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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

Oxford Institute Says Abundant Conventional Energy Will Preclude Synfuels Development 

The Oxford Institute for Energy Studies says that oil prices well above $30 per barrel or a tech-
nological breakthrough are needed in the next few years if synfuels production is to expand. 
The article on page 1-2 discussesconventional energy supplies over the next 20 years and con- 
cludes that abundant supplies will inhibit the development of synfuels. 

Amoco Sees 50 Percent Increase in Oil Imports by 2005 

Amoco's chief economist says that an increase in United States oil demand coupled with declin- 
ing domestic production could mean a 50 percent increase in oil imports by the year 2005. As 
detailed on page 1-3, policies aimed at increasing domestic production and gains in efficiency 
and conservation could change the supply outlook substantially. 

U.S. Expected to Become More Energy Efficient in Next 20 Years 

The Energy Information Administration says that the United States is expected to become sub-
stantially more energy efficient over the next 20 years. Their report, which is reviewed on 
page 1-3, assesses four sets of assumptions on world oil prices and economic growth rates and 
their effects on energy supply and demand through the year 2010. 

Novel Methanol Synthesis May Offer New Synfuels Route 

Research at the University of Pittsburgh involves a unique way to make methanol from syn-
thesis gas. A technical description of the process begins on page 1-9. The new route is a liquid 
phase synthesis of methanol at a temperature that is about 100 0C lower than present commer-
cial processes. 

Texaco Introduces Process for Hydrogen from Waste Gases 

Texaco's HyTEX process uses refinery offgases to produce a high purity hydrogen at a sig-
nificantly lower cost than competing processes while reducing emissions. As discussed on 
page 1-10, the HyTEX process uses Texaco gasification technology. According to Texaco, the 
process produces no nitrogen or sulfur oxides while turning refinery waste gas streams into 
hydrogen in a cost effective manner. 

NRC Calls for Improved Estimation of Undiscovered Oil and Gas 

According to a National Research Council committee, Interior Department estimates of undis-
covered oil and gas resources are systematically biased toward overly conservative estimates. 
See page 1-12 for a detailed discussion of the committee's concerns about the estimates as well 
as specific recommendations to improve future assessments. 
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Unocal Closes Parachute Project 

After 5 years of troubled operations, Unocal has suspended production at the Parachute Creek 
Shale Oil Project. Details of the shutdown are discussed on page 2-1. Unocal's $1.2 billion 
project never was able to produce the 10,000 barrels of oil per day it was designed for and con-
tinually operated in the red. 

LLNL Makes First Full System Run on 4 TPI) Pilot Plant 

The first full system run on its hot-recycle-solids (HRS) test facility has been reported by 
Lawrence Livermore National Laboratory, as discussed on page 2-2. The 4 tonne per day 
laboratory facility, designed to test key components of the HRS process, could lead to the 
development of a 100 tonne per day pilot plant. 

Hampshire Energy Proposes Oil Shale and Coal to Methanol at Unocal Site 

- A discussion of Hampshire Energy's proposal to site a plant to produce methanol from oil shale 
and coal at Unocal's oil shale retorting facilities near Parachute, Colorado begins on page 2-5. 
Hampshire says that methanol can be produced from oil shale and coal at a cost competitive 
with methanol produced from natural gas. 	 - 

Southern Pacific Petroleum Reviews Oil Shale Activities 

A review of the oil shale activities of Southern Pacific Petroleum and Central Pacific Minerals 
is presented on page 2-5. Most of the companies' activities are currently focused on launching 
the first oil shale commercial development project at the Stuart deposit. Proposals to construct 
a 6,000 ton per day plant are under consideration. 

Economics or Shale Oil Modified Asphalt Continue to Look Promising 

The New Paraho Corporation says their asphalt additive, SOMAT, could improve the life and 
performance of conventional asphalt by as much as 50 percent. Paraho has priced its shale oil 
asphalt modifier (SOM) at $100 per barrel and a recent study says that price is reasonable if 
SOMAT can effect a 10 percent increase in pavement life. See page 2-9 for details. 

Radio Frequency In Situ Process Updated 

A description of in situ extraction of shale oil using electromagnetic heating at radio fre-
quencies is given beginning on page 2-13. Dielectric radio frequency heating can potentially 
heat in situ an entire warehouse-sized volume of oil shale nearly simultaneously and requires 
only limited access to the volume to be heated. 

Steam Found to Improve Retort Yield 

Efforts by Marathon Oil Company to use steam for indirect retorting of oil shale are presented 
on page 2-14. After pilot plant retorting tests demonstrated yields near Fischer assay and suc- 
cessful steam recycle, a batch retort test program was initiated to better define the increase in 
oil yield and to determine if the yield advantages of steam could be realized using mixtures of 
steam and recycle gas.
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Improved Description of Oil Shale Flow In Vertical Lift Pipe Developed 

Lawrence Livermore National Laboratory (LLNL) has developed an improved mathematical 
model of oil shale flow in a vertical lift pipe, as discussed on page 2-17. The lift pipe unit is an 
important component of the hot-recycle-solids (HRS) process being studied at LLNL because it 
provides a substantial portion of the combustion of carbon remaining in the solids leaving the 
pyrolyzer. 

Optimization of Oil Shale Beneflciation Studied 

Researchers at the University of Alabama have focused on the beneficiation of eastern oil 
shales through the optimization of column flotation technology and stirred ball milling. As dis- 
cussed on page 2-18, in order to integrate column flotation and stirred ball milling into a 
beneficiation circuit, certain benefits of column flotation were foregone in order to minimize 
secondary stirred ball milling. 

Retorting Yield increased In Presence of Liquid 

The use of high boiling petroleum-derived materials to increase the oil yield from eastern oil 
shale is discussed on page 2-21. Researchers at Mobil Research and Development Corporation 
were able to increase the yield of an eastern shale to 150 percent of Fischer assay yield under 
modified retorting conditions. 

Chevron Patents Oil Shale Froth Flotation Process 

A description of Chevron's patented process for beneficiating oil shale is presented on 
page 2-28. The process includes the steps of grinding the shale to fine particles in an aqueous 
medium, scrubbing the particles, conditioning using a collector and a frother, and separating 
using froth flotation and oil agglomeration/dewatering. 

Kukersite Fines Extracted With Supercritical Benzene 

Experiments on extracting fine-ground Estonian kukersite with near-critical extractants are 
reported on page 2-31. Russian researchers suggest that liquefaction of oil shale fmes with spe-
cial extractants (aromatic hydrocarbons) should be considered as an alternative to the fluidized 
bed semicoking procedure. 

Unocal Cites Positive Environmental Experience 

The article on page 2-32 details Unocal's environmental experience at its oil shale facility near 
Parachute, Colorado. Environmental monitoring of the air, water and biological quality in the 
vicinity of the project facilities has revealed only minimal impacts from the project's operation 
and, says Unocal, reflects a positive environmental experience. 

Piceance Basin Becoming Active Area for Coalbed Methane Production 

Coalbed methane currently accounts for about 5 percent of Colorado's natural gas production, 
but that figure could grow to 25 percent in the next 2 or 3 years. The recent 2-year extension of 
federal tax credits on coalbed methane could result in extensive drilling activity in the Piceance 
Basin in 1991 and 1992. See page 2-36 for further details. 
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Socioeconomic Impact of Unocal Shutdown Uncertain 

The discussion on page 2-38 provides some insight into the social and economic repercussions 
that will result from Unocal's shutdown of its Parachute Creek Shale Oil Project. While the cal-
culated economic impact will be considerable, the social impact can not be easily tallied and 
could in fact have more lasting consequences. 

OSLO Benefits Explained But Support Lacking 

The proposed $5 billion OSLO project would provide long-term economic benefits as well as 
greater energy security for Canada. However, in order to move forward, the project needs 
government support in the form of tax incentives, grants and/or loan guarantees. The discus-
sion on page 3-1 outlines the project's potential benefits. 

BP Reports Improved Results at Wolf Lake 

In 1990, Wolf Lake production costs dropped 4.5 percent from $10.68 per barrel to $10.20 per 
-- barrel. - BP Canada's annual report, discussed on page 3-3, says production of bitumen was up 

11 percent from the previous year's level and the Wolf Lake operation realized a $5.6 million 
profit before taxes. 

Chevron Plans Pilot Test of HASDrive Process 

Chevron Canada Resources plans to construct a $5.5 million pilot plant that will use the 
HASDrive process to recover bitumen from the Athabasca oil sands. The article on page 34 
discusses Chevron's plans to initially drill more than 50 core holes to identify the most favorable 
location for the new facility. 

Wyoming Oil Mine Production Steady at 300 Barrels Per Day 

The New Tech Oil Company is using mining assisted recovery techniques to increase the oil 
recovery rate from the Lakota sandstone formation. An overview of the North Tisdale 

oil 
min-

ing project in Wyoming's Powder River Basin is presented on page 3-5. Current production is 
250 to 300 barrels of oil per day. 

Esso Cuts Back Cold Lake Production 

As detailed on page 3-7, Esso Canada Resources Limited shut in approximately 15,000 barrels 
per day of bitumen production from the Cold Lake project during March and April. Normal 
production levels were scheduled toresume in May. Esso also delayed the announced startup 
of Phases 7 and 8 of the project until later this year. 

Petro-Canada Notes Steady Participation In Oil Sands 

According to the company's annual report for 1990, Petro-Canada's 17 percent interest in the 
Syncrude plant provides close to one-third of the company's crude oil production. A review of 
Petro-Canada's oil sands activities is provided in the discussion on page 3-9. The company 
holds proved reserves of oil sands amounting to 243 million barrels of crude oil. 
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Alberta Changes Royalty Structure for Horizontal Wells 

The provincial government of Alberta has changed the method of royalty calculation for 
horizontal wells drilled between December 31, 1990 and January 1, 1993. The definition of 
horizontal well productivity rates has been changed to approximate the number of vertical wells 
that would be drilled to produce a similar area. Details are on page 3-12. 

ERCB Reviews Year In Oil Sands 

A review of oil sands activities in 1990, discussed on page 3-12, was provided by Canada's 
Energy Resources Conservation Board. Syncrude Canada reported record production in 1990 
while Suncor recorded its third best year of production. Several experimental developments for 
in situ recovery methods continued in 1990. 

National Energy Board Forecasts Next Mining Plant Start Date to be 2004 

Canada's National Energy Board (NEB) has predicted that construction on the next oil sand 
mining plant will not begin until 1999 and the rust year of production is likely to be 2004. As 
discussed on page 3-15, the NEB draft report is an outlook on energy supply and demand to the 
year 2010. 

Benefits of Heavy Oil Development Outlined for Canada 

A discussion of the costs and benefits, both social and economic, of heavy oil production in 
Canada is presented on page 3-17. A.J. MacFadyen of the University of Calgary says that many 
prefer to let the market perform the task of comparing benefits and costs through market be- 
havior, but free markets fail to recognize the full range of these benefits and costs. 

Synthetic Crude Oil Provides Unique Refinery Feedstock 

The significant differences between conventional crude oil and the synthetic crude oil produced 
by Syncrude Canada, most notably the low sulfur content and the lack of residuum, or bottoms 
fraction, are characteristics that are advantageous to refiners with limited sulfur removal and 
recovery facilities as well as to refiners with limited coking capacity. See page 3-19 for more in-
formation. 

Esso Resources Pioneering New Oil Sands Technologies 

An overview of Esso Resources Canada Limited's efforts to develop new oil sands technologies 
is presented on page 3-21. The discussion includes improving cyclic steam stimulation, the use 
of horizontal wells, borehole mining techniques, in situ combustion, basal plane heating and the 
OSLO cold water extraction process. 

AOSTRA Outlines Trends in Canadian Tar Sands Research 

Current trends in tar sands mining and in situ operations, as outlined by AOSTRA, are 
reviewed on page 3-23. Included in the discussion are mineable oil sands, hydraulic mining 
through small diameter boreholes, retorting, upgrading, underground access, in situ recovery 
from surface wells and trends in research.
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Beneticlation of Alabama Tar Sands Optimized 

Research at the University of Alabama, described on page 3-25, has shown that the presence of 
clean quartz surfaces is a critical factor in achieving phase disengagement during attrition scrub-
bing. The researchers developed a process wherein concentrates containing almost 50 percent 
bitumen were recovered in subsequent flotation. 

Tar Sands Research Presented at Rocky Mountain Fuels Society 

Three presentations to the 16th Symposium of the Rocky Mountain Fuels Society concerned tar 
sands: upgrading of liquids derived from tar sands, development of Utah tar sand for produc-
tion of asphalt, and characterization of Whiterocks (Utah) tar sand bitumen. All three presenta-
tions are reviewed on page 3-28. 

Durl Steamtlood May Reach 300,000 Barrels Per Day 

The Dun steamflood, in central Sumatra, Indonesia, could produce as much as 300,000 barrels 
of oil per day by 1993. As discussed on page 3-30, steam flooding at Duri could increase the 
recovery rate to 63 percent from that field. The project entails drilling nearly 5,000 wells and - 
installing 300 steam generators and will cost about $1.8 billion. 

Wolf Lake Recycles Water With Warm Lime Process 

A detailed description of the Wolf Lake process for recycling produced water is presented on 
page 3-31. The produced water recycling system is based on a warm lime process. It is es- 
timated that by recycling all of its produced water, as opposed to deep well disposal, the Wolf 
Lake plant can save over $1 million per year in direct operating costs. 

Process Water Recycle Demonstrated for Utah Tar Sands 

Research at the University of Utah has shown that the recycle of process water containing 4 to 
5 weight percent suspended matter has no deleterious effect on the process separation ef-
ficiency in hot water-based processing of Utah tar sands. A discussion of this experimental 
work is presented on page 3-33. 

Washakie Wilderness Proposals Involve Potential Wyoming Tar Sand Areas 

The proposed wilderness designation for two areas in the Washakie Resource Area in Wyom-
ing would preclude exploration and development of tar sand deposits. As detailed on 
page 3-36, the Alkali Creek Wilderness Study Area could contain as much as 2 million barrels 
of oil, but none of the 8,187 acres would be available for mineral lease, location or sale if it is 
designated a wilderness area. 

BGL Slagging Gasifier Considered for Power Generation 

The British Gas/Lurgi slagging gasifier is being considered for a number of projects and studies 
worldwide. Progressive development of the gasifier components has focused on the stirrer at 
the top of the fuel bed and the distribution of steam and oxygen at the bottom of the fuel bed. 
Some of the demonstration plant projects being pursued in Denmark, Spain and Italy are 
briefly discussed in the article beginning on page 4-1. 
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Status of Clean Coal Technology Projects Updated 

A review and update of all 35 projects selected in the first 3 rounds of competition under the 
Department of Energy's Clean Coal Technology Program begins on page 4-3. A map showing 
the location of each of these projects as well as the round in which each was selected is also 
provided. 

Shell Shuts Down SCGP-1 Pilot Plant 

Shell Oil has shut down its coal gasification demonstration plant near Houston, Texas. In the 
4-year demonstration, the plant logged nearly 15,000 hours of operation while being routinely 
switched on-line from one coal to another. Carbon conversion rates of more than 99 percent 
were achieved. See page 4-13 for details. 

DOE Indirect Liquefication Program Reviewed 

As discussed on page 4-16, the Department of Energy's (DOE) Indirect Liquefaction Program 
has divided its efforts into two major areas: Fischer-Tropsch (F-T) synthesis and oxygenates 
synthesis. DOE research on F-T technology is aimed at production of transportation fuels from 
coal-derived synthesis gas at costs competitive with the expected price of oil in the next decade. 

Gasification to be the Core Technology for Future Power Generation 

Minimal emissions and high efficiency make coal gasification based power generation systems 
strong candidates for the next round of coal fired electricity generating plants. The article on 
page 4-20 discusses a number of projects and studies currently under way in this area, including 
integrated gasification molten carbonate fuel cell cycles. 

NES Analysis Shows Potential for Coal Liquefaction in 20 to 30 Years 

The Energy Information Administration says there is a good possibility that a coal liquefaction 
industry could emerge in the United States in the next 20 to 30 years. An analysis of two 
scenarios analyzing the potential for coal liquefaction over the next 40 years is discussed in 
detail on page 4-24. 

Coproduction of Liquid Phase Methanol Seen to be Economically Feasible 

Methanol produced from coal is expensive when methanol is the sole product. However, 
methanol can be coproduced as a byproduct in a coal gasification combined cycle facility produc-
ing electric power. As detailed on page 4-28, methanol coproduced in this way is cost competi-
tive with methanol produced from domestic natural gas. 

Breakeven Price of $30 to $40 Per Barrel Computed for Point of Ayr Liquefaction Process 

The director of the British Coal Liquefaction Project says oil prices in the $30 to $40 per barrel 
range would be required to make the process economically competitive. Recent economic as-
sessments indicate that a plant built in the year 2000 and producing 50,000 barrels per day of 
finished products could be economically viable. Complete details are on page 4-33. 
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Westinghouse Turbine Advances Increase Potential Market for IGCC Systems 

A review of Westinghouse's experience with and projections for integrated gasification com-
bined cycle power systems burning coal is presented on page 4-39. The Westinghouse 501F 
combustion turbine makes 10CC plants with thermal efficiencies of 40 percent or higher pos-
sible today, according to preliminary studies. 

AMAX Developing Pure Carbon from Coal Process 

The process being developed by AMAX Coal Industries to convert coal into liquid, gaseous and 
solid fuels for industrial power generation is reviewed on page 4-42. The mild gasification 
process and a char to carbon process are both being evaluated in process research units. 

HRI Records Advances in Direct Liquefaction 

Efforts to maximize distillate yield using the catalytic two-stage liquefaction process being 
developed by HRI, Inc. are discussed on page 4-47. Recently completed studies show promise 
for improved process performance in the areas of coal cleaning solid separation, process con-
figuration and catalysts. 

KOBRA Project to Establish Basis for 600 MW Winkler Plants 

KOBRA, the German term for a combined cycle plant based on brown coal, is a program to in-
tegrate a 300 megawatt combined cycle power station with the High Temperature Winkler 
gasification process. As discussed on page 4-51, the KOI3RA project will establish the basis for 
commercial 600 megawatt power stations in the future. 

Sasol Moving from Synfuels to Chemicals at Sasol One 

A major renewal project at Sasol One includes an expansion of the fixed bed Fischer-Tropsch 
plant with a unit containing a 5-meter diameter tubular reactor. Much of the synthetic fuels 
capability at the Sasol One facility is being shut down. See page 4-53 for details on the strategy 
and policies being implemented by Sasol. 

Advances in Synthol Technology Offer Opportunities for Natural Gas Conversion 

Sasol Technology's circulating fluid bed Synthol process is reviewed on page 5-2. Using the ad-
vanced fluid bed Synthol reactor, Sasol has commercialized three types of reactor configura- 
tions and a fourth is in an advanced stage of development. All four configurations are 
reviewed. 

United States Reserve Additions Exceed Production in 1990 

The American Gas Association (AGA) says gas drilling activity increased during 1990 with over 
10,000 gas well completions reported. As detailed on page 5-4, AGA estimates that 1990 
reserve additions are 105 to 128 percent of 1990 production, compared to replacement levels of 
93 percent between 1981 and 1989.
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SBIR AWARDS IN SYNFUEL.S AND CLEAN COAL 
TECHNOLOGY ANNOUNCED 

On May 16, United States Secretary of Energy J.D. Watkins 
announced that the Department of Energy has selected 
65 projects for fiscal year 1991 funding under Phase II of its 
small business innovation research (SBIR) program. The 
awards will average about $495,000 for a 2-year period. 

The projects selected cover a broad spectrum of energy-
related research and development in the areas of conserva-
tion and renewable, fossil and nuclear energy, as well as 
basic energy sciences, health and environmental research, 
magnetic fusion energy and high energy and nuclear physics. 

The department's SBR program, now in its ninth year, 
implements the Small Business Innovation Development Act 
of 1982. Its objective is to strengthen the role of small, in-
novative firms in areas of research and development that are 
federally funded. This research and development, in turn, 
will serve as a base for technological innovation while at the 
same time meeting agency needs. 

In 1990, under Phase I of the SBIR program, 170 projects 
were funded (out of 1,172 grant applications submitted) at 
about $50,000 each for preliminary feasibility studies. These 
firms were eligible to submit applications to continue their 
work in 1991 under Phase II, which is the principal research 
and development phase. Of those firms that applied by an 
early deadline, the department selected 20 to fund to avoid 
interruption in project work. Negotiations with the small, 
high technology firms will begin immediately on the remain-
ing 45 projects selected. 

Out of the list of 65 applications recommended for FY 1991 
Phase II awards, the following 14 involve projects relevant to 
synthetic fuels or clean coal technology. 

Pacific Creative Research: Chemical Coal Clean-
ing at Low Caustic/Coal Ratios 

- ADA Technologies, Inc.: Development of a Multi-
Gas Process for Hot-Gas-Stream Cleanup Systems

- TDA Research, Inc.: High Temperature Hydrogen 
Sulfide Removal 

- Advanced Fuel Research, Inc.: Mild Gasification 
in Transport Reactors 

- Eltron Research, Inc.: Perovskite Solid 
Electrolytes for Intermediate Temperature Fuel 
Cells 

- CeraMem Corporation: A Novel Filter Shape for 
Flue Gas Cleanup 

- CeraMem Corporation: High Temperature 
Ceramic Filter Development 

- Giner, Inc.: Development of a flue Gas Desul-
furization Process Using a Novel Regenerative 
Hydrogen Bromide System 

- Wormser Development Company. An Improved 
Method for Conditioning Fluidized-Bed Combus-
tor Residue 

Manufacturing and Technical Conversion Interna-
tional, Inc.: An Advanced Concept for Cost-
Effective Pressurized Fluidized Bed Combustion 
Systems 

- Holtgren, Inc.: Use of the Hypersonic flame Spray 
Process to Develop Erosion Resistant Coatings for 
Fluidized-Bed Combustion Systems Tubing 

Southwest Sciences, Inc.: A Novel Mass 
Spectrometer for Combustion Studies 

Advanced Processing Technologies, Inc.: Ad-
vanced Design of an Air-Sparged Hydrocyclone Sys-
tem for Fine Coal flotation 

Chang Yul Cha and Associates: Development of 
an Advanced Process for Simultaneous Removal of 
Sulfur Oxides and Nitrogen Oxides from flue Gas 
by an Electromagnetic Method 
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ENERGY POLICY & FORECASTS 

OXFORD INSTITUTE SAYS ABUNDANT 
CONVENTIONAL ENERGY WILL PRECLUDE 
SYNFUELS DEVELOPMENT 

A report from the Oxford Institute for Energy Studies con-
cludes that a substantial amount of conventional energy is 
available, and much of it at technical costs below $20 per bar-
rel of oil equivalent. The author, P. Barnes, says that world 
energy needs could be met by conventional energy supplies 
well into the next century even if demand were to grow as 
fast as it did in the 1960s. Investment into the development 
of synfuels will continue to be inhibited by abundant, low-
cost supplies of conventional energy sources. 

Barnes' report on long-term energy supplies is based on as-
sessments of potential and feasible patterns of energy supply 
development on a country-by-country basis, taking into ac-
count the resources available and the extent and realism of 
existing plans. 

Barnes says the availability of different sources of commer-
cial energy over the long term is influenced by perceptions of 
the geopolitical distribution as well as the size of the 
resource base. The resource base is considerable, he says, 
but the nature and extent of regional imbalances are striking. 
Over 60 percent of world oil reserves are in the Middle East 
and more than 70 percent of coal is concentrated in just 
three countries. The main gas consuming areas outside the 
USSR have only 11 percent of gas reserves. 

In the report, lower and higher cases have been assessed to 
define ranges of potential availability of energy supplies that 
could be available to meet demand under alternative assump-
tions on price, energy and environmental policies and inter-
fuel competition. 

Oil 

The lower case for future non-OPEC oil availability reflects 
an assumption that oil prices and contractual conditions 
remain much as they were before the Cuff crisis Technologi 
cal progress proceeds at the same rate as in the past and 
there is little change in environmental constraints. Under 
these conditions, Barnes says non-OPEC production, outside 
China and the USSR, reaches a plateau around 1993 and 
then declines slowly. However, production could still be at 
23 to 24 million barrels of oil per day in the year 2000 and 
just under 20 million barrels of oil per day 10 years later. 

A more optimistic view assumes that investors and producers 
expect rising real oil prices over the long term (in the $25 to 
$30 per barrel range at the end of the period) with more 
favorable contractual terms. This higher case makes bolder 
assumptions about the size and rate of development of undis-
covered reserves. On this basis, Barnes says production

could reach around 27 to 28 million barrels of oil per day by 
1995 and remain stable until the end of the century. 

In the lower case, oil production in the USSR could remain 
at between 11 and 12 million barrels of oil per day 
throughout much of the 1990s. In the higher case, produc-
tion increases to about 14 million barrels of oil per day on 
the assumption that substantial undiscovered reserves exist 
and can be developed. 

Production profiles developed for each of the OPEC mem-
ber countries show that almost any increases in oil demand 
that might reasonably be assumed for the next 20 years could 
be met from OPEC, or even from the Gulf countries alone. 

According to Barnes, the availability of low-cost conven-
tional oil supplies will continue to inhibit investment in the 
development of synfuels. Expectations of prices well above 
$30 per barrel, or a technological breakthrough, are needed 
within the next few years if production is to expand beyond a 
few synfuel plants based on specific local conditions. 

Coal 

In the main coal-producing countries, outside of Europe and 
Japan, indigenous coal is usually the cheapest fuel on a 
calorific basis. The decline of coal production in the estab-
lished and traditional high-cost countries is almost inevitable, 
he says, even without an increase in environmental concerns 
and labor problems. Developing countries relying heavily on 
coal, such as China or India, are unlikely to be seriously af-
fected by environmental considerations. Elsewhere, par-
ticularly in OECD countries, Barnes says national and inter-
national measures could have a major impact. 

In the lower case, availability is lower in the first decade of 
the next century than at present. But the higher case allows 
for a doubling of production over the next 20 years. Coal 
still has the potential, under the right conditions, to provide 
very substantial supplies of low-cost fuel, says Barnes. 

Natural Gas 

Gas reserves are abundant but the growth of global gas sup-
plies over the next 10 years will depend far more on the a-
pansion of existing markets and the development of new 
ones than on the size of the resource base. 

According to Barnes, the crucial determinants for investment 
in new gas projects will be the extent and impact of environ-
mental policies relating to global warming, coupled with per-
ceptions of the future price of oil and its security of supply. 
The higher case assumes that higher oil prices make many 
new liquefied natural gas schemes competitive. With more 
flexible trading arrangements and encouragement for use in 

-
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power generation, gas availability could nearly double by the 
end of the first decade of the next century, he says. The 
proportion of gas supplies coming from developing countries 
would then be well over 30 percent compared with under 
20 percent at present. Production at this level will gill have 
depleted only a little over 40 percent of the world's conven-
tional gas resources and gas will be set to be the growth fuel 
of the twenty-lint century. 

Assessment of Potential at Moderate Oil Price levels 

The development of all the energy sources together at the 
top or bottom of their ranges is not a realistic assumption. 
In the very unlikely event that this were to occur, however, 
total incremental energy supply potential over the next 20 
years could, in the compounded higher case, be as much as 
80 million barrels of oil equivalent per day even without oil 
from OPEC. 

Energy, and especially oil, supplies may become increasingly 
concentrated in a small number of countries. However, any 
sustained attempt to use such potential economic power by 
raising prices would call forth further supplies from a wider 
and increasingly flexible range of energy resources, as well as 
reducing demand growth, says Barnes. 

If energy supplies fall at the lower end of the estimates, it 
will be because there is insufficient demand to justify theft 
exploitation. 

Barnes says the conclusion that energy supply is not likely to 
be heavily constrained over the next 20 years is a strong one. 
However, it does apply only to likely trends. In the short and 
medium term, mismatches of demand and supply, whether 
global or in terms of particular regions or fuels, will in-
evitably occur and the actual path of prices and consumption 
will no doubt prove to be unstable, he says. 

#fl#

As shown in Table 1 (next page), imported oil accounted for 
47 percent of net oil demand in the United States in 1990. 
By 2005, under EcIc's projections, imported oil would ac-
count for 63 percent of United States oil demand. 

According to Eck, the problem facing the United States is 
declining domestic oil supply. He says that the remaining 
domestic resources—enhanced oil recovery in existing fields, 
new frontiers in Alaska and offshore in the lower 48 states—
must be developed. The keystone of national energy policy 
must be to increase domestic supplies of oil. 

Table 2 (next page) lists additional sources and amounts of 
domestic oil that could result from the implementation of 
aggressive energy policies in the United States. According to 
Eck, an additional 1.6 million barrels of oil per day could be 
produced by the year 2005. 

Implementation of a $10 per barrel enhanced oil recovery 
tax credit could boost domestic production by 
500,000 barrels per day in 2005. Policies that would allow 
exploration and production in the Arctic National Wildlife 
Refuge (ANWR) in Alaska could result in another 
600,000 barrels of daily oil production, says Eck. California's 
offshore oil resources could supply an additional 
200,000 barrels of oil per day. 

According to Eck, most of the increases in United States oil 
use is due to growth in the gross national product, not in-
creased individual demand. He says the nation has achieved 
better overall energy efficiency and that oil for personal 
automobiles and home heating use has declined. Stepped up 
domestic production, coupled with further gains in efficiency 
and conservation, would change the nation's oil supply out-
look substantially. As shown in Table 3 (next page), oil fin-
ports would increase by only 2 million barrels per day by 
2005, an increase of only 25 percent. In this case, oil imports 
would account for 52 percent of United States oil demand. 

nfl 

AMOCO SEES 50 PERCENT INCREASE IN OIL 
IMPORTS BY 2005 

According to T. Eck, chief economist for Amoco Corpora-
tion, the United States oil supply outlook calls for a 
50 percent increase in oil imports by the year 2005. 

Speaking at a Center for Strategic and International Studies 
seminar in Washington, D.C. last February, Eck said that net 
oil demand in the United States is expected to increase from 
17 million barrels per day in 1990 to 20 million barrels per 
day in 2005, an increase of 3 million barrels per day. During 
the same period, however, oil imports are expected to in-
crease by 4.5 million barrels per day, from 8 million in 1990 
to 12.5 million barrels per day by 2005.

U.S. EXPECTED TO BECOME MORE ENERGY 
EFFICIENT IN NEXT 20 YEARS 

As the economy expands, the United States is expected to 
become substantially more energy efficient over the next 
20 years, according to a report by the Energy Information 
Administration (BA). The report is an update to last year's 
"Annual Energy Outlook", which was used to develop the 
base case forecast for the National Energy Strategy. 

Gains in energy efficiency are expected because of improve-
ments in automobile fuel economy, industrial processes, and 
upgrades in the quality of construction and equipment in 
residential and commercial buildings. However, the rate at 
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TABLE 1 

U. S. OIL SUPPLY OUTLOOK 

1990 1995 2000 2005 

U.S. Net Oil Demand, MMBD 17 18 19 20 
Imports, MMBD 8 9.5 11 12.5 
Imports,% 47% 53% 58% 63% 

TABLE 2 

ADDITIONAL SOURCES OF U. S. OIL
FROM AGGRESSIVE POLICY

(Million Barrels Per Day)

1995	 2000 

EOR Tax Credit ($10/Bbl) 0.1	 03 
ANV'R -	 0.1 
Other Alaska Onshore -	 - 
California Offshore 0.1	 0.2 

Total 0.2	 0.5 

2005 

0.5 
0.6 
03 
0.2 
1.6 

TABLE 3 

U. S. OIL SUPPLY OUTIA)OK 
AGGRESSIVE POLICY VS. OIL IMPORTS 

U.S. Net Oil Demand, MMBD 
Imports, MMBD 
Imports, % 

1990 1995 2000 2005 

17 17 18 19 
8 9 10 10 

47% 50% 53% 52%

which these improvements occur depends on a number of fac-
tors, including the world oil price, growth in the economy, 
and the pace of technological change and replacement of 
energy-using equipment. 

By the year 2010, the average miles per gallon for the pas-
senger vehicle fleet is expected to increase by 18 to 
32 percent; industrial energy efficiency by 23 to 27 percent; 
residential housing efficiency by 9 to 18 percent; and commer-
cial building efficiency by 10 to 17 percent. These ranges as-
sume world oil prices will vary between $23 and $45 per bar-
rel by the year 2010 and the gross national product will ex-
pand at a rate between 2.8 percent per year.

The report, "Annual Energy Outlook 1991" (AEO), ad- 
dresses four different sets of assumptions on world oil prices 
and economic growth rates and their effects on energy 
supply and demand through the year 2010. 

The reference case combines the assumption of an annual 
economic growth rate of 2.1 percent and a mid-level path for 
world oil price ($24 per barrel for the next few years, and 
rising to $35 in current dollars by 2010). Total energy 
demand grows at an annual rate of 1.1 percent per year, in-
creasing by 2010 to 22 quadrillion BTU above the 1989 level. 
Demand for electricity grows at a rate of 2.0 percent per 
year.
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The low oil price case starts with the same baseline economic 
growth rate of 2.1 percent per year but combines it with an 
assumption that world oil prices will be stable at $19 per bar-
rel (in real terms) for several years and will go no higher 
than $23 per barrel by 2010. With oil prices this low, energy 
demand could be expected to increase more rapidly-by 
24 quadrillion BTU above the 1989 level. Electricity sales in 
this case still grow at about 2.0 percent per year. Feedback 
effects ultimately raise the economic growth rate slightly to 
an equilibrium rate of 2.2 percent. 

The high economic growth case also assumes the same low 
world oil prices ($23 per barrel by 2010) but combines them 
with a high macroeconomic growth rate of 2.8 percent. This 
combination produces the highest energy demand of any of 
the four cases. Electricity sales grow at 14 percent per year. 
By 2010 total United States demand for energy is projected 
to be 32 quadrillion BTU higher than in 1989, a rise of 
1.5 percent per year over the 2 decades. 

The high oil price case combines the assumption of the 
baseline economic growth rate (2.1 percent) with a high 
world oil price (starting at $29 in real terms for the next few 
years, then rising gradually to $45 in 2010). Feedback effects 
cause the path of economic growth and the 2010 GNP level 
to be somewhat lower than in the reference case. In addi-
tion, this scenario examines the effects of an intensified com-
mitment to energy conservation and a post-2000 shift to alter-
native fuel vehicles. Low energy demand results in a rise of 
only 17 quadrillion BTU (0.9 percent per year) over 1989's 
total primary energy consumption. With greater stress on 
conservation, electricity sales grow more slowly at the rate of 
1.6 percent per year. 

Over the forecast period, the average annual growth in 
energy consumption ranges across the scenarios from 
0.9 percent in the high oil price case to 1.5 percent in the 
high economic growth case, with demand for electricity con-
tinuing its strong growth relative to both petroleum and 
natural gas. 

By comparison with these projections, total energy consump-
tion in the United States actually increased at an annual rate 
of 1.1 percent per year between 1970 and 1989. 

Table 1 summarizes the range of projections for all four 
scenarios for primary domestic energy production, net fin-
ports, energy consumption, energy prices, economic in-
dicators and energy intensity. 

Report Highlights 

Over the forecast period, the ELA report says that the follow-
ing observations remain largely intact across the four diverse 
scenarios. 

Total domestic consumption of primary energy in all its 
forms is projected to grow by 20 to 38 percent over the next

20 years while GM' is assumed to expand by 52 to 
77 percent. Thus, the outlook is for increasing energy ef-
ficiency. 

United States petroleum demand is projected to grow to be-
tween 18.9 and 24.0 million barrels per day by 2010, com-
pared with 173 million barrels per day in 1989. Annual net 
imports of petroleum by 2010 range from 57 to 74 percent of 
total domestic oil consumption (compared with 42 percent in 
1989. 

Domestic crude oil production is expected to fall from 
7.6 million barrels per day in 1989 to between 3.4 and 
5.2 million barrels per day by 2010. In the higher oil price 
scenario, the long-term decline averages about 1.8 percent 
annually. When low oil prices are assumed, domestic produc-
tion of crude oil is projected to decline at an annual rate of 
3.8 percent. 

Daily demand for gasoline grows between 0.15 and 
1.95 million barrels by the end of the forecast period in the 
cases involving the lowest and highest energy demand, respec-
tively. Growth is foreseen in all cases for diesel and jet fuels, 
liquefied petroleum gas (LPG) for industry, and petrochemi-
cal feedstocks. 

Natural gas consumption peaks in the early years of the next 
decade at levels ranging from 21.8 to 22.7 trillion cubic feet, 
compared with 18.8 trillion cubic feet in 1989. Then, electric 
utilities turn to coal for new baseload generation capacity, 
limiting further growth in natural gas consumption by this 
sector. 

Projections of the increase in domestic coal demand range 
between 241 million short tons and 436 million short tons, 
depending on the assumptions about economic growth and 
energy prices used in the respective cases. Projections of to-
tal United States coal production in 2010 vary between 
1.4 and 1.6 billion short tons, with the current annual exports 
of approximately 100 million short tons more than doubling 
by that time. 

The report projects a need for between 177 and 
322 gigawatts of new generating capacity by 2010. Depend-
ing on whether new nuclear plants are ordered and/or the 
operation of existing units is extended, nuclear power 
capacity would range between 101 and 110 gigawatts in 
20 years with the overall nuclear share of electricity declining 
from 19 percent in 1990 to between 14 and 15 percent. 
Electric utilities will continue to rely on coal, but nonutility 
generators are seen turning increasingly to renewable energy 
in the future. 

Renewable energy use is assumed to grow from 7 percent of 
total energy consumption in 1989 to about 11 percent of the 
total projected for 2010. Use is still concentrated in electric 
utilities (hydropower), industry (process heat from biomass), 
and homes (wood). Larger shares of electricity are likely to 
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TABLE 1

RANGE OF PROJECTIONS FOR 2010 

Low High High 
1990 Oil Economic Oil 

(Estimated) Reference ftç Growth fjjc 

17.6 12.4 9.8 10.1 13.9 
18.1 19.9 18.8 20.2 19.4 
22.5 31.6 31.0 34.0 29.3 

6.1 6.7 7.1 7.1 6.8 
liA 11.6 111 iLl 

71.2 82.2 78.4 83.1 81.0 

Primary Production (quadrillion BTU) 
Petroleum 
Natural Gas 
Coal 
Nuclear Power 
Renewable Energy/Other 

Total Primary Production 

Net Imports (quadrillion BTU) 
Petroleum (including SPR) 
Natural Gas 
Coal/Other (- indicates export) 

Total Net Imports 

Consumption (quadrillion BTU) 
Petroleum Products 
Natural Gas 
Coal 
Nuclear Power 
Renewable Energy/Other 

Total Consumption 

Prices (1990 dollars) 
World Oil Price 
(dollars per barrel) 

Domestic Natural Gas Wellhead 
(dollars per thousand cubic feet) 

Domestic Coal Minemouth 
(dollars per short ton) 

Average Electricity Price 
(cents per kWh) 

Economic Indicators 
Real Gross National Product 

(billion 1982 dollars) 
(annual change, 1989-2010) 

Energy Intensity (thousand BTU per 
1982 dollar of GNP) 

Oil and Gas Use 
Electricity End-Use 
Total Energy Use

15.4 27.4 33.2 37.0 23.0 
1.4 3.2 32 3.2 2.8 

143 25.6 313 34.4 20.8 

33.5 39.9 43.2 47.4 373 
19.1 22.4 213 22.7 21.5 
18.9 25.4 24.8 27.1 23.2 
6.1 6.7 7.1 7.1 6.8 

111 114 114 
84.4 106.9 108.8 116.8 1013 

22.00 34.20 23.40 23.40 45.40 

1.77 5.04 4.68 5.21 4.73 

22.18 31.64 31.22 3332 3134 

6.94 7.22 7.09 7.17 7.17

4,153	 6,436	 6,528	 7,355	 6,323 
-	 2.1%	 22%	 2.8%	 2.1% 

12.67	 9.69	 9.88	 9.54	 9.29 
2.22	 2.11	 2.10	 2.00	 2.00 

2032	 16.61	 16.67	 15.88	 16.02 
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14.8 percent to 26.8 percent. Table 1 lists Japan's long-term 
alternative energy supply goals. 

come from geothermal energy and from the burning of 
municipal solid waste, with each growing by more than 
8 percent per year between 1989 and 2010. 

##fl 

JAPANESE ENERGY STRATEGY TARGETS INCREASED 
ENERGY SECURITY 

Last October the Japanese Government revised their 
"Alternative Energy Supply Target" with the goal being to 
increase energy security. Speaking at the Alternate 
Energy '91 conference in Scottsdale, Arizona in April, 
T. Fukumizu of the New Energy and Industrial Technology 
Development Organization (NEDO) said that because 
Japan imports 99.8 percent of its oil supply, the result is a vul-
nerable economic base. 

Nevertheless, he says, Japanese dependence on oil has been 
in decline since 1973 when it hit a high of 77 percent of total 
energy use. He attributes this decline to industry's efforts in 
energy conservation and conversion to alternative energy 
sources. In 1989 oil represented only 58 percent of Japan's 
total energy use. It should be noted that in Japan the in-
dustrial sector accounts for 53 percent of total energy con-
sumption. 

Fukumizu says that rising oil prices are likely to be the trend 
in the 1990s. In addition, as world energy demand continues 
to expand, the world's capacity to supply petroleum is likely 
to drop. He says Japan must carefully monitor how political 
and economic changes will affect international energy supply 
and demand. 

To deal with the anticipated increase in demand, the most 
important issue is ensuring stable energy supplies or energy 
security. He says it is necessary to be aware that the energy 
security of Japan is inseparably linked to that of the whole 
world. 

With this in mind, he says Japan should strengthen its energy 
policies based on the following fundamental concept: achieve 
energy supply with a minimum increase in energy demand; 
lower dependency on oil; increase usage of non-fossil energy 
sources; and actively promote international cooperation in 
the energy field. There must also be a greater international 
exchange of information to understand the factors that will 
influence the future energy situation. 

Japan's Strategy 

Under the Alternate Energy Supply Target, Japan will be-
come less dependent on oil and fossil energy resources by in-
troducing new energy. In 2010 oil dependency will be 
decreased to 453 percent. Japan will also increase the 
supply of non-fossil energy from the present level of

Even though Japan is one of the world's most energy effi-
cient countries, he says it is important to conserve energy in 
order to assure energy security while developing economic 
growth. One goal which has been established is to achieve 
energy conservation of 11 percent (equivalent to 84 million 
kiloliters of oil). This improvement, averaging 2 percent an-
nually in energy consumption per unit of gross national 
product, by 2010 will amount to a 36 percent reduction over 
the figures for 1928. 

Fukurnizu says that energy conservation efforts should be in-
tensified by broadening energy efficiency measures to cover 
overall energy, from the supply stage to the final consump-
tion stage, and even further to include social systems. 

Energy conservation can be accomplished by both general 
and specific policies: 

Introduce regional heat supply by making use of 
unused energy found in cities and elsewhere. 

Utilize systems that produce both heat and 
electricity, including fuel cells. 

Increase efficient energy use in buildings through 
utilization of high performance heat pumps, etc. 

Recycle natural resources, including utilization of 
used and reclaimed paper. 

Introduce energy saving equipment and energy 
saving methods into the manufacturing process. 

Promote increased use of thermal insulation in 
homes.

TABLE 1 

LONG-TERM ALTERNATIVE ENERGY SUPPLY GOAL 

2000	 2010 

Total Energy Supply 
(million kiloliters)	 499	 594	 657 

New Energy 13% 3.0% 53% 
Hydro 4.6% 3.7% 3.7% 
Geothermal 0.1% 03% 0.9% 
Nuclear 8.9% 133% 16.9% 
Natural Gas 10.0% 10.9% 12.2% 
Coal 173% 17.5% 15.7% 
Oil 57.9% 513% 453%
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- Improve auto efficiency to the maximum extent pos-
sible. 

- Improve power generation efficiency using com-
bined cycle technology. 

He says it is appropriate to promote the use of natural gas 
because its supply is relatively stable, and its CO2 emissions 
are lower than other fossil fuels. However, concerns about 
an increase in price and high costs of liquefaction will 
hamper rapid and substantial increases in its use. 

Although its supply is extremely stable and it is price competi-
tive, coal produces more CO  than any other energy source, 
so it is difficult to encourage greater use over the medium 
and long term. He recommends continued research and 
development for coal utilization, combined cycle power gen-
eration, and other coal technologies.

Continued efforts to reduce Japan's oil dependency will en-
sure its energy security and stabilize international oil supply 
and demand. Because he expects Japan will continue to 
depend on oil, he says it is necessary to make greater efforts 
to secure a stable resource. 

He also says it is important to make wide-spread use of effi-
cient consumer appliances. Japan must seek to balance the 
electric power load by offering diversified choices for various 
fees. The current scale of cogeneration (150 megawatts) is 
expected to be increased by 22 times to about 3.2 gigawatts 
by 2000 and then to 10.4 gigawatts by 2010. 

According to Fukumizu, Japan's energy demand significantly 
affects the world's energy supply and demand. Conversely, 
the world situation has an enormous impact on Japan. 
Therefore, Japan should play an extremely important role in 
the international energy market. 

###1 
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TECHNOLOGY 

NOVEL METHANOL SYNTHESIS MAY OFFER NEW 
SYNFUELS ROUTE 

Work carried out at the University of Pittsburgh involves a 
unique way to make methanol from synthesis gas. It thus 
would be applicable to converting either coal or natural gas 
to synthetic liquid fuels. The new process route was outlined 
in a paper by Palekar, Tierney and Wender at last fall's Pitts-
burgh Coal Conference. 

Present commercial methanol synthesis processes are charac-
terized by high pressures and temperatures with low per pass 
conversion. The new route is a liquid phase synthesis of 
methanol from CO and 112 at about 1000C lower than 
present commercial processes, with little or no recycle. It in-
volves the carbonylation of methanol to form methyl formate 
(Mefl and the successive hydrogenolysis of methyl formate 
to give two moles of methanol (Me011) as shown below. 

CH3OH + CO = HCOOCH3 

I-ICOOCH3 + 2112 = 2C}I30H 

Essentially all MeOH produced today is made by the direct 
gas phase CO hydrogenation process at temperatures of 
200 to 300°C and pressures of 50 to 110 atmospheres using 
Cu/ZnO based catalysts. Methane is the main source of syn-
gas though coal gasification is also used to some extent. The 
outlet MeOH concentration is restricted to 5 to 6 mole per-
cent due to heat transfer limitations, leading to a high 
recycle ratio. 

In comparison, this novel synthesis is carried out at milder 
conditions of 100 to 150°C and pressures of 40 to 
65 atmospheres. 

Researchers at the University of Pittsburgh have now suc-
ceeded in carrying out the two reactions described above in a 
single slurry reactor, operated in a semi-continuous manner. 
In spite of potential deactivating species like CO 2 and H2O 
the concurrent (both reactions carried out in the same reac-
tor) reaction using a mixed catalyst comprised of KOMe and 
Cu-chromite gives high MeOH production rates with low 
rates of deactivation. 

Due to the favorable thermodynamics of the two individual 
processes, up to 95 percent conversion can be obtained with 
about 94 percent selectivity to MeOH. Thus there is little 
need to recycle synthesis gas. One of the salient features of 
this concurrent process is that no higher alcohols are 
produced. 

The operating conditions have to be in the cross-hatched 
area in Figure 1. The boundary is determined by the tem-
perature at which the vapor pressure of MeOH is equal to its

FIGURE 1 
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equilibrium partial pressure. The conditions ensure that 
MeON is produced in the liquid phase in contrast to the gas 
phase operating point which is used industrially. 

Reaction studies on the concurrent MeOH synthesis using a 
mixed catalyst comprised of KOMe and Cu-chromite indi-
cate an interaction between the two catalysts. High activity 
is obtained in comparison to a mixed catalyst comprised of 
KOMe/Cu-ZnO. The process is tolerant to fluctuations in 
the feed H2 /CO ratio.

fl## 

SYNTHETIC FUELS BOOK REPRINTED 

SyntheticfULIS the 1982 book by R.F. Probstein and 
R.E. Hicks, has been republished by pH Press. Although 
obviously out of date with respect to recent advances in syn-
fuels research, this text still provides a good overall introduc-
tion to the subject of synthetic fuels.	 The book was 
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developed as an outgrowth of a graduate course taught at 
the Massachusetts Institute of Technology. It is directed 
toward beginning graduate students and advanced under-
graduates, mainly but not exclusively, in chemical and 
mechanical engineering. 

The 460-page book contains chapters on: 

- Introduction 
- Chemical and physical fundamentals 
- Conversion fundamentals 
- Gas from coal 
- Gas upgrading 
- Liquids and clean solids from coal 
-. Liquids from oil shale and tar sands 
- Biomass conversion 
- Environmental aspects 
• Economics and perspective 

With the clear understanding that this book was published 
almost 10 years ago, it is still deserving of a place on a basic 
synthetic fuels bookshelf. 

TEXACO INTRODUCES PROCESS FOR HYDROGEN 
FROM WASTE GASES 

Hydrogen is a key component for upgrading many synthetic 
liquid fuels to marketable products. Texaco Development 
Corporation (TDC), a subsidiary of Texaco Inc., has 
developed a new application for its gasification technology to 
produce high purity hydrogen using a wide variety of 
feedstocks including refinery offgas. The technology, which 
carries the trade name HyTEX, produces cleaner refined 
products at a significantly lower cost than competing 
processes while reducing emissions, says Texaco. Thus, new 
environmental standards can be met at a lower cost. 

In the Hfi'EX process, refinery waste gas streams (such as 
fluid catalytic cracking unit, hydrotreater and coker offgases) 
are fed to the gasifier without any treatment. 

Texaco's Puget Sound Refinery in Anacortes, Washington is 
the first refinery to install this technology, following 
economic and operational evaluation of HyTEX versus alter-
native technologies.

"H/rEX is the least complex process offered today for 
refinery hydrogen requirements," said H.R. Homer, presi-
dent of TDC.-just as important, HyTEX is cost-effective 
for both large and small plants. The cost of construction of 
HyTEX systems can be as much as one-third less than the 
cost of competing hydrogen generation technology." 

Homer noted that unlike competitive technology, I-i/rEX 
produces no nitrogen or sulfur oxides emissions and water 
usage is minimal. 

HyTEX is based on existing technology, including: gasifica-
tion; shift conversion; and separation, such as pressure swing 
adsorption. A block flow diagram of the process is shown in 
Figure 1. 

Because the process uses low-value waste gases as 
feedstocks, it has an inherent cost advantage over the produc-
tion of hydrogen by conventional steam reforming of natural 
gas. 

One of the driving forces behind the development of the 
HyTEX process was the increasing hydrogen demand for 
United States gasoline and diesel refining which will occur in 
the 1990s. 

In comparing HyTEX against steam methane reforming 
(SMR), Texaco notes a significant difference in that no NO 
is produced in the HyTEX process. In SMR, NO is a 
product of the combustion necessary to provide heat for the 
steam reforming process. This also means that additional 
CO2 is generated per unit of hydrogen with SMR compared 
to gasification. 

The operating cost of the HyTEX unit varies greatly depend-
ing upon the oxygen cost and offgas value. For example, if 
offgas is valued at a fuel gas price of $0.70 to $0.80 per mil-
lion BTU and natural gas is priced at $2 per million BTU, 
then the operating cost for a I-IyTEX unit is significantly 
lower than that of an SMR unit. The closer HyTEX's feed 
gas is priced to natural gas, the closer the operating cost be-
tween steam methane reforming and HyTEX. However, be-
cause of the significantly lower capital cost for HyTEX, 
Texaco says the total levelized cost of hydrogen production 
by HyTEX is still lower than that for steam methane reform-
ing.
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FIGURE 1

A TYPICAL HYTEX PROCESS FLOW DIAGRAM
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RESOURCE 

NRC CALLS FOR IMPROVED ESTIMATION OF 
UNDISCOVERED OIL AND GAS 

Estimating United States undiscovered oil and natural gas 
resources "is necessarily an inexact process," says a National 
Research Council (NRC) committee, but the procedures 
used by the United States Department of the Interior (DOT) 
for a 1989 assessment tended to demonstrate "a systematic 
bias toward overly conservative estimates." The committee's 
report is titled "Undiscovered Oil and Gas Resources: An 
Evaluation of the Department of Interior's 1989 Assessment 
Procedures." 

Two agencies within DOl jointly estimated undiscovered oil 
and gas resources in 1989. The United States Geological Sur-
vey (USGS) and the Minerals Management Service (MMS), 
for the first time, employed an assessment method called 
"play analysis." 

After a detailed examination of DOT's data bases, geological 
methods, and statistical methods, the committee judged that 
there may have been a systematic bias toward overly conser-
vative estimates. NRC was asked to review DOl's assess-
ment methods after members of the natural gas industry ex-
pressed concerns about the results of the assessment. 

Using the play analysis technique, petroleum fields exhibiting 
similar geological characteristics can be grouped into subsets 
called "plays." Various calculations, such as a statistical 
analysis of the history of discovered fields in the play, allow 
analysts to determine whether any additional, untapped 
fields are likely to exist within the group. 

For the 1989 assessment, the USGS examined oil and gas 
onshore and in state waters, while the MMS looked at 
resources for the Outer Continental Shelf.. 

According to the report, four key sources of uncertainty were 
identified by the committee: 

Flay analysis depends on subjective judgments, 
such as determining which petroleum reservoirs are 
similar enough to be included in a particular play. 
Assessors must make "educated guesses" about 
whether certain geologic factors that allow 
petroleum accumulation are present. 

Because the database is limited, so is the assess-
ment based on that database. Some of the 
geologic, production and drilling information is in-
complete or non-existent for certain geographic 
regions.

- Because extraction technology is constantly being 
improved to recover oil and gas more efficiently, an 
estimate can quickly become obsolete. 

Changing economics, such as fluctuations in 
petroleum prices and production costs, affect the 
results of an assessment. 

The committee identified a number of reasons that explain 
why resource estimates might have tended to be overly con-
servative in 1989. These reasons were: 

- Inappropriate definition of play groups 

- Inadequate consideration of "conceptual plays," or 
promising areas that lack discovered reservoirs 

- A flawed mathematical approach to combining un-
certain variables 

- The unintentional imposition of economic factors 
on recoverable resource calculations 

- "Unconventional" sources of natural gas receiving 
too little recognition 

In some cases, both the USGS and the MMS created exces-
sively large plays that contained reservoirs with diverse sys-
tems for petroleum deposition, the report states. The mixing 
of dissimilar plays can lead to a lower estimate. Also, the 
committee found there was insufficient consideration of 
"conceptual plays," or those in areas that do not contain dis-
covered petroleum reservoirs but show promise because of 
specific geological traits. 

In addition, the report says, the DOl's assessment method 
did not take into account "unconventional" sources of natural 
gas. Although significant amounts of oil and natural gas can 
be recovered from unconventional deposits such as low-
permeability sandstones, fractured shale, and coal beds, the 
report says these sources were not factored into the 1989 as-
sessment. 

Improving Future Assessments 

To improve future assessments of undiscovered oil and 
natural gas, the committee outlined specific recommenda-
tions in five general categories: 

Expanding Assessment Boundaries. The com-
mittee urged DO! to include estimates of natural 
gas recovered from unconventional sources, and 
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said that assessors should calculate total estimates 
of undiscovered oil in the ground before imposing 
economic and technical limits on future recovery. 

Agency Management. To increase confidence in 
the assessment process, agency managers should 
establish a permanent group of specialists. The 
report says this group should focus on data valida-
tion, training of geologists in assessment methods, 
and more aggressive use of modern statistical 
methods. 

- Improving Databases. The committee recom-
mended periodic audits of drilling, geological, and 
geophysical databases which could then be used to 
expand and refine existing databases. The com-
mittee also urged the USGS to obtain onshore sub-
surface data such as seismic reflection profiles. 

- Statistical Methods. Several statistical approaches 
should be revised to increase the reliability of the

assessment results. The committee recommended 
using more objective techniques in areas with suffi-
cient data; conducting tests to evaluate the validity 
of some probabilistic assumptions; carrying the 
range of expert opinion to the final estimates 
rather than averaging them early in the process; 
developing explicit criteria for estimating the proba-
bility that a play contains petroleum; and provid-
ing periodic training to the staff in probability as-
sessments.	 - 

Assessment Results. In the future, the report 
states, agencies should emphasize the range of un-
certainty of all estimates. 

"Incorporating the committee's recommendations in future 
resource assessments is likely to result in significant changes 
in the estimates of undiscovered oil and gas," the report con-
cludes.
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RECENT GENERAL PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Council on Alternate Fuels meeting, Alternate Energy '91, held in Scottsdale, Arizona, 
April 16-19: 

Kinney, S., 'Toward a Global Warming Treaty." 

Frank, ME., 'Mobile Source Provisions of the Clean Air Act: Impact on Refining & Petrochemicals.' 

Bernhart, U., 'Now that the War is Over ... What Next?' 

Gentile, R.H., 'Fossil Fuels & National Energy Strategy.' 

Batla, RJ., Jr., 'Europe's Energy/Environmental Challenges.' 

Fukumizu, T., 'Japan's Energy Strategy.' 

GENERAL-PATENTS 

'Process for the Reprocessing of Carbon Containing Wastes,' Kurt Erdt, Mel Giehr, Karl-Heinz Keim, Joachim Korif - Inventors, 
Rheinische Braunkohlewerkó AG, Rheinische Braunkohlenwerke AG, United States Patent Number 4,982,027, January 1, 1991. This 
invention relates to an improved process for the reprocessing of carbon containing wastes by pretreating the same thermally in the 
presence or absence of hydrogen, followed by hydrogenation of the pretreated material at elevated temperature and at least 200 bar 
hydrogen pressure. 

'Pyrolysis Methods with Product Oil Recycling,' Chang Y. Cha, Michael Duc, Curtis J. Hogan - Inventors, Western Research In-
stitute & ILR Services Inc., United States Patent Number 4,983,278, January 8, 1991. A two step retorting process for pyrolyzing a 
solid feed selected from the group consisting of oil shale, tar sand, waste motor oil, and scrap tires to recover valuable products there-
from comprising retorting a mixture of the solid feed in heavy oil at a relatively low temperature, recycling the oil formed back to the 
first step, and completing the pyrolysis of the residue formed at a higher temperature in the absence of product oil recycling. Ap-
paratus is provided including a means for feeding and soaking the solid feed, a HSPR, an IFBC, and means for handling product liq-
uid and gas. 

"Process for the Hydrogenation of Liquid Charge Materials which Contain Carbon," Ulrich Boenisch, Alfons Feuchthofen, 
Wolfdieter Klein, Claus Strecker - Inventors, Veba Oel AG, United States Patent Number 4,983,279, January 8, 1991. A process for 
the hydrogenation of a liquid hydrocarbon containing charge material, comprising the steps of supplying a high temperature high pres-
sure liquid phase hydrogenation reactor with two separately and indirectly heated charge streams, (a) a primary charge stream com-
prising liquid hydrocarbon oils, oil residues, syncrudes, tars or pitches and optionally coal, and hydrogen-containing gas, and (b) a 
directly heated secondary gaseous charge stream comprising hydrogen-containing gas, and combining said indirectly heated primary 
charge stream and said indirectly and directly heated secondary charge stream prior to said liquid phase hydrogenation reactor, 
hydrogenating the combined streams to produce a hydrogenation product and separating the hydrogenation product in a hot 
separator to give a hot separator head product; wherein said indirectly heated primary and secondary charge streams are heated by 
separate heat exchange means by heat exchange with said hot separator head product, and said secondary charge stream, after heat-
ing by heat exchange, is directly heated with a hydrogenation gas heater. 

"Process and System for Low-Temperature Carbonization of Oil Shale, Oil Sands or Similar Oil-Bearing Solids,' Gerd Brunner, Till 
Dehrmann, Jurgen Hoffmann, Konrad Kunstle - Inventors, Siemens AG, United States Patent Number 4,994,174, February 19, 1991. 
A process and system for low-temperature carbonization of oil shale, oil sands and similar oil-bearing solids includes low temperature 
carbonization of oil-bearing solids in a high pressure fluidized bed reactor in the presence of a substance selected from the group con-
sisting of hydrogen and steam at temperatures substantially between 4000 and 600°C for producing low-temperature carbonization 
gas. The low-temperature carbonization gas is condensed in at least two stages for producing relatively higher boiling and relatively 
lower boiling oil fractions. The oil-bearing solids are peripherally mashed with the higher boiling oil fraction of the low-temperature 
carbonization gas, before introducing the oil-bearing solids into the high-pressure fluidized bed reactor. The oil-bearing solids 
mashed with the higher boiling oil fraction are returned to the high-pressure fluidized bed reactor. 
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"Syncrude Dedusting Extraction," Jay T. Hargreaves, James L. Taylor - Inventors, Amoco Corporation, United States Patent 
Number 4,994,175, February 19, 1991. A method for dedusting synthetic oil is disclosed. A feed of dust-laden synthetic oil is dis-
solved in a non-polar solvent of at least one alkane containing from 4 to 7 carbon atoms and aggregates of dust material are formed. 
The dissolved dust-laden synthetic oil is then gravitationally separated into a substantially dedusted stream in a dust-enriched stream 
including aggregates formed in the dissolution step. The dissolution and gravitational separation steps are conducted at a tempera-
hire and pressure greater than about 150°F and about ambient pressure and less than about the critical point temperature and pres-
sure of the solvent and the aggregates provide acceptable settling and sludge compression rates. Methods for producing and dedust-
ing oil from synthetic fuel stock are also disclosed.
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COMING EVENTS 

1991 

JUNE 2-5, SYDNEY, AUSTRALIA - Regional Enemy Strategies foc the Future. 

JUNE 3-6, ORLANDO, FLORIDA - 36th International Gas TurbineandAero gnsineConQressand Exposition. 

JUNE 9-15, FRANKFURT am MAIN, GERMANY - International Hydrogen Energy Symposium, 

JUNE 16-21, KARLSRIJHE, GERMANY - Fourth World Congress of Chemical Engineering. 

JUNE 18-19, PALO ALTO, CALIFORNIA - iffi Annual f1 Science Conference. 

JUNE 18-20, LAXENBURG, AUSTRIA - International Ener gy Workshop. 

JUNE 24-26, EVANSTON, ILLINOIS - fjfljj International Symposium on Catal yst Deactivation. 

JUNE 24-28, OXFORD, UNITED KINGDOM - Course on Future for Coal in Power Generation. 

JULY 8-10, HONOLULU, HAWAII - 14th International Conference of the International Association of Energy Economists. 

JULY 8-12, BERLIN, GERMANY - World Gas Conference. 

JULY 11-12, HONOLULU, HAWAII - Coal and the Environment: Asia 2010. 

JULY 16-18, MORGANTOWN, WEST VIRGINIA - METC Contractor's Review Meetin g on Coal-Fueled	 Engines and Gas
Stream Cleanu p Systems. 

JULY 21-AUGUST 3, EDREMIT, TURKEY - NATO Advanced Study Institute on Chemistry and Chemical Engineering of 
CatalyticSolid fj Conversion for 1he Production of Qciii Synthetic fk 

AUGUST 3-9, BOSTON, MASSACHUSETTS - 26th Intersociety Enemy Conversion Engineering Conference. 

AUGUST 4-9, CARACAS, VENEZUELA - 5th UNITAR/UNDP International Conference on Heavy CrudeEnd Tar Sands. 

AUGUST 4-9, BOSTON, MASSACHUSETTS - 26th Intersociet y Energy Conversion Engineering Conference. 

AUGUST 6-9, SILVER CREEK, COLORADO - Confab 2L A Fossil Fuel Meeting. 

AUGUST 13-15, MORGANTOWN, WEST VIRGINIA - METC Contractor's Review Meetin g on Gasificationand QM Stream 
Cleanup Systems. 

AUGUST 15-16, PITTSBURGH, PENNSYLVANIA - Clean Combustion 21 QJ and Lts Conversion to Fuels	 Chemicals

Course. 

AUGUST 18-21, PITTSBURGH, PENNSYLVANIA - American Institute of Chemical En gineers Summer National Meeting. 

AUGUST 25-28, ESPOO, FINLAND - 1991 International S ymposium on Enemy and the Environment. 

AUGUST 25-30, NEW YORK, NEW YORK - 202nd American Chemical Societ y National Meeting. 

AUGUST 26-30, IDAHO FALLS, IDAHO - Fourth International Conference on Processin g and Utilization 21 HIgh 1!th!r. 

AUGUST 26-31, WASHINGTON, D.C. - American Chemical Society Fue ls Division Meeting. 

SEPTEMBER 3-5, BUDAPEST, HUNGARY - 1991 ASME COGEN-TURBO V.
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SEPTEMBER 15-17, BANFF NATIONAL PARK, ALBERTA, CANADA - h Canadian Conference 211 

SEPTEMBER 16-20, NEWCASTLE-UPON-TYNE, UNITED KINGDOM - International Conference on Qg i Science. 

SEPTEMBER 23-24, ESSEN, GERMANY - Lrd Symposium on Biotechnology of Coal and Coal-Derived Substances. 

SEPTEMBER 24, SAN JUAN, PUERTO RICO - Energy '91: Energy for the Americas. 

SEPTEMBER 24-27, BERLIN, GERMANY - Power Plants j] Congress. 

SEPTEMBER 29, CALGARY, ALBERTA, CANADA - 10th CERI International Oil and Gas Markets Conference. 

OCTOBER 6-9, SAN DIEGO, CALIFORNIA - Joint Power Generation Conference. 

OCTOBER 6-9, VANCOUVER, BRITISH COLUMBIA, CANADA - 41st Canadian Chemical En gineering Conference. 

OCTOBER 13-16, WASHINGTON, D.C. -Ninth International Conference on Qi Research. 

OCTOBER 14-16, WELLINGTON, NEW ZEALAND - 4th New Zealand Coal Conference. 

OCTOBER 14-18, PITTSBURGH, PENNSYLVANIA - Ei ghth International Pittsburgh Coal Conference. 

OCTOBER 16-17, SAN FRANCISCO, CALIFORNIA - 	 EPRI Coal Gasification Power Plants Conference. 

OCTOBER 20-25, BUENOS AIRES, ARGENTINA - Thirteenth World Petroleum Congress. 

NOVEMBER 12-15, FIRENZE, ITALY - IN International Symposium M Alcohol Fuels. 

NOVEMBER 13-15, LEXINGTON, KENTUCKY - 1991 Eastern 211 Shale Symposium. 

NOVEMBER 17-21, LOS ANGELES, CALIFORNIA -American Institute of Chemical En gineers Annual Meeting. 

NOVEMBER 19-22, ORLANDO, FLORIDA- Fourth International Conference on Stability and Handling of Liquid Fuels. 

DECEMBER 4-6, TAMPA, FLORIDA - Power-Gen '9L 

DECEMBER 9-11, MIAMI BEACH, FLORIDA - International Conference on Alternative Ener gy Sources. 

DECEMBER 9-12, CHICAGO, ILLINOIS - 4th International Q. 211. Coal and Environmental Biotechnology Symposium. 

DECEMBER 11-13, MIAMI, FLORIDA - Annual Conference of the International Association of Hydrogen Energy. 
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PROJECT ACTIVITIES 

UNOCAL CLOSES PARACHUTE PROJECT 

After investing over $12 billion in the Parachute Creek 
Shale Oil Project, Unocal Corporation is calling it quits. On 
March 26, 1991, Unocal announced that production opera-
tions at Parachute, Colorado would be suspended effective 
June 1. 

The retort will be shut down on June 1, but the upgrader will 
continue to operate for another 4 to 6 weeks, processing the 
accumulated shale oil until it is depleted. Once the facility 
has been completely shut down, an environmental monitor-
ing crew will remain at the plant indefinitely. 

Unocal began construction of its shale oil project in 1981, 
and completed construction in 1983 at a cost of $650 million. 
The project includes a mine, a shale retorting plant, a raw 
shale oil upgrading facility, provisions for disposal of the 
retorted shale, and support facilities. The plant was 
designed to process 12,800 tons of shale and produce 
10,000 barrels of shale oil per day. 

The project, however, was plagued with problems from the 
beginning. Actual production was not achieved until mid. 
1986. From 1983 to 1986, Unocal spent another $350 million 
trying to achieve startup. In 1987, the plant produced about 
500,000 barrels of synthetic crude oil, and in 1988 production 
doubled to about 1 million barrels. Production in 1989 was 
.1.1 million barrels of oil and 1990 production totaled 
1.5 million barrels. During this period of operation, Unocal 
spent another $200 million, bringing total investment in the 
project to an estimated $1.2 billion. 

In 1980, Congress created the Synthetic Fuels Corporation, 
which in order to get Unocal to invest hundreds of millions 
of dollars in an oil shale processing plant, in 1981 negotiated 
and signed a price support agreement with the company. 
The agreement says that Unocal will sell its synthetic crude 
oil at the prevailing market price and the government will 
make up the difference between that price and the agreed 
upon support price. 

The initial agreement was a price guarantee of $42.50 per 
barrel of oil with an inflation factor written in to allow for 
increases over time. More recent price supports have been 
in the $54.00 per barrel range. The contract would have 
provided a maximum of $400 million in price supports over a 
10-year period, expiring in 1996. Since 1986 Unocal has 
received approximately $115 million, leaving $285 million 
that will apparently go unclaimed. 

Unocal's production costs have been running about 
$57.00 per barrel and the plant has consistently operated in 
the red since its initial startup. Technical glitches have 
caused frequent and lengthy shutdowns of the project. In

1989, the company reported a $22 million loss, and even 
though 1990 was its best year ever, with 1.5 million barrels 
produced, an after tax loss of $7 million was reported. 

The plant has never been able to produce the 10,000 barrels 
of oil per day that it was designed to produce. Production at 
that level for 330 days a year would have resulted in an an-
nual output of more than 3 million barrels. However, when-
ever production was pushed above 6,500 barrels a day, 
mechanical problems would occur. 

In 1990, it seemed as though significant progress was being 
made toward achieving design production levels. However, 
technical problems shut the plant down for the first 3 months 
of 1991. It was at this point that R.J. Stegemeier, Unocal's 
chairman, made the announcement that Unocal would 
suspend plant operations on June 1, 1991, after 5 years of 
troubled operations. 

The shutdown was not unexpected after the retirement of 
Unocal chairman Fred Hartley. Drawn by the estimated 600 
billion barrels of recoverable shale oil in the region, Unocal, 
then known as Union Oil of California, began purchasing 
property in the Parachute Creek area in the early 1920s. In 
1939, Fred Hartley joined the company after obtaining a de-
gree in chemical engineering from the University of British 
Columbia. The topic of Hartley's college thesis was shale oil. 

Hartley was named president and chief executive officer of 
Unocal in 1964, and in 1974 he became chairman of the 
board of directors. Hartley is credited with making Unocal a 
world leader in the development of oil shale. He led the ef-
fort to build the Parachute Creek Shale Oil Project, the first 
commercial scale project of its kind in the United States. 

From the beginning, the project was an uphill struggle, but 
Hartley was unwavering in his support. Unocal's production 
facility finally recorded 8 consecutive days of sustained 
production for the first time in July 1986. The plant's first 
synthetic crude oil was shipped the following December. 

In June 1987, with mounting capital costs taking their toll on 
the company, Unocal decided not to proceed with plans for a 
fluidized bed combustor at the facility. However, operations 
continued and the plant shipped its one-millionth barrel of 
synthetic crude in August 1988. The retort facility achieved 
record daily production of 7,000 barrels per day in October 
1989. In 1990, daily production averaged 6,000 barrels with 
production reaching 1.5 million barrels by year end. In spite 
of increasing production levels, the company sustained losses 
amounting to nearly $30 million for those 2 years. 

Figure 1 depicts the erratic nature of Unocal's shipments of 
synthetic crude oil over the life of the project. Table 1 
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FIGURE 1 

UNOCAL OIL SHIPMENTS 
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(page 2-3) gives the shipment amounts, by month, since the 
plant's first shipment in December 1986. 

In June 1988, Hartley stepped down and turned Unocal over 
to Stegemeier, leading to speculation that the project's days 
were numbered. - Stegemeier made it clear that he would not 
continue to indulge the project; it would have to stand on its 
own or it would be closed down. During this time, however, 
Hartley remained on the board and the red ink continued to 
flow. 

Hartley died in October 1990, at the age of 73. In March 
1991, Stegemeier announced Unocal would suspend its opera-
lions at the Parachute Creek project. 

Saying that Unocal could no longer continue to sustain the 
huge financial losses attributed to the Parachute Creek 
project, Stegemeier says it was time to shut the operation 
down and look at alternatives. He says the company will 
analyze the plant's operations and look for technical improve-
ments and ways to make it more economical and efficient. 

Unocal will discuss possible alternatives with the Bush ad-
ministration and congressional officials. One possibility

would be for the project to reopen as a government operated 
research facility. Some oil shale supporters say that without 
an organized, well-funded research program, history is 
doomed to repeat itself with the continuing cycle of boom 
and bust extremes.

#111 

LLNL MAKES FIRST FULL SYSTEM RUN ON 4 TPD 
PILOT PLANT 

Lawrence Livermore National Laboratory (LLNL) reported 
in April that it had completed the first full system run on its 
hot-recycle-solids (HRS) test facility. 

The 4-tonne-per-day laboratory facility is designed to test 
key components of LLNL's HRS process, using commer-
cially sized shale, prior to finalizing design for a larger field 
test. 

Identified in Figure 1 are rive key components which corn-
promise the LLNL HRS process: 
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TABLE 1
FIGURE 1 

UNOCAL OIL SHALE SHIPMENTS 
(Thousand Barrels) SCHEMATIC OF 

HOT—RECYCLE SOLID PROCESS 
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-	 A delayed-fall combustor, with a 5-second solid riii ) 
residence time 

A fluidized bed classifier to control solid discharge
All nIEUMA1C 
LIFT PIPE 

and provide a pressure differential to balance the P' PACKED-BED
loop 

A high throughput, short residence time, fluid bed 
mixer 

A moving packed bed pyrolyzer with crossflow gas 
sweep Air 

An air pneumatic lift pipe combustor 

LLNL representatives say they are continuing discussions 
with several major oil companies about joint support for a 
100-tonne-per-day pilot plant, which would be the logical
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next step in development of the HRS process. For logistical 
and other reasons, such a pilot plant would probably be con-
structed in the oil shale area. An obvious thought is to carry 
out such a program at Unocal's Parachute Creek facility 
after it is shut down this month. 

UNOCAL SHUTDOWN AGAIN LEAVES FRUIFA 
REFINERY IN THE LURCH 

Landmark Petroleum, Inc. no sooner began producing 
gasoline, kerosene and diesel fuel by upgrading and refining 
shale oil produced at Unocal's Parachute Creek facility than 
Unocal announced it would suspend its operations at the oil 
shale plant effective June 1, 1991. 

Landmark purchased the Fruita refinery, known as the West-
ern Slope Refining Company, in late 1990. The refinery was 
already equipped with most of the processing hardware 
needed by Landmark to produce clean transportation fuels 
that satisfy low sulfur specifications that go into effect in 
1993. (See the jçç Synthetic Fuels Report, March 1991, 
page 2-3.) Modifications to make the refinery operational

for Landmark's purposes were completed in early March 
1991 when the refinery began receiving crude oil shipments. 

Landmark began shipping refined products from the refinery 
in late March. Unocal's announcement came on March 26. 
According to P. Cravey, vice president of Landmark 
Petroleum, the refinery has been processing between 3,000 
and 4,000 barrels per day of Unocal shale oil from the 
Parachute Creek facility. Cravey says the refinery will con-
tinue to process Unocal's shale oil as long as it is available, 
although he admits he does not know how long that will be. 
The close proximity of the two facilities made Unocal's shale 
oil a very convenient source of crude oil for the Fruita 
refinery. 

The Fruita refinery employs 137 workers full-time with an 
annual payroll of over $5 million. J. Nowlin, vice president 
for refining in Fruita, says the refinery will produce 12,000 to 
15,000 barrels of refined oil per day. 

According to Cravey, the refinery operations are not depend-
ent on shale oil from the Parachute Creek facility. He said 
that feedstock fuels will likely come from a variety of 
sources. It appears, however, that Unocal will no longer be 
one of those sources.

###1 
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CORPORATIONS 

HAMPSHIRE ENERGY PROPOSES OIL SHALE AND 
COAL TO METHANOL AT UNOCAL SITE 

Hampshire Energy proposes to build a plant where methanol 
fuel can be produced from oil shale and coal. Siting the 
plant at Unocal's oil shale retorting facilities near Parachute, 
Colorado would improve its economics considerably, says 
Hampshire. The current mining operation and much of the 
processing equipment could be used. 

According to Hampshire Energy, preliminary feasibility 
studies show that methanol fuel can be produced from oil 
shale and coal at a cost competitive with methanol produced 
from natural gas. It can compete, at current prices, with 
gasoline, liquefied petroleum gas, diesel fuel or jet fuel. The 
plant can be designed to produce any of these conventional 
fuels at competitive prices. 

The Hampshire Energy process, designed to produce 
methanol from oil shale and coal, also produces chemical 
byproducts, i.e., anhydrous ammonia, elemental sulfur and 
carbon dioxide. Hampshire is also investigating the produc-
tion of an ultra-light cement from the coal ash and the spent 
shale.

Hampshire. Removal of the higher hydrocarbons and water 
is not only not necessary, but is not recommended because 
pure methanol causes problems in methanol engines. These 
include higher emissions of nitrous oxides, unstable ignition 
and plugging of fuel injectors. 

It is claimed that the Hampshire plant can also be designed 
to produce another clean fuel, hydrogen, again at prices com-
petitive with conventional fuels, including compressed 
natural gas. 

Hampshire Energy proposes to build the first plant to 
produce 1,960 tons per day of methanol fuel from 8,000 tons 
of oil shale and 1,000 tons of coal. An additional 200 tons of 
coal will be used as plant fuel. Byproducts include 190 tons 
per day of anhydrous ammonia, 40 long tons of elemental sul-
fur and 2,500 tons of carbon dioxide. Table 1 lists the plant 
feedstocks, products and byproducts. 

Hampshire says that economic evaluations have not yet in-
cluded recovery and sale of carbon dioxide. Nor have 
economic evaluations included production of ultra-light ce-
ment from coal ash or spent shale. 

TABLE 1 
According to Hampshire, the process minimizes the use of 
water resources and meets all state and federal environmen-
tal regulations. No experimentation or demonstration is re-
quired because all technologies are already in commercial 
use. 

Prepared oil shale and a prepared high volatile sub-
bituminous coal, like that now being produced in the area, 
are fed to the Hampshire unit. The feeds are processed to 
produce a crude synthesis gas, a mixture of carbon monoxide 
and hydrogen. The gas also contains carbon dioxide, am-
monia, water vapor, hydrogen sulfide and carbonyl sulfide. 
The hydrogen to carbon monoxide ratio will be ap-
proximately 0.75. 

To be suitable for methanol synthesis, this ratio must be ad-
justed to slightly above 2.0. This adjustment is accomplished 
in a crude gas shift conversion where steam reacts with car-
bon monoxide to produce hydrogen and carbon dioxide. 
The shifted gas is then treated to remove sulfur compounds 
which would poison the methanol synthesis catalyst. The gas 
purification unit also removes excess carbon dioxide. 

The purified gas is then passed over a methanol synthesis 
catalyst where carbon monoxide reacts with hydrogen to 
produce methanol. The methanol will contain some heavier 
alcohols, traces of acids and 5 to 7 percent water. 

Tests by Southwest Research in San Antonio, Texas have 
shown this to be an ideal clean burning fuel, according to

HAMPSHIRE ENERGY
SHALE & COAL TO METHANOL 

Feeds 
Coal	 1,200 tons per day 
Oil Shale	 8,000 tons per day 
Water

Products 
Methanol 2,000 tons per day 
Anhydrous Ammonia 190 tons per day 
Elemental Sulfur 40 long tons per day 
Carbon Dioxide 2,500 tons per day

#fl# 

SOUTHERN PACIFIC PETROLEUM REVIEWS OIL 
SHALE ACTIVITIES 

Southern Pacific Petroleum N.L. (SPP) and its affiliate 
Central Pacific Minerals N.L. (CPM) have been actively 
developing an Australian oil shale industry based on their ter-
tiary oil shale deposits in Queensland. SPP/CPM began oil 
shale exploration in Australia in 1973 and their joint interests 
are now centered on eight oil shale deposits in which total in 
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situ resources approximate 27 billion barrels of oil. The two 
companies' net interest in these resources amounts to 
20 billion barrels. 

In providing a foundation for an Australian shale oil in-
dustry, SPP/CPM and their partners have been involved in 
14 years of studies with 16 major technical groups in S 
countries for a total expenditure of more than $150 million. 

Current activities are focused on the initial development of 
the Stuart deposit. The companies plan to construct a com-
mercial demonstration plant using Canadian technology with 
the ultimate goal of developing full scale commercial opera-
tions. 

SPP's annual report for 1990 provides the following review 
of the companies' oil shale operations. 

Stuart Project 

Most of the companies' activities are focused on launching 
the first oil shale commercial development project at the 
Stuart deposit: SPP/CPM have received proposals for the 
construction of a 6,000 ton per day plant from two major in-
ternational engineering companies. 

SPP/CPM have been negotiating a defmitive agreement with 
one or the other engineering companies regarding a fixed 
price construction contract for Stuart Stage 1 and the re-
quired performance guarantees in relation to financing the 
project. 

In the years since the initial discovery of the Stuart deposit, 
which is situated 12 kilometers northwest of the industrial 
city of Gladstone in Queensland, the companies have 
progressed towards development of this resource. The loca-
tion of the Stuart oil shale deposit is shown in Figure 1. 

The Stuart deposit has been identified by the companies as 
the foremost oil shale deposit in which to initiate develop-
ment. According to the report, the principal advantages of 
this resource are its close proximity to infrastructure (power, 
water, workforce, port facilities, etc.), its suitability for cost-
effective open-cut mining and the presence of high-grade oil 
shale (Kerosene Creek Member) towards the surface. 

In 1986, SPP and CPM recognized the advantages of adapt-
ing Canadian technology, developed for the production of 
syncrude from Alberta's oil sands, for application to oil shale 
resources in Australia. 

Bulk tests were conducted through the Calgary pilot plant of 
the AOSTRA Taciuk Processor upon which subsequent 
plant design has been based. The oil shale processing ap-
plication of this technology, owned by AOSTRA (Alberta 
Oil Sands Technology and Research Authority), was secured 
for license fee free use by SPP and CPM.

FIGURE 1 
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SOtPcE: SPP ANNUAL REPORT 1990

The companies believe the key to development of the Stuart 
deposit is the construction and successful operation of a com-
mercial demonstration plant (Stage I) and subsequent expan- 
sion to a commercial module (Stage 2) and full commercial 
plant (Stage 3). This progression is illustrated in Figure 2. 

During 1990, with the technical work program of the Stuart 
Stage 1 development substantially completed, the companies 
directed their attention to financing the project. To this end, 
SFP and CPM engaged two internationally accepted en-
gineering groups to, separately, make a detailed study of the 
project data and undertake verification of design, operability 
and costs. They were also asked to submit proposals which 
would include construction of the Stage 1 plant at a fixed 
cost and responsibility for plant performance. 

The two engineering groups undertook this assignment 
which was substantially broader than a contractor's normal 
obligation and consequently resulted in an unusually 
thorough review of the design and cost. 

Their work was completed in early January 1991. A detailed 
review of this work indicated that on a comparable basis the 
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project capital and operating cost estimates of the two com-
panies and the two engineering groups are all within a 
10 percent spread. 

Rundle 

According to the report, the development of the Rundle oil 
shale deposit continues to progress under Esso Australia 
Resources Limited as operator of the Rundle Project. 
During 1990, Exxon Research and Engineering group in the 
United States continued studies with respect to upgrading of 
the shale oil. In Australia, the work focused on land manage-
ment and waste management studies and other process and 
environmental aspects of the Rundle project. These ongoing 
programs will continue through 1991.

Condor, Duaringa, Lowmead, Nagooiin, Nagoorin South 

A 2-year experimental work program involving oil shales 
from the above deposits was completed during the year at 
the CSIRO (Commonwealth Scientific and Industrial 
Research Organization, Division of Coal and Energy Tech-
nology) facility at Lucas Heights. The program used test 
equipment which integrates the retorting and combustion 
steps of the process. 

Characterization studies on the reaction of minerals in these 
oil shales during retorting and combustion also continued. 
Such reactions affect the amount of heat required during 
retorting and combustion and thus have a bearing on capital 
and operating costs. The first phase of this work is nearing 
completion at CSIRO. 

Additionally, these oil shales were subject to work at Mac-
quarrie University designed to yield data relating to upgrad-
ing each of the shale oils to a syncrude. 

The collaborative projects with CSIRO are partly supported 
by grants from the National Energy Research, Development 
and Demonstration Program. 

Yaamba 

Peabody Australia Lid., managers of the Yaamba oil shale 
joint venture, continued exploration and development 
studies at the Yaamba and Herbert Creek oil shale deposits. 
A program of three holes (644 meters, of which 346 meters 
was cored) was undertaken in the Block Creek area, at the 
southeast of the Herbert Creek deposit. 

GEOKINETICS AND MAGIC CIRCLE ACTIVE IN UTAH 
SHALE LEASING 

Geokinetics Releases Kamp Kerugen Lease 

Geokinetics Inc. has submitted a letter of relinquishment to 
all rights and interest in Oil Shale Lease ML 24276-A. This 
is the lease upon which the Kamp Kerogen oil shale extrac-
tion test facility is located. 

Geokinetics has requested that this lease be offered for com-
petitive bid for the issuance of a new oil shale lease. The 
company presently has a $100,000 bond to ensure reclama-
tion of the site and intends to acquire new lease rights to 
these lands. 

The director of Utah's Division of State Lands and Forestry 
has approved the relinquishment of the lease subject to the 
assumption by Geokinetics of complete responsibility for 
reclamation of all existing oil shale development distur-
bances to these lands. 
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New Oil Shale Lease Applications Approved	 recommendation, the director of the state lands approved 
the high bid for the first year's rental, $1.00 per acre per an-

The applications listed in Table 1 were filed for oil shale 	 num thereafter, and royalty as provided in the lease form 
lease on lands offered by simultaneous offering. Upon 	 approved by the Board of State Lands. 

TABLE 1

UTAH OIL SHALE LEASES APPROVED 

Mineral Lease App!. No. 45123 	 Uintah County 
Geokinetics, Inc. 	 250.59 acres 
Salt Lake City, Utah 

Mineral Lease AppI. No. 45124 Uintah County 
Geokinctics, Inc. 640.00 acres 
Salt Lake City, Utah 

Mineral Lease AppI. No. 45125 Uintah County 
Geokinetics, Inc. 1,280.00 acres 
Salt Lake City, Utah 

Mineral Lease AppI. No. 45251 Uintah County 
Magic Circle Energy Corporation 1,480.00 acres 
Oklahoma City, Oklahoma 
Only Bid: $3,774.00 

Mineral Lease Appl. No. 45252 Uintali County 
Magic Circle Energy Corporation 640.00 acres 
Oklahoma City, Oklahoma 
Only Bid: $1,280.00 

Mineral Lease AppI. No. 45253 Uintah County 
Magic Circle Energy Corporation 1,765.00 acres 
Oklahoma City, Oklahoma 
Only Bid: $4,500.75 

Mineral Lease AppI. No. 45254 Uintah County 
Magic Circle Energy Corporation 1,280.00 acres 
Oklahoma City, Oklahoma 
Only Bid: $2,560.00 

Mineral Lease Appl. No. 45255 Uintah County 
Geokinetics, Inc. 640.00 acres 
Salt Lake City, Utah 
Only Bid: $979.20

Mineral Lease AppI. No. 45256	 Uintah County 
Geokinetics, Inc. 	 624.28 acres 
Salt Lake City, Utah 
Only Bid:	 $5,075.00
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ECONOMICS 

ECONOMICS OF SHALE OIL MODIFIED ASPHALT 
CONTINUE TO LOOK PROMISING 

The New Paraho Corporation, based in Aurora, Colorado, 
says that it now possesses the proprietary technology and the 
right product to proceed with commercial oil shale develop-
ment. Paraho has proposed a $180 million commercial scale 
plant capable of producing 3,300 barrels of crude oil per thy. 
An economic assessment of this proposal was presented at 
the 24th Annual Oil Shale Symposium at the Colorado 
School of Mines in Golden, Colorado in April. 

In 1986 Paraho began to assess the commercial feasibility of 
using shale oil to improve the performance characteristics of 
asphalt paving materials. A product called SOMAT is the 
asphalt additive developed by Paraho which could improve 
the life and performance of conventional asphalt by as much 
as 50 percent. 

A technical paper, by L.A. Lukens of Paraho, provides the 
following definitions of terms as they are used in the 
economic assessment: 

"Shale oil modifier" or "SOM" is the material that 
results when crude shale oil is converted by use of 
the SOMAT process. 

"SOMAV is the material that results when SOM is 
blended with a conventional asphalt binder. For all 
asphalt mixes examined to date, SOMAT consists 
of a blend of 10 to 15 percent SOM and 85 to 
90 percent conventional asphalt binder, on a per-
cent by weight basis. 

"Asphalt mix" or "asphalt concrete mix" is the 
material that results when SOMAT is combined 
with mineral aggregate. Typically, asphalt mix con-
sists of 5 to 6 percent SOMAT and 94 to 
95 percent aggregate. Asphalt mix constitutes the 
final road paving material. 

The economic feasibility of producing shale oil modified as-
phalt depends on the cost to produce SOM for making 
SOMAT in comparison to the price that SOMAT can be ex-
peered to command in the marketplace. Also, consumer ac-
ceptance of SOMAT will be dependent upon the benefits to 
be derived from its use in comparison to its cost. SOMAT 
must demonstrate significant "life cycle cost" benefits in or-
der to compete effectively for wide-scale use in the 
marketplace. 

Because SOMAT is a simple blend of SOM and conven-
tional asphalt cement (AC), the impact of SOMAT price on 
the installed, or as-laid, cost of asphalt mix depends on both 
the SOM and AC price. This relationship, depicted in

Figure 1, is based on SOMAT consisting of a blend of 
10 percent SOM and 90 percent AC, on a percent by weight 
basis. SOM prices ranging from approximately $75 per bar-
rel to $140 per barrel would result in a 10 percent to 
20 percent increase in the as-laid cost of asphalt mix, accord-
ing to Lukens. 

Paraho's target price of $100 per barrel for SOM would 
result in a 10 to 15 percent increase in the as-laid cost for as-
phalt mix produced from SOMAT. 

According to the Colorado Department of Highways, during 
1989 the average as-laid cost for conventional asphalt mixes 
was $20 per ton, whereas polymer modified asphalt mixes 
averaged $26.60 per ton—a 33 percent increase. Polymer 
modified asphalts are the principal products with which 
SOMAT will have to compete, says Lukens. 

Accordingly, Paraho has established a medium price of 
$100 per barrel for its shale oil asphalt modifier (SOM). 

FIGURE 1 
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This price assumption is supported by a recent study by 
I.E. Sinor Consultants Inc., funded by the United States 
Department of Energy, which determined that SOM would 
be worth $100 per barrel if use of the resulting material 
(SOMA1) resulted in at least a 10 percent increase in pave-
ment life. Thus far, says Lukens, there is evety reason to 
believe that SOMAT will effect at least a 10 percent improve-
ment in pavement life. 

Economic Analysis 

The economic analysis assumes that the SOM production 
facilities would be constructed in northwest Colorado or in 
northeastern Utah. The facility would be designed to 
produce 3,380 barrels of crude shale oil per stream day, of 
which 2,028 barrels would be SOM and 1,352 barrels would 
be light oil which could be marketed to refineries. An excess 
15 megawatts of electrical power is also a potential by-
product of the proposed facility.

requirements for operating the mine and all processing 
facilities, but will not produce any power for export. In addi-
tion, the base case configuration assumes that the raw shale 
fines and the spent shale will be stockpiled or disposed of on 
the surface. 

As an alternative, the conventional power plant could be re-
placed with a fluidized bed power production facility which 
would be used to combust the raw shale fines, spent shale 
and retort product gas, resulting in approximately 
15 megawatts of power available for sale. In addition, the 
flue gas desulfurization unit could be eliminated. Prelimi-
nary estimates indicate that $12 million to $15 million in addi-
tional capital cost would be required and approximately 
$3.5 million of additional annual revenues would result if this 
alternative were selected. 

The economic assumptions used for the analyses are given in 
Table 1. 

The base case plant configuration contains a conventional 	 The project schedule provides for 48 months from initiation 
gas fired power plant and flue gas desulfurization unit. This 	 of the project until full production capacity is attained. The 
power plant, which utilizes the product gas from retorting, 	 startup schedule provides 9 months to achieve full produc-
produces sufficient electrical power to satisfy all of the power	 tion capacity after plant operations are initiated. 

TABLE 1

ECONOMIC ASSUMPTIONS

Steady State Production Capacity: 
Light Oil 444,130 barrels/year 
Shale Oil Modifier (SOM) 666200 barrels/year 

Product Prices, fob plant 
(in mid 1990 dollars) 

Light Oil $22.00/barrel 
Shale Oil Modifier (SOM) $100.00/barrel 

Capital Cost $179,185,000 
(in mid 1990 dollars) or $538/barrel 

Operating Cost $18,410,000/year 
(in mid 1990 dollars) or $16.58/barrel 

Working Capital 
(in mid 1990 dollars) 60 days of operating cost 

Method of Financing 100% equity 
Depreciation Tax Life 7 years 
Depreciation Option Double declining balance 
Depletion Allowance 

Point of Depletion Crude shale oil 
Market Value (in mid 

1990 dollars) 80% of total revenues 
Percentage Depletion 15% 

Income Tax Rates 
Federal 35% 
State 5% 
Combined 373% 

Economic Plant Life 30 years
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Three different inflation and product pricing scenarios were 
analyzed: 

Case 1: Assumes constant 1990 dollars for both 
costs and product prices; or 0 percent inflation for 
the life of the project. 

- Case 2: Assumes 5 percent inflation as applied to 
both costs and product prices, starting in year 1 and 
continuing for the life of the project. 

Case 3: Assumes 2.5 percent inflation as applied to 
both costs and product prices, starting in year 1 and 
continuing for the life of the project, plus 
2.5 percent real growth in product prices until the 
price of light oil reaches $31 per barrel, which oc-
curs in year 7 of the project. 

A comparison of the economic benefits associated with each 
of these three cases is presented in Table 2. 

An assessment of the sensitivity of the project, as measured 
by the discounted cash flow return on investment 
(DCFROL), to variations in the major economic assumptions 
is shown in Figure 2. Figure 2 shows the impact of variations 
(varying from minus 25 percent to plus 25 percent) in the 
base case assumptions for capital cost, operation and main-
tenance (O&M) cost and total revenues on the DCFROI of 
the project under the Case 1 economic assumptions. The 
profitability of the project is most sensitive to variations in 
total revenues, less so for variations in capital cost, and the 
least sensitive to variations in O&M cost. 

Figure 3 shows the cumulative effect of these variations on 
the DCFROI for both the worst and best case scenarios for 
all three cases. The worst case scenario assumes that the 
base case estimates for capital and O&M costs are exceeded 
by 25 percent and that total revenues are reduced by 
25 percent. The best case scenario, on the other hand, as-
sumes that the base case estimates for capital and O&M 
costs are reduced by 25 percent while total revenues are in-
creased by 25 percent.

According to Likens, these sensitivity analyses demonstrate 
that the production of shale oil modified asphalt is economi-
cally viable over a reasonable range of economic uncertainty 
and has a respectable profit-making potential. 

Lukens says that this commercial project for the production 
of shale oil modified asphalt is quite small in comparison to 
most oil shale projects but nonetheless offers several ad-
vantages: 

- Reduced capital exposure, both in terms of dollar 
magnitude and payback time 

- Less market risk in comparison to products to be 
used for fuel applications 

- Reasonable scaleup risks in comparison to the 
scale at which the key technologies have been suc-
cessfully demonstrated 

The opportunity to gain valuable experience in the 
construction and operation of oil shale plants prior 
to future expansion to serve fuel and non-fuel 
markets 

The opportunity to better understand and effec-
tively deal with the environmental and 
socioeconomic impacts at a smaller versus larger 
scale facility 

- Accomplish all of the above while returning a 
profit on the initial investment 

Paraho has announced favorable road testing results for 
SOMAT for all the major contributors to asphalt road 
failure. According to the company, test results show 
SOMAT is superior to both conventional and polymer 
modified asphalts for stripping, aging and rejuvenation of 
recycled asphalt. 

Monitoring will continue for another 3 years on the eight 
shale oil road test strips Paraho constructed in 1989 in 

TABLE 2 

ECONOMIC

Case 	 Case 	 Caw 3 

DCFROI (%) 22.05 27.60 28.09 
Net Present Value ($MM) 

@10% 162.12 395.62 333.52 
@20% 12.16 63.08 59.60 

Payback Occurs Between Years 6-7 5-6 5-6
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FIGURE 2 

ECONOMIC SENSITIVITY: CASE 1 
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Colorado, Wyoming and Utah. Marathon Oil Company is 
assisting Paraho in expanded road tests to be built in other 
climatic regions and potential markets. A new test strip was 
just completed on 1-20 east of Pecos, Texas. Construction is 
currently underway in Michigan for a test section of 1-75
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north of Flint. Additional test strips will be built on 1-70 east 
of Denver, Colorado and US-59 northeast of Houston, 
Tan
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TECHNOLOGY 

RADIO FREQUENCY IN SITU PROCESS UPDATED 

Work at the Illinois Institute of Technology Research In-
stitute (HTRI) has focused on in situ extraction of shale oil 
using electromagnetic heating at radio frequencies. IITRI's 
J.E. Bridges and G.C. Sresty recently authored a paper which 
provides an update on the process developed at the institute. 

The authors say that the use of electrical energy offers a fun-
damentally different method of heat transfer for the process-
ing of oil shale. The electrical heating method is volumetric, 
that is, it heats from within.. This method can circumvent 
many of the difficulties associated with conventional shale oil 
extraction methods, which require mining, crushing, and 
rapid heating of oil shale particles. 

Electrical energy currently plays only a small role in the 
production of oil and gas, other than for energizing the 
pumps. Properly applied, however, it has major economic 
and environmental advantages over the more conventional 
thermal processes used to extract shale oil or other fuels 
from oil sands or heavy oil deposits. 

In the late 1970s IITRI began examining the use of radio-
frequency (Rfl energy to heat, via dielectric absorption, in 
situ oil shale deposits. In 1984, the Bechtel Group, with par-
tial funding from Occidental Corporation, reviewed the en-
vironmental and economic impacts of this in situ RF technol-
ogy for oil shale. Bechtel concluded that, because the 
process is almost completely in situ and because combustion 
need not be conducted on site, all environmental impacts 
were greatly reduced. Based on such assumptions as 
25 gallon per ton shale and a coal fired power plant with a 
35 percent thermal efficiency, the economies were attractive: 
one-fourth to one-half the capital cost of a conventional 
shale oil plant, and profitable operation at a sales price of 
$25 to $35 per barrel. 

Technological advances since that time would further im-
prove the economics of the RE process. The efficiency of 
gas turbines, especially in a combined cycle mode, is now 
about 50 percent. This means that nearly all of the power 
requirements for the RF process can be fueled from the 
high-BTU offgases generated from the in situ heating. A 
higher efficiency for transistorized RE generators has also 
been demonstrated. 

According to the paper, shale oil can be produced in the 
$20 per barrel range by processing 35 gallon per ton shale 
using a combined cycle power plant with a 50 percent ther-
mal efficiency.

Advantages of In Situ Dielectric Heating 

One advantage of dielectric RF heating is that it can poten-
tially heat in situ an entire warehouse-sized volume of shale 
nearly simultaneously. Only limited access is needed to just 
two sides of the volume to be heated, and the environment 
around the heated volume can be controlled. In addition, 
the combustion to generate the electrical power need not be 
on-site, thereby minimizing air quality impacts. Because 
crushing is not needed, an in situ process becomes possible, 
eliminating the need for mining and subsequent disposal of 
spent shale. Also, longer heating times with a resultant 
lower final retorting temperature become possible, thereby 
avoiding the generation of CO2. 

Based on published data, the Unocal shale oil retorting 
process generated about 220 pounds of CO  per million 
BTU of produced raw shale oil. For the RE process, says the 
paper, if an electrical power generation plant is fueled by 
uranium, natural gas, or coal, the respective contributions 
are 0, 48, and 81 pounds of CO2 per million BTU of raw 
shale oil, assuming an electric power plant efficiency of 
45 percent for natural gas and 40 percent for coal. 

Key Feasibility issues 

During an initial examination of an approach suitable for in 
situ RE heating, it was found that simply dropping antennas 
into boreholes would not work. This approach overheated 
the oil shale near the borehole and both underheated and 
under-retorted it some distance away. 

The result was that only about one-third of the RE energy 
was effectively utilized, leading to serious overall thermal in-
efficiency. This overheating and underheating has been ex-
perimentally observed by monitoring the temperature in-
crease at radial distances of 03, 4.5, and 15 feet away from a 
0.5-foot-diameter, 45-foot-long vertical cylindrical antenna-
like field exciter embedded in a 50-foot-thick, 300-foot-deep 
heavy oil deposit. 

To overcome this limitation, UTRI staff developed a method 
of uniformly heating the oil shale by dielectric heating within 
the confines of multiple rows of parallel conductors placed 
into the deposit. These rows of conductors simulate parallel 
conducting plates, creating a uniform field and therefore 
causing uniform heating. Figure Is depicts the parallel con-
ducting plates and Figure lb the rows of parallel expendable 
conductors that simulate the parallel plates. These conduc-
tors form a non-radiating cavity similar in performance to a 
microwave oven, except that lower frequencies are used. In 
tar sand field tests, almost all of the applied energy was ob-
served to be absorbed in the deposit. 

SYNThE'IlC FUELS REPORT, JUNE 1991 
2-13



FIGURE 1 

IITRI METHOD OF
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Figure 2 (next page) illustrates a possible commercial version 
of the RF in situ oil shale extraction process using parallel 
rows of expendable conductors. 

From mined galleries, boreholes are formed, into which ex-
pendable conductors are inserted and then connected by 
coaxial cables to the 90 percent efficient RF generators on 
the surface. When these conductors are excited, the oil shale 
deposit is more or less uniformly heated to temperatures 
suitable for long-term retorting. The kerogen in the oil 
breaks down during the heating process, forming intercon-
necting void spaces and thereby developing permeability, so 
that the fluids are produced via the boreholes. The 
produced fluids are collected, carried to the surface, and sent 
to the upgrader. 

In the late 1970s, UTRI, the United States Department of 
Energy, and Halliburton Services conducted four small-scale 
field tests, two in oil shale and two in tar sand. According to 
the paper, these tests established that RE in situ heating 
could be successfully accomplished and that permeability 
could be developed in oil shale as the kerogen decomposed. 
Considerable laboratory and analytical work, some of it bide-
pendent of IITRI, established that a large fraction of the 
high-BTU gas and high quality liquids could be recovered if 
large shale oil blocks were properly heated with RF energy.

Variations of RF Oil Shale Retorting 

Variations of RF oil shale retorting can be considered, says 
the paper. For example, the oil shale process can be used 
for "secondary recovery," wherein the oil shale remaining in 
the pillars of a room-and-pillar mining operation is 
processed with the RF in situ technology. Several 
aboveground variations also might be considered. For ex. 
ample, in the case of a conventional process, an aboveground 
RF process might be considered to treat the finds. In 
another version, the RF process can be considered for com-
plete aboveground processing. In this case, the shale would 
have to be mined and crushed, although larger particles 
would be acceptable. Faster heating rates and higher final 
temperatures would be necessary in order to maintain the 
throughput. These higher temperatures will increase the 
amount of power required and decrease the net energy 
ratios. However, if an on-site combined cycle power plant is 
used, it is conceivable that the hot gases exiting this power 
plant can be used to preheat the oil shale to offset some of 
the higher energy requirements. 

The authors conclude that the "RF dielectric heating process 
is fundamentally different from the currently used methods 
of heat transfer in oil shale, and therefore offers new, un-
explored avenues that may well circumvent the environmen-
tal and economic difficulties associated with conventional 
processes."

St's 

STEAM FOUND TO IMPROVE RETORT YIELD 

Marathon Oil Company has been interested in the idea of 
using steam for indirect retorting of oil shale for a number of 
years. A paper summarizing their work in this area was 
given by L.S. Merrill and L.D. Wheaton at the 24th Oil Shale 
Symposium in April. 

Early work at Marathon involved extensive tests with steam 
in a bench scale retort. These results showed significant 
benefits for steam retorting, but the scale was not large 
enough to confirm either the magnitude of the yield dif-
ference or the feasibility of steam recycle. In the early 1990s 
Marathon contracted with Paraho to make some pilot plant 
studies in the 30-inch-diameter retort at Anvil Points to con-
firm yield advantages and process operability. These steam 
retorting tests demonstrated yields near Fischer assay and 
successful steam recycle. However, the project was ter-
minated before optimization of steam runs and before at-
tempting runs with recycle gas, because the United States 
Department of Energy would not renew Paraho's lease. 
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FIGURE 2 

POSSIBLE COMMERCIAL VERSION OF RF IN SITU OIL SHALE EXTRACTION PROCESS 
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A batch retort test program was instigated with the goals of 
1)better defining the increase in oil yield obtained by heat-
ing shale with steam rather than recycle gas and 
2) determining whether the yield advantages of steam could 
be realized using mixtures of steam and recycle gas. Of par-
ticular interest was whether the yield difference is enough to 
offset the higher energy requirements for steam recycle, 
which Marathon estimates to be equivalent to 3 to 4 percent 
of the Fischer assay oil yield. The lower steam concentra-
tions were of interest because they can be attained without 
the retorting conditions required to condense and evaporate 
100 percent steam, and with energy requirements com-
parable to recycle-gas retorting. A lower priority goal was to 
determine the effect of moderate pressure changes on retort-
big, because a steam heated retort must be operated at pres-
sures high enough to permit heat recovery in the recycle-
water boiler. 

The batch retorting unit was 10 inches in diameter by 6 feet 
long and held 120 to 130 pounds of shale. 

Steam concentration, shale size, temperature, and pressure 
were the variables evaluated, with steam concentration 
receiving the most attention.

A total of 48 tests were conducted using 27-gallon-per-ton 
shale from the mine at Anvil Points. 

Oil yields improved considerably with the addition of steam 
to the retort. The average yield is plotted with 90 percent 
confidence limit bars in Figure 1. The plot shows that there 
is a 90 percent probability that the true difference between 
yields with 100 percent steam and recycle gas lies between 6 
and 11 percent. It is not possible to differentiate between 
yields at 70 and 100 percent steam. More data are needed to 
define how low the steam concentration could go before the 
oil yield would significantly decrease. 

The difference in yields resulted largely from improved 
recovery of oil released from the shale. Analysis of organic 
carbon left on the retorted shale indicated that a little more 
organic carbon was left with recycle gas than with steam, but 
the difference amounted only to about a 1 percent increase 
of Fischer assay yield for 100 percent steam. Increases in 
hydrocarbon gas volumes and estimates of coke losses indi-
cate that with equal 

oil 
recovery efficiency the maximum dif-

ference would be about 4 percent for both sizes. 
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FIGURE 1 

EFFECT OF STEAM CONCENTRATION ON OIL YIELD 
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A major advantage of steam thus seems to be in ease of oil 
recovery and the advantage seems to be much more 
pronounced in large particles than in smaller particles. At- 
tempts to improve recovery or define where the lost oil went 
in the large-particle-size recycle gas runs met with little suc-
cess. 

The higher yields for the smaller size are consistent with the 
lower organic carbon content of the retorted shale. There 
was no explanation for why the oil recovery improved so 
dramatically for the smaller size shale. 

Pressure studies were conducted only on the 100 percent 
steam runs with -2 to +3/8 inch shale. Over the limited pres-
sure range studied, 15.7 to 37 psia, data scatter concealed 
any trend. The greatest effect of changing pressure ap-
peared to be on the API gravity of the oil. Increasing pres-
sure with 100 percent steam increased the gravity from 
19.00 API at 14.7 psia to 21.60 at 372 psia. An increase in 
C1-05 components in the product gas indicated that the 
lighter oil at the higher pressures was due to increased crack-
big caused by longer residence time of heavier material at 
the coking and/or cracking temperature in the retort.

Steam reduces the yield of carbon monoxide and enhances 
the yield of hydrogen. Pure steam produces about 
315 standard cubic feet of hydrogen per ton of shale at 
950°F, but only 200 cubic feet per ton at 8500F. With no sig-
nificant contribution from steam reactions, the volume of 112 
produced with recycle gas retorting is nearly constant at 
144 cubic feet per ton through the range of 850 to 950°F. 

Marathon's major conclusions from these experiments were: 

Steam retorting -2 to +3/8 inch oil shale resulted 
in oil yields averaging 102 percent of Fischer assay 
compared to a 94 percent average with recycle gas; 
however, carbon left on the retorted shale, in-
creased C1 Cç gas production, and estimates of 
coke loss in&cate that with equal recovery ef-
ficiencies the difference should be 3 to 4 percent. 

Runs using a mixture of 70 percent steam and 
30 percent recycle gas demonstrated oil yields essen-
tially the same as those using 100 percent steam. 
Average yields with 40 percent steam were 
2 percent lower than steam-retorting yields and 
with 25 percent steam 4 percent lower. 
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FIGURE 1 
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suming that the particles are spheres. The non-sphericity of 
a particle impacts the gas-particle slip velocity, i.e., the drag; 
it affects the effective heat transfer; and it affects mass trans- 
fer between the solid and the ambient gas. 

Two common approaches to the treatment of nonspherical 
particles are the sphericity approach and the maximum cross- 
sectional area shape factor approach. In the first approach, 
the sphericity is defined as the surface area of a sphere 
divided by the surface area of a representative particle. The 
sphere diameter is chosen to have the same volume as the 
particle. In the maximum cross-sectional area approach, the 
total external surface area is replaced by the maximum cross- 
sectional area, as the name implies. 

Oil shale particles are not spherical. Measurements in the 
literature on two size classes of typical oil shale resulted in 
an average sphericity of 0.61 for the smaller size class 
(0.794 to 0.953 millimeter) and 0.57 for the larger size class 
(1.91 to 2.54 millimeters). 

The use of sphericity as a consistent approach to include the 
effects of non-spherical particles on fluid-solid drag has been 
used frequently. A disadvantage in using the maximum 
cross-sectional area shape factor approach is that accurate 
measurements of the maximum cross sectional area are not 
easily made or presently available. Therefore, L1.NL chose 
to rely on the sphericity approach. 

Decreasing shale size to -1 to +3/8 inch resulted in 
104 percent oil yield with 100 percent steam and a 
jump to 102 percent yield with recycle-gas retort-
ing. Here again the difference would be expected 
to be within 3 percent to 4 percent given equal 
recovery efficiencies. 

The increase in yield with steam retorting could jus-
tify the additional energy requirements for 
100 percent steam retorting. The highest benefit, 
however, will be realized recycling mixtures of 
steam and product gas at low pressure without 
steam condensation. 

Retorting pressure has a minor effect on oil yield 
through a range of 3 to 25 psi. 

IMPROVED DESCRIPTION OF OIL SHALE FLOW IN 
VERTICAL LIFT' PIPE DEVELOPED 

At the 24th Oil Shale Symposium held in Golden, Colorado 
in April, D. Aldis of Lawrence Livermore National 
Laboratory (LLNL) described the development of an im-
proved mathematical model of oil shale now in a vertical lift 
pipe. 

The hot-recycle-solids (FIRS) process being studied at LLNL 
uses a pneumatic lift pipe to return retorted shale from the 
bottom of the packed bed pyrolyzer to the top of the 
delayed-fall combustor. 

The lift pipe unit is important because it provides a substan-
tial portion of the combustion of the carbon remaining in the 
solids leaving the pyrolyzer. The solids residence times in 
the lift are controlled by the solids particle velocities. 

As the gas flows through the lift pipe it pulls along 
suspended particulate. The particulate will always move 
slower than the gas, but at what velocity? In earlier work it 
was assumed that the dispersed solid could be described as a 
collection of non-interacting particles moving at their respec-
tive terminal velocities in the gas. Figure 1 shows this as-
sumption is not a good approximation. In this figure ex-
perimental values of slip velocity (i.e., the difference in gas 
and solid velocity) are plotted along with the terminal 
velocity, for each particle size class. For this data set the ter-
minal velocity is less than the experimental slip velocity at 
small particle sizes and greater than the slip velocity at larger 
sizes. LLNL therefore set out to develop an improved 
description. 

Shape Factors, Sphericity, and Nouspherical Particles 

Usually analyses of momentum, heat and mass transfer be- 
tween moving particles and a surrounding gas begin by as-

- 
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Slip Velocities for a Distribution of Particle Size Classes 

In the lift pipe analysis, a dilute flow mode) developed for a 
binary particle size distribution was extended to handle a 
multiple class size distribution of any number of size classes. 

The effect of the sphericity on the slip velocity was estimated 
using the model as shown in Figure 2. As the sphericity in-
creases the drag on the particles decreases and the slip in-
creases. The shape of the curve remains approximately con-
stant as it moves vertically. 

Comparison to Experimental Data 

In experiments carried out at LLNL, the slip velocity of each 
of several size classes of oil shale was determined by measur-
ing the change in the solid volume fraction of each size class 
from its initial value to its steady state value. The predicted 
results were found to be similar to the measured values.

Conclusions 

Aldis presented LLNL's model of the drag response of a dis-
persed multiple size class particulate moving in a gas in a lift 
pipe. The affects of nonsphericity were included in the 
analysis and the importance of this term has been evaluated 
computationally. The influence of solid loading, wall fric-
tion, and gas velocity on the particle slip was demonstrated 
to be consistent with experimental observations. The con- 
tribution to the pressure drop caused by the static load of the 
dispersed solid predicted by the model seems to be consis-
tent with that reported experimentally. In addition, the 
model can predict the critical velocity at which the gas must 
flow to avoid choking. 

This model is now being incorporated into LLNL's general-
ized model of the hot recycled solid oil shale retorting 
process. 

In other work, measurements were presented of the pressure 
drop across a column of flowing, dispersed oil shale in a lift 
pipe. Again, model calculations showed general agreement 
with experimental trends. The model predicts that the now 
would choke when gas velocity is reduced to between 2.7 and 
2.8 meters per second.

FIGURE 2 
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OPTIMIZATION OF OIL SHALE BENEFICIATION 
STUDIED 

According to a paper by C.W. Schultz and R.K. Mehra of the 
Mineral Resources Institute, research at the University of 
Alabama has focused on examining advanced technologies 
for the beneficiation of eastern oil shales. Efforts to op-
timize those technologies, such as column flotation and 
stirred ball milling, are detailed in their paper, which was 
presented at the 1990 Eastern Oil Shale Symposium held in 
Lexington, Kentucky last fall. 

In integrating column flotation and stirred ball milling into a 
beneficiation circuit it was found that grinding costs were an 
overriding consideration. Certain benefits of column flota-
tion were foregone in order to minimize secondary stirred 
bail milling. 

In early 1988, the Mineral Resources Institute began to 
evaluate advanced technologies for the beneficiation of oil 
shale in two areas of concern, grinding and kerogen/mineral 
matter separation. Column flotation and stirred ball milling 
were proven to be applicable to oil shale beneficiation and 
superior to their conventional counterparts. 

Recent efforts have focused on defining a cost-effective, effi-
cient combination of stirred ball mill grinding and column 
flotation. 

Column Flotation 

A typical column flotation cell is shown in Figure 1. Feed 
slurry enters the column near the top. The particles move 
downward, counter current to a flow of air bubbles intro-
duced at the bottom of the cell. The counter current flow of 
particles and bubbles offers repeated opportunities for par-
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Column height proved to be an important design variable. 
Tests with increased column height showed that the 
detrimental effects of increased percent solids and feed rate 
were largely overcome. Similarly, the beneficial effects of 
small bubble size diminishes as column height is increased. 
This observation is illustrated by Figure 2. 

Summarizing the results of the optimization of column flota-
tion of oil shale, the paper says that the following conditions 
are most effective: 

- Solids content -3 to 5 percent 

- Frother concentration -42 to 45 ppm 

- Feed point -80 percent of column height 

FIGURE 1 
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tides to attach themselves to air bubbles and be carried into 
the froth. Water, sprayed onto the top of the froth, washes 
unattached particles downward where they are ultimately dis-
charged from the column as a tailing. The advantage of 
column cells derives from the counter current flows which 
give the effect of multiple stages of flotation in a single step. 

Column Optimization 

The objectives of optimization tests on column flotation 
were to determine the size distribution of the shale feed re-
quired to yield an acceptable combination of concentrate 
grade and kerogen recovery, and to determine the column 
operating conditions required to achieve efficient separation. 

The column cell used in the optimization tests (shown in 
Figure 1) was built in sections to permit testing of the effect 
of column height. The column is equipped with multiple 
feed points and exchangeable air spargers. Early tests per, 
formed in a 43-inch column indicated that a feed size of ap-
proximately 10 microns is required to achieve satisfactory 
grade and recovery. 

The variables tested in the optimization program were froth 
depth, feed inlet position, percent solids, feed rate, and air 
sparger pore size. The results of those tests indicated that 
increasing feed rate or percent solids tends to degrade the 
quality of separation achievable. It was also shown that 
small bubble size (i.e., decreased air sparger pore size) was 
preferred, says the paper.

FIGURE 2 
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Stirred Ball MIII Grinding 

According to the paper, the efficiency of mineral grinding 
becomes increasingly inefficient as the product size is 
decreased. 

The advantage of stirred ball mills over conventional 
(tumbling) mills in grinding fine particles lies in the greatly 
increased number of balls (and hence contacts) per unit of 
mill volume. For example, in the transition from a tumbling 
mill employing 1-inch diameter balls to a stirred ball mill 
utilizing 2-millimeter balls, the number of balls is increased 
by a factor of 2,000; if 1-millimeter balls are used the factor 
becomes 16,000. 

The negative aspects of stirred ball milling include higher 
capital costs and energy consumption per unit capacity. 

Optimization of Stirred Ball MIII Operation 

The paper says that the important variables in the operation 
of a stirred ball mill are mill speed, media size, percent of 
mill volume 

filled 
by media, feed size, and the feed percent 

solids. Optimization tests including these variables were con-
ducted in a 4-liter Netzsch stirred ball mill. While the mill 
design parameters, notably the geometry of the stirring 
mechanism, may be equally important, this investigation was 
constrained to the pin type stirrer as shown in Figure 3. 

The results of the optimization tests show that minimum 
power consumption per ton of product is achieved at pulp 
densities of 52 percent solids with 85 percent media filling. 
Two-millimeter beads were found to be more efficient than 
3-millimeter beads, even at relatively coarse feed sizes. The 
power requirement with 3-millimeter beads was found to be

much greater than with 2-millimeter beads. In addition, the 
mill capacity is increased by 42 percent when using the 
2-millimeter beads. 

The effect of mill speed is not as clear cut as is indicated by 
Table 1 (next page). Note that while lower speeds indicate 
generally lower power consumption, the figures appear to 
converge as the products approach the same size. Also, 
higher mill speeds result in higher mill capacities, as indi-
cated by the feed rates shown in Table 1. 

Beneficlatlon Circuit Optimization 

Early tests with column flotation led to the assumption that 
the beneficiation flowsheet might be like that shown in 
Figure 4. 

In such a configuration, the capital costs are at a minimum. 
Optimization consists of defining the sizes at which the transi-
tion from conventional to stirred ball milling and between 
successive stages of stirred ball milling is made. 

The weakness of this system is that the entire feed stream 
passes through two stages of energy intensive stirred ball mill-
ing. 

Examination of the product from the primary ball mill 
revealed that 50 percent was finer than 25 microns. Screen-
ing tests showed that an efficient size separation could be 
made, making the flowsheet shown in Figure 5 a viable op-
tion. 

In this configuration fully 50 percent of the total feed stream 
bypasses the first stage of stirred ball miffing and perhaps as 
much as 25 percent bypasses the second stage. 

FIGURE 3 
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TABLE 1 

POWER CONSUMPTION AND PRODUCT SIZE 
FROM STIRRED BALL MILL GRINDING 

Feed Product 
d d Feed Rate Net Power d	 d Pressure 

Sample (micron) RPM cc/mm kWh/t (micron) 

1 171.0 62.7 1150 2000 27.82 27.22	 10.4 0.5 
2 171.0 62.7 1150 1800 29.19 23.28	 9.2 05 
3 171.0 62.7 1300 1000 77.91 16.82	 6.7 0.7 
4 171.0 62.7 1300 1200 64.67 18.69	 7.2 0.7 
5 171.0 62.7 1300 1400 5436 19.67	 7.4 0.6 
6 171.0 62.7 1300 1600 46.76 20.0	 7.6 0.6 
7 171.0 62.7 1300 1800 40.03 20.4	 7.7 0.6 
8 171.0 62.7 1300 2000 34.33 21.78	 8.4 0.6 
9 171.0 62.7 1300 2100 31.62 21.9	 8.5 0.6

Flotation tests were conducted on the minus 25 micron frac-
tion of the primary ball mill discharge. The tests, conducted 
in a taller column than had been used previously, 
demonstrated that a satisfactory rougher concentrate can be 
made at a relatively coarse size. 

The favorable flotation results make possible a still further 
refinement of the beneficiation flowsheet. The amount of 
feed to the secondary stirred ball mill can be reduced to 
about 30 percent of the total raw shale feed stream. The

authors note that this reduction in grinding cost is achieved 
by foregoing some of the benefits possible with column flota-
tion.

fl## 

RETORTING YIELD INCREASED IN PRESENCE OF 
LIQUID 

Research on oil shale retorting conducted by Mobil 
Research and Development Corporation has found that the 
use of high boiling petroleum-derived materials can increase 
the oil yield from eastern oil shale. According to a paper by 
Mobil's C.A. Audeh, which was presented at the 10th East-
ern Oil Shale Symposium in Lexington, Kentucky, 
researchers were able to increase the yield of an eastern 
shale to 150 percent of the Fischer assay yield. 

Modified Retorting 

The goal of the research was to determine if the known 
benefits of the presence of hydrogen donors during retorting 
(as exhibited in carbon conversion to THF solubles) could 
also be observed as recoverable oil under retorting condi-
tions that do not require pressure. 

In the Fischer assay retort, heat is applied to the shale 
through the walls of the retort, which is kept at atmospheric 
pressure. Oil is generated in the bed of shale as each par- 
ticle reaches retorting temperature. The oil moves up 
through the retort and into the recovery system. 

Minor modifications in the retort were necessary to deter-
mine the oil yield from shale in the absence of an H-donor 
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and in its presence. An orifice was drilled in the center of 
the retort base and fitted with a stainless steel tube for intro-
ducing the H-donor into the bed of shale. Also, the retorting 
procedure was modified for injecting the hydrogen donor 
during retorting and stopping the injection when the tem-
perature reaches 4150C. 

Product Formation and Approach to Modified Retorting 

The mechanism by which gaseous and liquid products are 
generated during shale retorting includes sequential decom-
position and condensation reactions. Thermal decomposi-
tion occurs when carbon atoms bonded to other atoms in or-
ganic molecules are heated to sufficiently high temperatures. 
Because of the high temperatures required for shale retort-
ing, the generated compounds can undergo further 
homolytic reactions which result in the formation of even 
higher molecular weight products, eventually leading to 
coke. 

Figure us a typical plot of the cumulative gas volume in 
liters versus time in minutes for a Fischer assay of an eastern 
shale, a pattern of gas generation observed consistently for 
eastern shales. In the Fischer assay a fixed heating rate is 
required so the time axis could also be used to represent tem-
perature increase. Thus, at certain time intervals, the tem-
peratures recorded will be the same for all assays. The three 
distinct regions of this figure show that a small amount of 
gas is generated in the early stages of the heating cycle. 

FIGURE 1 

OIL SHALE RETORTING 
Volume of Cu Fond vs. Time 

2.0

soot 
I.5

450t 

1.0 

0r

4WC 
0.5 

0	 10	 20	 30	 40	 50	 60 

Time, Minuses

However, as the temperature increases, the volume of gas 
generated and the rate at which the gas is generated also in-
crease. 

According to Audeh's paper, visual observations during 
retorting have shown that the generation of liquid products 
follows a similar profile to that shown for gas generation. 

Figure 1 shows that the maximum rate of product generation 
(and therefore of free radical generation) occurs in the 375 
to 415°C temperature range. It is in this temperature range 
that the yield enhancing technique was tested. 

In Mobil's approach to oil yield enhancement, retorting and 
H-donation are performed at atmospheric pressure. For this 
reason, the H-donor chosen must not boil away. It must stay 
where the kerogen is undergoing thermal conversion to shale 
oil and it should thermally decompose to produce radicals 
that have little or no tendency to form solid products such as 
coke. 

The choice of H-donors was directed to the use of oil frac-
tions derived from crude oil, specifically, high boiling frac-
tions derived from vacuum residues and which have aromatic 
character, and their aromatic extracts. Althouh the boiling 
range of the aromatic extract used is 450 to 625°C, the actual 
temperature to which the oil was exposed did not exceed 
375°C. 

Oil Yield 

To establish the basis for determining the effect of the 
H-donor on the oil yield of an oil shale, Mobil evaluated the 
shale by the standard Fischer assay procedure. The Fischer 
assay yield of the Indiana shale used was typically 13 gallons 
per ton. In Table 1, the yields of the gaseous and liquid 
products as well as the results of some analytical tests are 
shown. 

Table 1 also summarizes the yields and selected properties of 
oil generated as a result of the modified retorting of the In-
diana shale with various amounts of added aromatic extract. 

The overall yield for each of these modified assays indicates 
a yield increase over that of the standard Fischer assay. In 
the case of retorting with 15 milliliters of added aromatic ex-
tract, the overall yield of oil was 543 gallons per ton. The 
added extract corresponds to 35.9 gallons per ton, and the 
shale, when retorted alone, yields 13.2 gallons per ton, a total 
of 49.1 gallons per ton. However, when the aromatic extract 
is retorted with the shale by the modified Fischer assay proce-
dure, the actual retorting yield is 543 gallons per ton, an in-
cremental yield of 5.2 gallons per ton, or an extra 40 percent 
of Fischer assay yield. In the cases where smaller amounts of 
extract are injected, smaller increases in the incremental 
yields were observed. 
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TABLE 1 

MODIFIED RETORTING OF AN INDIANA OIL SHALE
WITH AN AROMATIC EXTRACT 

Oil Shale, gm	 100	 100	 100	 100 
Added Extract, ml (C/i) 	 0	 5.0(120)	 10.0(23.9) 15.0(35.9) 

Yields and Properties of Retorting 
Gas, H,S free, liters 

;?Wt
1.67 1.90 2.25 2.47 

R,S, 0.81 0.97 1.01 1.05 
Water, % wt 1.9 1.8 1.9 1.8 
Oil, ml 5.5 113 16.8 22.7 
CIT 13.2 26.8 403 543 

Oil Properties 
Gravity, °API 22.6 21.8 223 21.0 
Specific Gravity, 60760°F 0.9182 0.9132 0.9188 0.9279 

Elemental Analysis, % wt 
C 85.26 85.01 84.80 85.00 
H 10.87 10.87 11.08 11.04 
N 1.13 1.09 0.70 0.50 
S 1.62 2.63 3.40 3.46 

Oil Properties 

The paper says that the properties of the oil generated are 
consistent with the addition of the extract and its thermal 
decomposition during the modified retorting procedure. Its 
properties could not be distinguished from those of oil gener-
ated without the added extract. However, the properties of 
the incremental oil are similar to those of the oil generated 
in the absence of the extract. For example, the API gravities 
of the various product oils range between 21.0 and 22.3 and 
are within the 20.8 and 22.6 gravities of the retorted extract 
and oil shale.

Modified Retorting with Other High Boiling Petroleum 
Derived Materials 

In addition to the aromatic extracts, experiments were per-
formed using other high boiling materials derived from 
petroleum. Paraffin wax, microwax, and a 1,000 0F residue 
all show increased yields over the Fischer assay of the shale, 
as shown in Table 2. Increases in gas yield and HS yield 
were also observed. Although the chemical composition of 
these materials does not correspond to that of recognized 
H-donors, their thermal decomposition, at the same time as 
that of kerogen in the shale, brings about this increase in oil 

TABLE 2 

MODIFIED RETORTING OF AN INDIANA OIL SHALE 
WITH HIGH BOILING PETROLEUM DERIVED MATERIALS 

Material Added Fischer Assay Yield 
QLE % Increase 

Shale 0 13.2 0 
Aromatic Extract 15 18.8/20.1 42.0/52.0 
Paraffin Wax 12 14.9 13 
Microwax 12 16.1 22 
1000°F+ Residue 10 14.8 12
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capacity of 1 ton per day was developed by Chevron 
Research. This process uses a catalyst and fractionation. 
The pilot operates on a staged turbulent-flow bed process 
that reportedly uses the shale completely. Figure 9 shows a 
schematic of this process and this process is also called 
'shale-oil hydrofining process.'" 

yield. The researchers say that co-decomposition best ex-
plains the increase in Fischer assay yield and the increases in 
gas and H 2S yields. 

NEW BOOK ON OIL SHALE TECHNOLOGY 
PUBLISHED 

Oil Shale Technolo2v, by Sunggyu Lee, is a 1991 publication 
of CRC Press. The book attempts to provide a concise over-
view of all aspects of oil shale technology. Because it is a 
small-format book, this may have been an impossible task. 
The preface states that the book is intended as a comprehen-
sive text for the science and technology of oil shale utiliza-
tion. 

Chapter 1 gives an overview of oil shale technology and dis-
cusses the problems of general concern. Chapter 2 deals 
with the petrology and geochemistry of oil shale, and 
provides background in the understanding of the geology of 
oil shale. Definition, distribution, and formation of oil shale 
are also discussed. The chemistry of oil shale reactions is dis-
cussed in Chapter 3, including the chemistry of kerogen 
decomposition, the chemistry of mineral carbonate decom-
position, and oil shale char reactions. 

Chapter 4 deals with the kinetics of oil shale pyrolysis and 
compares the kinetics among various worldwide oil shales. 
Both isothermal and nonisothermal measurements of kinetic 
rates are discussed. Physical, transport, electric, and distill-
ing properties of oil shale and shale oil crude are discussed 
in Chapter S. In Chapter 6, various process technologies 
developed for oil shale retorting are discussed. Both in situ 
and surface retorting processes of significance are explained 
and compared. 

Chapter 7 discusses the characterization of shale oil crude. 
Shale oils from Eastern United States, Western United 
States, and Australian oil shale are characterized and the 
results compared. A single-particle model of oil shale 
pyrolysis is presented in Chapter 8. Simulated results for 
various effects are included in the form of a parametric 
study. Finally, in Chapter 9, supercritical extraction of oil 
shale is discussed. 

The author believes the book will be useful as a handbook 
for engineers working in the field. However, the reader who 
is knowledgeable in the field will find some serious shortcom-
ings in the accuracy of many statements found in the very 
abbreviated sections. For instance, the opening page refers 
to the Scottish oil shale industry as lasting from 1850 to 1864, 
whereas the actual shutdown date was 1964, a far different 
situation. 

Similarly, the one-paragraph description of Chevron's retort-
ing system reads "A small pilot unit with a shale-feed

The misinformation in this single paragraph is revealing. 
First, it fails to inform the reader that Chevron built a 
350 ton per day semi-works unit in 1985. Second, the Chev-
ron retort system does not use "a catalyst and fractionation." 
Third, the staged turbulent bed retorting system is not "also 
called shale-oil hydrofining process." These are two entirely 
distinct processing steps. Fourth, Figure 9 is not an illustra-
tion of the Chevron staged turbulent bed, but rather a 
schematic of the shale oil upgrading process. 

On a final note, some 50 pages of the 260-page book are 
devoted to reproducing gas chromatograms from the analysis 
of various shale oils. These are likely to be of minimum in-
terest to the "engineer working in the field" to whom the 
book is directed. 

AUSTRALIAN OIL SHALE RETORT MODELED AT 
CSIRO 

The heart of the oil shale conversion process is the retort, in 
which the organic matter in oil shale decomposes to produce 
oil, gas and char. Its performance influences the viability of 
the process in many ways. N.V. Dung and V. Yip of the 
Commonwealth Scientific and Industrial Research Organiza-
tion (CSIRO), Division of Coal and Energy Technology, say 
that the method used to transfer heat to shale particles is the 
key design consideration in determining the type of retorting 
Process to use. 

Dung and Yip presented a paper titled "Basis of Reactor 
Design for Retorting Australian Oil Shales" at the 1990 East-
ern Oil Shale Symposium in Lexington, Kentucky last year. 

The two types of heat transfer are indirect heating processes 
where heat is transferred through a heat exchange surface to 
shale particles, and direct heating processes where shale par-
ticles contact the heat transfer medium. 

After conducting a review of the direct and indirect 
processes, the authors elected to concentrate on direct-type 
hot recycled solids processes because they offer higher oil 
yields per ton of mined shale, a much simpler oil recovery sys-
tem and a smaller total retort/combustor volume which can 
lead to lower production costs. 

The characteristics of oil shales can also have a great in-
fluence on the process economics. Compared to Colorado 
shale, all seven Australian oil shales (Condor, Duaringa, 
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and olefin contents in oils, while coking reduces the nitrogen 
content. Both reactions lead to lighter product oils. 

Characteristics of an Optimal Retort 

Lowmead, Nagoorin, Nagoorin South, Rundle and Stuart) 
have a faster rate of oil evolution. Therefore, smaller 
volumes and lower capital cost retorts can be used for 
processing Australian oil shales. 

According to the authors, secondary reactions of evolved oil 
vapor such as coking by shale minerals and vapor phase ther-
mal cracking can lead to significant reductions in oil yields. 
Studies have shown that for a given oil vapor, the rate of 
coke deposition on shale ash is a function of time, vapor con-
centration and shale type. Experiments on Colorado shale 
have shown very small oil loss compared to Australian oil 
shales. The large differences in internal surface area be-
tween the Australian and the western United States recycled 
shales is a major cause of the differences in oil coking loss. 

Secondary coking and cracking reactions of oil vapor within 
shale particles result in apparent ultimate oil yields which are 
lower than the true ultimate yields of the primary pyrolysis 
reactions. The apparent yields vary with retort operating con-
ditions such as the type and flow rate of sweep gas, and the 
heating rate of shale particles. Pyrolysis experiments in the 
absence of recycled shale have shown that, compared to the 
Fischer assay, gas sweeping at a high gas-to-oil mass ratio 
gives more oil. For some Australian shales at a gas-to-oil ra-
tion of 110,7 percent and 15 percent more oil was produced 
using nitrogen and steam, respectively. 

In addition to oil losses, they say, thermal cracking and 
coking can change the boiling point distribution and quality 
of the product oils. Cracking increases the sulfur, nitrogen

According to the authors, a retort of optimal design should 
provide a combination of high oil yield and high oil quality, 
give gaseous products of high heating value, be small in size, 
and have good scaleup characteristics. 

The paper says that to achieve oil yields close to the ultimate 
yields, the retort must be designed to complete the conver-
sion of kerogen, and to minimize coking and thermal crack-
ing reactions. However, oils obtained under ultimate yield 
conditions are relatively poor in quality. The optimal retort 
design therefore has to provide a compromise between yield 
and quality of the oil, they say. 

The extent of thermal cracking can be reduced by using a 
combination of low pyrolysis temperature, short vapor 
residence time and a sweep/quench gas. Coking can be mini-
mized by maintaining low oil vapor concentrations and retort-
ing at low recycled shale to raw shale ratios. Sweep gas selec-
tively injected in regions of high oil vapor concentration can 
also be used to reduce oil coking losses, according to the 
paper. 

Review of Retorts 

Some of the desirable characteristics of an efficient retort 
can be identified in Figure 1 which shows schematic 

FIGURE 1 
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diagrams of the Lurgi-Ruhrgas (LR), Lawrence Livermore 
National Laboratory (LLNL) and Chevron retorts. These 
retorts each consist of two sections, a solids mixing section 
followed by a moving packed bed reactor section. 

According to the authors, rapid and efficient solids mixing is 
a prerequisite for effective heat transfer in a recycled solids 
retort. Screw and cascading mixers are used in the LR and 
LLNL retorts, respectively, both of which have a cocurrent 
gas-solid contacting pattern. The kerogen will be partly con-
vened in the mixing section. 011 coking loss is less with the 
LR retort because the oil vapor has less direct contact with 
the recycled shale. 

Chevron uses a fluidized bed for solids mixing where gas 
flows counter-currently to the solids. Because the fluidized 
bed is directly above the moving packed bed reactor section, 
solids in the mixing section are exposed to oil vapor from 
both sections. The oil coking losses are therefore a maxi-
mum in the Chevron retort unless counteracted by the sweep-
ing effect of the fluidization gas. 

Another Chevron process and a Shell process use multi-stage 
fluidized beds. Vertical staging is used in the Chevron 
process while horizontal staging is used in the Shell retort. 
Compared to the Chevron retort, the Shell retort would give 
lower gas-solid contact time and therefore less oil coking 
loss. However, high capital and operating costs and other 
considerations make the Shell retort less attractive in spite of 
its advantages with respect to coking, they say. 

The authors conclude that oil coking loss on recycled shale, 
which is significant with Australian shales, has not been 
taken into account in the development of retorts. 

Computer Aided Design Approach 

The authors developed a mathematical model and computer 
program for a moving packed bed r&ort. Simulations using 
this program were used as a guide in the design of a retort. 

The model consists of a set of differential equations describ-
ing relevant mass and heat balances. Reactions considered 
are the thermal decompositions of kerogen, clay-based 
minerals and carbonate minerals, the thermal cracking of oil 
vapor and the coking of oil vapor on recycled solids. 

The input data required by the model are the stoichiometric 
factors and rate constants for the reactions considered, flow 
rates, temperatures and moisture contents of raw and 
recycled shales, and temperatures of the retort wall. 

CSIRO Integrated Retorting/Combustion Facility 

The resulting CSIRO integrated retorting/combustion 
facility (Figure 2) has a maximum throughput of 2 kilograms 
of oil shale per hour.
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The retort has three main sections for solids mixing, pyrolyz-
ing oil shale and stripping product oil vapor. Preheated raw 
shale and hot recycled combusted shale are fed to a point 
directly above the mixing section by two star valves rotating 
in opposite directions. The solids are mixed in a cascading 
mixer. Both the pyrolyzing and stripping sections are moving 
packed beds. Steam or nitrogen introduced at the bottom of 
the stripping section is used to remove traces of oil vapor 
from the spent shale leaving the retort. 

The level of solids in the pyrolyzing section of the retort is 
maintained by continuously discharging spent shale via the 
third rotary star valve into a surge bin. 

Spent shale in the surge bin is fed into the fluidized bed com-
bustor (FBC) by the fourth rotary star valve. The excess 
spent shale overflows from the surge bin into a spent shale 
receiver. In the FBC, char/coke in spent shale is partially 
burned at a temperature between 7000 and 9000C in hot air 
diluted with nitrogen. Combusted shale is then conveyed 
through a lift pipe by the combustion gas into the recycled 
combusted shale surge bin. 
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The facility can be operated in an open loop mode or a fully 
integrated mode. The authors reported on integrated 
retorting/combustion rig experiments on Stuart oil shale in 
the open loop mode of operation. 

Anticipated Performance of the Retort 

Simulations of the retort under various process conditions 
were conducted. Figure 3 shows the anticipated oil yields at 
different recycle ratios and pyrolysis temperatures. For a 
given solids residence time, temperature had a remarkable 
influence on oil yields, says the paper. 

As shown in Figure 3, for temperatures below 4900C, incom-
plete conversion of kerogen caused a sharp decrease in oil 
yield. Another sharp reduction in oil yield occurred at tem-
peratures above 5700 to 580°C where thermal cracking be-
came significant. At low temperatures, an increase in the 
ash-to-shale ratio lowered oil yields as expected due to oil 
coking loss. However, as temperature increased, the oil 
vapor-solid contact reduced and the effect of coking on 
recycled shale was therefore diminished. The authors say 
that maximum oil yields are predicted at temperatures be-
tween 5700 and 580°C, regardless of ash-to-shale ratios. 

FIGURE 3 
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PROCESS-INDUCED MACRO-POROSITY AFFECI'S 
SHALE OIL COKING ON SOLIDS 

The University of Kentucky Center for Applied Energy 
Research (CAER) has been developing the KENTORT H 
process for retorting eastern United States oil shales. A 
paper b31 A.M. Rubel, et al., at the 1990 Eastern Oil Shale 
Symposium addressed the problem of oil loss due to coking 
reactions on hot solids. 

High oil yields from eastern shales can be achieved by the 
reduction of secondary coking and cracking reactions. 
Processes such as KENTORT 11 which recycle hot solids for 
heat transfer will have to minimize oil yield loss to coke 
resulting from contact between oil vapors and hot solids. 

Several studies have indicated the detrimental effect of 
recycled shale ash on oil yield for many different oil shales 
from around the world. Many factors such as raw shale to 
ash ratio, ash surface area, mineral catalysis, oil vapor con- 
centration, ash temperature, and oil shale type have been 
postulated as affecting this oil yield loss to coke. However, 
correlations between these factors and coke deposition show 
considerable variation with shale source. 

In the KENTORT process, shale solids for heat transfer are 
recycled from a gasification zone to the pyrolyzer. The 
gasification zone serves as a thermal buffer between pyrolysis 
and combustion. The recycle solids are a mixture of gasified 
and combusted shale. Coke deposition has been shown to 
be very rapid on freshly oxidized shale. However, residual 
carbon and coke decrease the reactivity of the ash as does 
steam treatment. These factors might be used to advantage 
during the KENTORT process. The purpose of recent work 
at CAER was to study how process-induced physical and 
chemical changes to recirculated solids affect coking reac-
tions. 

Rubel, et al., found that oxidized shale was the most reactive 
process solid in carbon deposition. The reactivity of com-
busted shale was not affected by the temperature of oxida-
tion (500°C vs. 8250C). Therefore, high coking levels cannot 
be attributed to temperature induced changes in the mineral 
matrix. In fact, heat treatment of clay minerals decreased 
carbon deposition. 

Reflected light micrographs indicated an increase in macro-
porosity for oxidized process solids which resulted in coke 
deposition throughout the particle. In contrast, pyrolyzed 
and gasified shales only exhibited outer surface rim deposi-
tion. Long vapor contact time runs with heavy shale oil 
resulted in similar levels of coke deposition for all process 
solids. However, micrographs still showed strong evidence 
for blocked surface area in the pyrolyzed and gasified shales 
compared to combusted shale. Since BET surface area is 
not a good measure of macroporosity, BET data did not 
correlate well with active coking surface. 
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Steam treatment of combusted shale, which had no effect on 
BE!' surface area, substantially decreased the coking activity. 
However, the steam condensate from the treatment con-
tained NH4 , SO4-2, and a white precipitate indicating 
chemical alteration of the mineral matrix. 

Clay minerals when used as coking substrates were respon- 
sible for both coking and cracking. Carbon deposition on 
minerals correlated well with BE!' surface area due to the 
lack of micropore associated surface area. 

The data suggest that access through macropores to the 
mineral matrix of process solids is a key factor in carbon 
deposition and that decreasing the reactivity of the matrix 
(steam, heat treatment, etc.) is possible. 

CHEVRON PATENTS OIL SHALE FROTH FLOTATION 
PROCESS 

United States Patent 4,968,413 issued to R.S. Datta and 
CA. Salotti and assigned to Chevron Research Company dis-
closes a process for beneficiating oil shale. Included are the 
steps of grinding the shale to fine particles in an aqueous 
medium, portions of which are kerogen-rich and kerogen-
poor, scrubbing the particles, conditioning using a collector 
and a frother, and separating using froth flotation and oil 
agglomeration/dewatering. 

Background of the Invention 

Commercially recoverable oil shale generally contains from 
about 85 percent to about 95 percent mineral matter, with 
the kerogen-rich material constituting a minor proportion of 
the overall in-place oil shale. This large amount of inorganic 
mineral matter interferes with subsequent processing in a 
number of ways. As a result, an economic process which sig-
nificantly reduces the amount of oil shale which must be 
handled and treated to yield a given amount of kerogen 
would be advantageous. 

Various oil shale beneficiating procedures have been 
proposed. Those separations most proposed are predicated 
on the differential occurrence of kerogen in the various 
lumps, pieces and particles of oil shale following the various 
methods of size reduction and comminution. Because the 
larger pieces in a reduced shale tend to have a higher 
kerogen content, simple screening can effect a beneficiation. 
Because kerogen-rich particles possess a lower specific 
gravity, gravity separation in a dense liquid can also effect a 
moderate separation. Also, as kerogen-rich particles differ 
in wettability from kerogen-poor particles, separation in an 
aqueous medium by froth flotation can be a significant 
means of segregating kerogen from the inorganic mineral 
matter. However, to date none of these proposed oil shale

beneficiation procedures has been proven economically effec-
tive. 

In an acceptable beneficiation procedure, a substantial por-
tion of the inorganic mineral matter will be segregated in a 
kerogen-poor phase which can be discarded without sig-
nificant loss of kerogen, and a kerogen-rich phase of substan-
tially reduced weight will be sent to kerogen recovery. 

Summary or the Invention 

Comminuted oil shale is separated into a discardable portion 
having a IS kerogen content and a high kerogen content 
portion suitable for shale oil recovery; In this process, oil 
shale is mixed and reduced to a size suitable for grinding. 
This sized product is then ground in an aqueous suspension 
until it is sufficiently fine that a substantial portion of the 
mineral matter is present as minute particles substantially 
free of kerogen. These kerogen-poor particles are separated 
from the remaining kerogen-rich particles by a froth flota-
tion procedure. In an intermediate stage between the grind-
ing and the froth flotation, the concentrated suspension of 
finely ground oil shale particles is subjected to scrubbing or 
turbulent agitation, such as by a rotating impeller, and a con-
ditioning dispersant in order to scrub the particles and make 
them more hydrophobic. This shear treatment enhances the 
separation of the kerogen-poor particles from the kerogen-
rich particles in the subsequent froth flotation procedure. 

Size Reduction Step 

Raw oil shale is ordinarily precrushed using an impact 
crusher to rod mill feed size, about 0.75 to 1.0 inch average 
diameter. This feed is mixed with water to aid further grind-
ing, to constitute an aqueous mixture of about 50 percent 
solids. The precrushed shale/water mixture is then fed to 
any standard mill which may be a tumbling ball mill, rod 
mill, autogenous mill or pebble mill, or any combination, for 
grinding to the desired size. 

During grinding, however, metal ions are released from the 
mineral component of the shale, primarily due to the tem-
perature rise resulting from the mechanical grinding action. 
These metal ions, in turn, react with the organic component 
of the shale, flocculating the material into a gel-like state, 
and substantially increasing the viscosity of the feed. The 
more viscous the feed, the more difficult to grind to the 
desired fineness and the more energy is required. To control 
the theology of the suspension, therefore, and reduce the 
energy and cost of grinding, a dispersant is added to the mix-
ture. The dispersant can prevent the adverse effect of the 
metal ions and reduce the viscosity in either of two ways. 
First, the dispersant can act as a sequestering agent, reacting 
with the metal ions and taking them out of suspension. 
Preferred sequestering agents include phosphates, a 
preferred phosphate for the present invention being sodium 
hexametaphosphate (SUMP). SkIMP would ordinarily be 
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added in a concentration of about 0.1 percent by weight of 
the solids. 

Alternatively, dispersants may be used which prevent dissolu-
tion of the metal ions into the system in the first place. 
Preferred agents of this type are soluble metal carbonates, 
particularly sodium carbonate, sodium bicarbonates, soda 
ash, trona, or nahcolite. These carbonates or bicarbonates 
are ordinarily added to the grinding stage as aqueous solu-
tions, but may also be added directly as solids. Preferred con-
centrations range from about 0.5 percent to 2.0 percent by 
weight. 

It is also advantageous and preferred to grind the shale to 
the desired size using a series of grinding stages. This results 
in a substantial reduction in the number of kilowatt-hours of 
energy required for the grinding operation. In a preferred 
embodiment, three stages are used, the first of which may be 
either a rod or a tumbling ball mill, or a combination, while 
the second and third are ordinarily tumbling ball mills. 

Scrubbing Step 

Following grinding, it has been found that a necessary step is 
a scrubbing step. When ground to the appropriate size, the 
ground oil shale is passed to a scrubbing stage where it is 
slurried with water and scrubbed. A high shear impeller 
agitates the slurry in such a manner that there is particle-to-
particle impeller rubbing action. These actions result in 
cleaning of the surface of the particles by removing or reduc-
ing the presence of slime coatings, kerogen smear, or 
oxidized layers. The scrubbing also helps in breaking up the 
fine particle agglomerate and dispersing the particles 
throughout the slurry. This scrubbing, therefore, sig-
nificantly increases the effectiveness of the conditioning and 
separation steps which follow, resulting in a product increase 
in both grade and recovery. 

Conditioning Step 

Following scrubbing, the feed slurry is transferred to a con-
ditioning step, in which agents are added to condition the 
slurry and make it amenable to the froth flotation separa-
tion. Two primary conditioning agents are employed. 

The first, broadly termed collectors, are agents which change 
the surface characteristics of the solids in the slurry to make 
the organic component more hydrophobic, and therefore 
more susceptible to froth flotation separation. The primary 
collectors used are oils which are themselves hydrophobic 
and increase the grade and hydrophobicity of the kerogen 
when they interact with it. 

The second principal conditioning agent is a frother. The 
purpose of the frother is to produce sustaining frothing in 
the slurry when air or other gases are bubbled through it.

An increase in the concentration of the frother in the con-
ditioning step ordinarily helps increase kerogen recoveries. 
However, an excess amount leads to the production of exces-
sive froth which results in lower selectivity, higher water 
usage and greater entrapment of mineral matter and lower 
grades. Examples of preferred frothers include carbonyls, 
particularly methylisobutyl carbonyl (MIBC), polypropylene 
glycol, phenols, and short-chain alcoholic ethers. The collec-
tor and frother may also be the same agent if they act essen-
tially as both types of agents, a preferred combined agent 
being pine oil. 

Froth flotation Step 

From the conditioning step, the conditioned feed is sub-
jected to separation by froth Rotation. In the froth flotation 
step, air or other gas bubbles are introduced into the condi-
tioned slurry, and the kerogen-rich particles, increased in 
hydrophobicity by the collector, are floated to the top of the 
slurry in a froth, while the kerogen-lean particles remain be-
hind in suspension. The kerogen-rich froth is ordinarily 
skimmed from the surface of the slurry using paddles. 

Multiple froth flotation stages may also be employed, consist-
ing of scrubbing, conditioning, and froth flotation, in order 
to control the concentration and grade of the final kerogen 
product. Recycling of the kerogen-lean middlings back 
through the multiple flotations can also significantly increase 
organic recovery, up to 90 percent or greater. 

Oil Agglomeration/Dewatering Step 

The froth concentrate from froth flotation ordinarily con-
tains 10 to 20 percent solids and about 30 percent water. 
This concentration can be further upgraded by oil agglomera-
tion and dewatering. By the addition of oil to the slurry and 
subjection to a controlled shear condition, the kerogen-rich 
materials and the oil tend to form an agglomerate which is 
substantially coarser than the mineral refuse. These ag-
glomerates can then be separated effectively, and dewatered 
to about 8 percent moisture resulting in a preferred organic 
upgrading. 

In a preferred embodiment, the froth concentrate is passed 
to a series of two tanks. In the first, light hydrocarbons such 
a naphtha are added. The mixture is agitated at a high shear 
rate. The organic-rich materials are agglomerated into a 
microfine agglomerate in a 10 to 20 percent solids slurry. 
This slurry is then passed to a second tank where heavier 
oils, such as shale oil which may be recycled, or refinery bot-
toms are added. The slurry is agitated at a slower rate, 
giving the agglomerates time to grow. The preferred ag-
glomerate size is that which will pass over an inclined screen 
or sieve bend. The water and suspended mineral refuse 
passes through the screen leaving the organic-rich, 
dewatered agglomerates on top. 
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The organic rich material is ordinarily then subjected tb fur- 	 hydrotreating or other processes for producing a usable 
ther processing such as retorting, solvent extraction, 	 hydrocarboriaceous product. 
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INTERNATIONAL 

KUKERSITh FINES EXTRACTED WITH 
SUPERCRITICAL BENZENE 

An article in the Russian-language journal 211 Shale reports 
experiments on extracting fine-ground Estonian kukersite 
with near-critical extractants. Because of problems encoun-
tered in trying to retort kukersite fines, the extraction proce-
dure could serve as an alternate method of recovery. 

The paper deals with the gas extraction of commercially ex-
ploited kukersite oil shale and aims at comparing the ef-
ficiency of extraction (extract yield) with that of some other 
thermal destruction procedures. The extraction with sub-
and supercritical benzene of kukersite lines (particle size less 
than 160 microns) was carried out in a semicontinuous 
laboratory unit. 

With supercritical benzene, the high thermobitumen yield 
(63 percent on kerogen) was obtained at 340 0C. Marginally 
subcritical and overheated benzene vapor is not so effective 
and the highest extract yield was gained only at higher tem-
peratures (3800C). It was established that extraction 
proceeded at a sufficiently high rate over the first hour. The

extraction rate depends on the liquefaction temperature, sol-
vent vapor density and its pumping velocity. The disad-
vantages of extraction are a high molecular weight product 
as compared with semicoking oil, and sensitivity of composi-
tion to process duration. 

To obtain some information about the dependence of extract 
composition on process duration, the extracts from different 
time intervals were studied by infrared spectroscopy. It was 
established that with increasing phenolic groups, the con-
centration of carbonyl-containing groups decreases. At the 
same time, the difference in molecular weight of extracts in-
creases from the first up to the last time interval by 
13 percent. It was concluded that rearrangement of some 
structural units in the kerogen structure during extraction 
takes place. 

The authors suggest that liquefaction of oil shale fines with 
special extractants (aromatic hydrocarbons) should be con-
sidered as an alternative to the fluidized bed semicoking pro-
cedure only with supercritical conditions of the proper extrac-
tant.
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ENVIRONMENT 

UNOCAL CITES POSITIVE ENVIRONMENTAL 
EXPERIENCE 

Unocal Corporation says its operation of the first commer-
cial scale oil shale facility near Parachute, Colorado has 
provided a positive environmental experience. The 
company's environmental administrator, W.L. Shaffer, 
detailed Unocal's experience at the Alternate Energy '91 con-
ference held in Scottsdale, Arizona in April. 

Unocal constructed the only commercial size shale oil facility 
in the United States in western Colorado near the town of 
Parachute in Garfield County (Figure 1). An Environmental 
Monitoring Plan (EMP) was submitted to the United States 
Treasury Department in May 1986 and was approved in 
November 1986. The EMP was designed as an ongoing 
program designed to monitor the emissions and releases 
from the project during production and post-production ac-
tivities. 

Air Quality 

Both regulated (compliance) and unregulated 
(supplemental) air quality monitoring has been conducted at 
Unocal's Parachute Creek Project. 

According to Shaffer, the results of the ambient air quality 
monitoring in the Parachute Valley continually reaffirm that 
the air quality is very good at the project site. Pollutant 
levels for SO,, NO ThP, PM 10 and ozone constantly 
remain below Tederal and state air quality standards, and fre-
quently at pre-operational levels. 

Visibility monitoring in the vicinity of the operation has 
shown that approximately 99 percent of the time visibility ex-
ceeds 100 kilometers. Visibility reductions below this level 
are created by outside influences such as forest fires or state 
highway construction activities. 

Source emissions were continually monitored at both the 
retort and upgrade facilities through the use of continuous 
emission monitors (CEM), which check the level of total sul-
fur release from the major emission points at each facility. 
Performance testing of the major emission points occurred in 
1987 and 1988. All test results were within the specified 
limits of Unocal's permits. 

Supplemental monitoring of air quality emission points was 
initiated with a trial" trip in 1988, followed by two additional 
monitoring trips in 1989 and 1990. The results of the 1990 
monitoring trip are currently under analysis. 

Concentrations of supplemental parameters measured at air 
emission points were compared to environmental levels of 
significance (LOS) to identify potential environmental issues.

Internal gas line data were analyzed to determine the ef-
ficiency of installed pollution control equipment for sup-
plemental parameters. The principal conclusions from these 
analyses are: 

- No supplemental parameters are routinely released 
from the facility in environmentally significant con-
centrations. 

- Particulate loadings were very low at all stacks. 

- Concentrations of gaseous trace elements, sulfur gases, 
and nitrogen gases are less than environmental levels 
of significance in all stacks except chlorine, chromium 
and arsenic at the water scrubber vent, and ammonia 
at the wetter scrubber vent and the upgrader Unisulf 
tailgas. 

- Concentrations of the 15 gaseous organic indicators 
(volatile and semivolatile) are less than levels of sig-
nificance in all emission points except benzene at the 
wetter scrubber vent, retort gravity separator fugitive 
emissions, and in the active basin fugitive emissions. 
Acetonitrile and thiophene concentrations exceeded 
the LOS at the wetter scrubber vent, but neither con-
stituent was detected in the industrial hygiene monitor-
ing program. 

The retort sulfur recovery unit removed 65 percent of 
the gaseous arsenic, 49 percent of the ammonia, more 
than 99 percent of the hydrogen sulfide, more than 
78 percent of the acetonitrile, 66 percent of the naph-
thalene, a trace of 2-butanone, and no benzene or 
thiophene. The residual concentrations of these 
detected parameters were well below levels of sig-
nificance for each constituent. 

Water Quality 

Regulated and unregulated monitoring of the ambient and 
source waters at the project site has been conducted. 

Because Unocal's facilities were designed and permitted as 
"no discharge" facilities, there are few water-related permits 
governing the operation of the project. In compliance with 
these permits, Unocal has conducted an operational ambient 
monitoring program. 

Both surface and ground water monitoring in close proximity 
to the retorted shale pile and adjacent to the storage of 
process reuse waters are the primary focus of the water 
quality monitoring program. 

Comparative analysis is periodically performed between 
operational monitoring results and background data to deter-
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mine if any impacts are occurring. Surface monitoring 
results are compared against state water quality standards to 
determine impact. Monitoring results to date have shown no 
impact to surface waters from the operation of the oil shale 
facilities. 

An indicator parameter, thiocyanate, is primarily used to 
determine impacts to ground waters susceptible to source 
contamination. Monitoring results to date have shown no 
evidence of any contamination from process water sources 
(e.g. water impoundments, retorted shale, etc.) to any receiv-
ing ground waters. 

Wetter stream water is the only supplemental water stream 
that has been monitored to date. The other water sites, 
retorted shale pile runoff and retorted shale pile leachate, 
were planned to be monitored in 1991. 

The potential environmental significance of the wetter 
stream water is not evaluated because wetter water is not dis-
charged to the environment. The wetter stream is used to 
cool and moisturize retorted shale, and any residues from 
the wetter stream that were to reach the environment would 
be greatly reduced compared to monitored concentrations. 

Biological Quality 

Monitoring of the biological quality in the vicinity of the 
Project facilities is an on-going program, with data gathering 
and analysis of both disturbed and non-disturbed areas.

Reclamation monitoring of the retorted shale disposal pile 
reveals that revegetating the pile has been successful despite 
near drought conditions since 1987. Vegetation cover, den-
sity and diversity of established reclaimed areas exceed 
nearby undisturbed areas. 

According to Shaffer, Unocal's reclamation practices 
provide almost immediate reestablishment of the soil cover 
on the retorted shale, as well as year round seeding and 
mulching as the pile construction progresses. 

Project wildlife monitoring, primarily the gathering and 
analysis of data on elk and mule deer population and raptor 
utilization in the vicinity, shows no adverse impacts from the 
operation. 

Shaffer says that the monitoring results reflect a positive en-
vironmental experience for Unocal in its operation of a com-
mercial oil shale facility. Unocal has demonstrated that 
through sound environmental planning oil shale can co-exist 
with the natural environment with minimal impact. 

fl## 
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WATER 

SHELL FILES FOR WATER RIGHTS ON PACIFIC 
PROPERTY 

The Office of the Water Clerk for Colorado Water Division 
No. 5 reports that in application 91CW022, Shell Western 
E. & P., Inc. has made application for surface water rights at 
Pacific Springs No. 1, No. 2, No. 3, No. 4, No. 6, No. 7 and 
No. 10 in Garfield County. 

Pacific Spring No. 1 is located in the NW1/4SE1/4 
Section 13, T6S, R98W. The amount claimed is 0.02 cubic 
feet per second; the source is a tributary to Clear Creek, 
tributary to Roan Creek, tributary to the Colorado River. 

Pacific Spring No. 2 is located in the SEI/4NW1/4 
Section 24, T6S, R98W. The amount claimed is 0.06 cubic 
feet per second; the source is a tributary to Clear Creek, 
tributary to Roan Creek, tributary to the Colorado River. 

Pacific Spring No. 3 is located in the NEI/4NE1/4 
Section 26, T6S, R98W. The amount claimed is 0.03 cubic 
feet per second; the source is a tributary to Clear Creek, 
tributary to Roan Creek, tributary to the Colorado River. 

Pacific Spring No. 4 is located in the SWI/4SE1/4 
Section 19, T6S, R97W. The amount claimed is 0.02 cubic

feet per second; the source is.a tributary to Conn Creek, 
tributary to Roan Creek, tributary to the Colorado River. 

Pacific Spring No. 6 is located in the SE1/4SE1/4 Section 7, 
T6S, R97W. The amount claimed is 0.05 cubic feet per 
second; the source is a tributary to Conn Creek, tributary to 
Roan Creek, tributary to the Colorado River. 

Pacific Spring No. 7 is located in the NWI/4NW1/4 
Section 7, T6S, R97W. The amount claimed is 0.06 cubic 
feet per second; the source is a tributary to Clear Creek, 
tributary to Roan Creek, tributary to the Colorado River. 

Pacific Spring No. 10 is located in the NE1/4SE1/4 
Section 7, T6S, R97W. The amount claimed is 0.04 cubic 
feet per second; the source is a tributary to Conn Creek, 
tributary to Roan Creek, tributary to the Colorado River. 

The total amount of surface water rights claimed from the 
seven springs is 0.28 cubic feet per second. The initial date of 
appropriation is listed as June 1, 1940. The proposed use of 
the water is stock watering (absolute). 
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RESOURCE 

PICEANCE BASIN BECOMING ACTIVE AREA FOR 
COALBED METHANE PRODUCTION 

The recent 2-year extension of federal tax credits on coalbed 
methane, which is considered an alternative fuel, will likely 
result in extensive drilling activity in Colorado's Piceance 
Basin in 1991 and 1992. 

The Gas Research Institute estimates that the area holds 
84 trillion cubic feet of coalbed methane, while the American 
Association of Petroleum Geologists says Piceance Basin 
reserves could be as high as 110 trillion cubic feet. The 
prospect of long-term production coupled with extended tax 
credits could produce a boom in coalbed methane drilling in 
northwest Colorado, according to industry analysts. 

Currently, coalbed methane accounts for about 5 percent of 
Colorado's natural gas production. However, I Stowell, 
deputy director of the Colorado Oil and Gas Conservation 
Commission, says he expects that figure to grow to 
25 percent in the next 2 to 3 years. 

Production will hinge on the availability of pipelines to move 
the product from isolated wells to consumer markets. Three 
major pipeline proposals, reported to be under considera-
tion, would link the Piceance Basin wells to markets in 
California and the Midwest. Colorado Interstate Gas Com-
pany, Northwest Pipeline and the TransColorado Pipeline 
are eyeing the situation and will help gas producers transport 
their product. 

Some of the expected increase in production may come from 
horizontal drilling technology now being tested in wells south 
of Silt and in Routt County, Colorado. However, experts say 
this technique could double drilling costs over those for con-
ventional vertical techniques. On the other hand, some of 
these horizontal wells could produce as much as several verti-
cal wells. 

Local landowners are concerned about the potential for land 
and water pollution. Wells initially produce large amounts 
of water which may be contaminated. There is also the pos-
sibility that drilling could contaminate aquifers which are 
used for drinking water. 

Although the Piceance Basin coal deposits are not geographi-
cally the same as the Piceance Basin oil shale deposits, there 
are deep coal seams beneath the oil strata which could be-
come targets for coalbed methane recovery. Furthermore, 
appreciable amounts of methane are present in the oil shale 
itself near the center of the oil shale basin. The Bureau of 
Mines Horse Draw mine was classified a gassy mine. In the

saline zone, methane contents of up to 100 cubic feet per ton 
have been measured. 

BLM SOLICITS INTEREST IN PICEANCE BASIN 
SODIUM LEASES 

The United States Bureau of Land Management (BLM) is 
seeking expressions of interest in competitive sodium and/or 
multimineral leases within the Piceance Creek Basin in Rio 
Blanco and Garfield counties in northwestern Colorado. 

The Piccance Creek Basin is known to contain nahcolite and 
dawsonite commingled with oil shale. This area occupies 
about 400 square miles and is estimated to contain as much 
as 29 billion tons of nahcolite, 19 billion tons of dawsonite, 
and 100 billion barrels of shale oil. 

In 1968, the Secretary of the Interior withdrew deposits of oil 
shale from sodium leasing except for multiple development 
of the minerals and other resources. A multimineral lease 
would allow mining of both sodium and oil shale, either for 
commercial operations or for research into the joint develop-
ment of these resources. 

There are five existing sodium leases in the Piceance Creek 
Basin; production has begun on four of these leases. 

BLM's land use plan provides for future sodium or multi-
mineral leasing if demand warrants and the oil shale 
resource can be protected from damage. 

"The Colorado State Office of the ELM needs to determine 
the potential demand for these sodium resources," said 
F. Salwerowia, deputy state director for mineral resources. 
"The response will determine if there will be a competitive 
sodium and/or multimineral leasing program for the 
Piceance Creek Basin." 

Interested parties were requested to submit the following in-
formation: 

The quantity and quality of minerals desired, listing 
type (sodium only or multintineral), total amount 
and annual average amount of reserves 

The desired lease tract(s) within the saline zone 

The proposed mining method and anticipated 
development timeframes 
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The potential uses of the minerals; including in-
tended or potential markets and location 

- Transportation needs and proposed routes to exist-
ing or proposed facilities and markets, such as 
roads, pipelines, etc.

For sodium-only leases, the proposed method or 
design that might be used to protect the oil shale 
resource
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SOCIOECONOMIC 

SOCIOECONOMIC IMPACT OF UNOCAL SHUTDOWN 
UNCERTAIN 

The announced shutdown of Unocal's Parachute Creek 
Shale Oil Project threatens to idle most of the plant's 680 
employees and contract workers. In Parachute, Colorado, a 
town of less than 800 people, nearly everyone will feel the 
impact. 

Beginning in June, Unocal will start laying off a portion of its 
480 full-time employees and 200 contract workers. Unocal 
has offered 10 weeks of bonus pay to workers who stay until 
they are laid off and a layoff allowance of 2 week's pay for 
every year of service. In addition, employees who are laid 
off will receive up to 6 months of contributions for medical 
and dental insurance coverage. 

In May, a Unocal spokesman said that the layoffs will come 
in phases with just 80 workers being laid off on June 1. The 
retort will be shut down on June 1, but the plant will con-
tinue to process the shale oil already on hand. The upgrade 
facility will continue to operate for another 4 to 6 weeks into 
July. 

Workers will be laid off in steady numbers over the summer 
months. By September 1, there will only be 66 workers left 
at the plant. By October 1, there will be less than 12. An 
environmental monitoring crew of approximately 
10 employees will remain at the plant indefinitely. 

Mesa and Garfield counties will each receive block grants of 
$100,000 from Unocal to help them manage the impact of 
the shutdown. The company will also continue its contribu-
tions to the United Way through 1992. 

The impact of the shutdown, however, will reach far beyond 
those directly employed by Unocal. With 680 people 
employed directly by Unocal, a conservative estimate of 
secondary employment supporting these people in their com-
munities is another 700 workers. Thus, Unocal's shutdown 
has the potential to put as many as 1,380 people out of work. 
In sparsely populated northwest Colorado, the loss of that 
many jobs is significant. 

A study conducted in 1990 by the Associated Governments 
of Norihwest Colorado (AGNC) estimates the population in 
northwest Colorado to be about 150,000 people, with almost 
120,000 living in Mesa and Garfield counties. According to 
the AGNC study, in 1989 there were 2,446 energy related 
jobs in those two counties. The study says that the plant shut-
down could result in a population decrease of more than 
3,800 people in the two-county area. 

The potential impact on Garfield County is further compli-
cated by the recent closure of the Mid-Continent Redstone

Coal Mine. This closure was announced in January, laying 
off 477 mine and contract employees, more than half of 
whom lived in Garfield County. 

The AGNC study estimates the overall economic impact of 
the shutdown in western Colorado at $623 million per year. 
Lost wages from direct and secondary employment are es-
timated at $40 million annually. Local utility payments to-
taled $11.8 million in 1990 and local purchases by Unocal 
averaged $7.5 million annually. 

In Garfield County this year, Unocal will pay $2.7 million in 
property taxes, 14 percent of the total. While the property 
valuation will not start to drop until next year and will not go 
to zero, 91 percent of the company's property taxes are based 
on oil production. 

A number of taxing districts will be hard hit by the shut-
down, but the most heavily impacted will be the school dis-
trict in Garfield County where Unocal currently contributes 
approximately 68 percent or the property tax revenues. Uno-
cal also contributes 35 percent of the local hospital district 
and 54 percent of the recreation district property tax 
revenues. 

Area merchants will certainly feel the impact of the shut-
down as it is reflected in their sales receipts, some more than 
others. Concurrently, area sales tax revenues will also drop 
substantially. The AGNC study estimates that local sales tax 
revenues will fall by about $400,000 in western Colorado. 

The magnitude of the economic impact is as yet unclear, but 
it appears likely that a number of businesses will close their 
doors. Howevei, some merchants, mostly oldtimers who 
have seen more than one oil shale boom come to an abrupt 
stop, say they will survive this "bust' the same way they sur-
vived the others before this. 

The Parachute Creek Project reported a $22 million loss in 
1989. In 1990, even though syncrude production reached a 
record 1.5 million barrels, the project posted an after tax loss 
of $7 million. With continuing losses in 1991 and saying that 
the company could no longer afford to absorb the losses, 
R.J. Stegemeier, chairman, president and chief executive of-
ficer of Unocal Corporation, announced on March 26, 1991, 
that Unocal would suspend production operations at the 
shale oil project effective June 1. Stegemeier said, 1'he dif-
ficult part of the decision to suspend production is the im-
pact on our employees at the plant and their families." 

Unocal has said it will set up job placement services for its 
employees and Colorado's Governor Romer has said that 
the state will provide relocation assistance. To help mitigate 
the socioeconomic impacts, Colorado has a Local Govern-
ment Energy Impact Program. This program is funded by 
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15 percent of all mineral royalties paid by energy develop-
ment on federal lands, plus 50 percent of all state severance 
taxes.

mented it does not approach the devastation brought on by 
Exxon's sudden departure. 

Gray Tuesday, the day the shutdown was announced, was a 
bleak day in Parachute and the surrounding area. Reactions 
to Unocal's announcement ranged from shock and anger to 
expressions of gratitude for the number of years the project 
did last. The announcement brought on somber moods and 
quiet anxiety. While no one was pleased by the project's 
closure, most were pleasantly surprised by the 2-month lead 
time and grateful for the assistance offered by Unocal to 
help ease the transition. 

In fact, Gray Tuesday pales in comparison to Black Sunday, 
the day in 1982 when Exxon closed its Colony oil shale 
project almost overnight, throwing 2,200 employees out of 
work. Unocal's shutdown and the way they have imple-

But sudden or not, the boom and bust cycle which has charac-
terized energy development in the West for most of this cen-
tury continues to take its social and economic toll- The 
area's long time residents are those most hurt by the tremen-
dous fluctuations in the local economy and by the constant 
uncertainty in nearly every aspect of their lives. Most resi-
dents express some degree of dread and apprehension, but 
have come to accept that the cycle of boom and bust will con-
tinue, yet each time hoping it will not. Even in the wake of 
Gray Tuesday, there are those who are already anticipating 
the next energy boom. They believe that the huge deposits 
of oil shale in the region will not be ignored. Eventually the 
developers will be back.

"#4 
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RECENT OIL SHALE PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the 24th Annual Oil Shale Symposium held April 23-24,1991 in Golden, Colorado: 

Cole, R., "Methane Occurence in Saline Zone of Parachute Creek Member of Green River Formation, North Central 
Piceance Creek Basin, Colorado." 

Dyni, J.R, et al., "Oil-Shale Resources of the Mahogany Zone of the Green River Formation, Eastern Uinta Basin, Utah." 

Heistand, RN., et al., "Robert B. Crookston - His Oil Shale Achievements, His Collections, and the Tell ErtI Oil Shale 
Archives." 

Preece, D.S., "Blasting Induced Rock Motion Modeling Including Gas Pressure Effects." 

Weiss, ES., et al., "Field Evaluations with a Low Incendive Blasting Agent in Oil Shale Mines." 

Grimm, U., et al., "Attrition and Breakage of a Western Reference Oil Shale at Process Temperatures." 

Bridges, I.E., et al., "Update on the Radio Frequency In Situ Extraction of Shale Oil." 

Streeter, W.S., et al., "Economic Aspects for Oil Shale Production Using RF In Situ Retorting." 

Merrill, L.S., et al., "Oil Shale Retorting with Steam and Recycle Gas." 

Cena, Ri., "Hot Recycle Solids Pilot Plant 1991 Status Report." 

Aldis, D.F., et al., "Analysis of Particle Slip and Drag in a Lift Pipe Used in the Hot-Recycle-Solid Oil Shale Retort." 

Mushrush, G.W., et al., "Chemical Basis of Middle Distillate Fuel Instability." 

McWhorter, D.B., et al., "Exploitation of Shale Hydration for Leachate Control in Disposed Oil Shale." 

Shaffer, W.L., "The Positive Environmental Experience at Unocal's Commercial Shale Oil Project." 

Ziemkiewicz, P.F., "Environmental Analysis of Proof-of-Concept Oil Shale Project, Colorado Tract C-b." 

Lukens, LA., et al., "The Commercial Feasibility of Producing Shale-Oil-Modified Asphalt." 

Evans, J., "Socioeconomic Impact of the Unocal Oil Shale Project." 

The following papers were presented at the 201st ACS National Meeting held in Atlanta, Georgia, April 14-19,1991: 

Hangers, WA., et al., "Mechanisms of Hydrocarbon Formation During Nash Pyrolysis of Kerogen." 

Sinninghe, .1.5., et al., "Alkylpyrroles in Kerogen Pyrolysates: Evidence for Abundant Macromolecularly-Bound Tetrapyrrole 
Pigments." 

Eglinton, T.1., et al., "Stable Carbon Isotopic Composition of Individual Products from Flash Pyrolysis of Kerogens." 

The following paper was presented at the Council on Alternate Fuels meeting, Alternate Energy '91, held in Scottsdale, Arizona, 
April 16-19: 

Shaffer, W.L., "Positive Environmental Experience at Unocal's Commercial Shale Oil Project." 
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OIL SHALE - PATENTS 

"Process for the Hydrodenitrogenation and Hydrocracking of High Nitrogen Feeds," Albert L. Hensley, Jr., Thomas D. Nevitt, 
A. Martin Tait - Inventors, Amoco Corporation, United States Patent Number 4,981,576, January 1, 1991. There is disclosed a 
catalyst, which catalyst comprises a hydrogenation component comprising chromium, molybdenum, and at least one metal of Group 
VIII, a crystalline molecular sieve zeollte, and a porous refractory inorganic oxide. Suitable molecular sieve zeolites are those having 
pore diameters of at least 5 (0.5 nanometer) and containing exchangeable cations, for example, faujasite-type crystalline aluminosili-
cates, rnordenitetype crystalline aluminosilicates, ZSM-type crystalline aluminosilicates, and AMS-type crystalline metallosilicates. 
There are also disclosed processes for the hydrodenitrogenation and hydrocracking of a hydrocarbon stream containing a substantial 
amount of nitrogen compounds, which processes comprise contacting said stream under suitable conditions and in the presence of 
hydrogen with the aforesaid catalyst. 

wMultiStage Wax Hydrocracking," John J. Lipinski, James R. Nye. Milos Soudek - Inventors, Coastal Eagle Point Oil Company, 
United States Patent Number 4,994,170, February 19, 1991. A process for hydrodewaxing a petroleum or shale oil fraction, e.g., 
petroleum distillate, over a shape selective zeolite in the presence of hydrogen wherein the dewaxing is conducted in at least two 
stages, with some of the hydrogen added to first stage effluent. Dewaxed feed, and a high octane gasoline byproduct are obtained as 
products.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1991) 

ACORN PROJECT - (See Stuart Oil Shale Project) 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (S-30) 

Construction on the Chatham circulating bed demonstration project was completed in 1986 with commissioning of the new boiler. 
A joint venture of Energy, Mines and Resources Canada and the New Brunswick Electric Power Commission, this project consists 
of a circulating fluidized-bed boiler of Lurgi design that supplies steam to an existing 22-MW turbine generator. High-sulfur coal 
was co-combusted with carbonate oil shales and also with limestone to compare the power generation and economics of the two 
cocombustants in the reduction of sulfur emissions. A full capacity performance-guarantee test was carried out in May 1987, on 
coal, time and oil shale. Testing with oil shale in 1988 showed shale to be as effective as limestone per unit of calcium contained. 
However, bulk quantities of oil shale were found to have a lower calcium content than had been expected from early samples. No 
further oil shale testing is planned until further evaluations are completed. 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (S40) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Sall Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (STB) retort process. Information obtained from the semi-works project would allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

Chevron is continuing to develop and protect its conditional water rights for use in future shale oil operations at both its Clear 
Creek and Parachute Creek properties. 

Project Cost: Semi-Works - Estimated at $130 million 

COLONY SHALE OIL PROJECT - Exxon Company USA (S-SO) 

The proposed 47,000 barrels per day project is on Colony Dow West property near Parachute, Colorado. Underground room-and-
pillar mining and Tosco II retorting was originally planned. Production would be 66,000 tons per day of 35 gallons per ton shale 
from a 60-foot horizon in the Mahogany zone. Development was suspended in October 1974. 

A draft EIS covering the plant, a 196-mile pipeline to Lisbon, Utah, of minor land exchanges was released in December 1975 and 
the final EIS was later issued. EPA issued a conditional prevention of significant deterioration permit in November 1979. Land ex-
change was consummated on February 1, 1980. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in the project for 
up to $400 million. The preferred pipeline destination was changed to Casper, Wyoming, and the final EIS supplement was com-
pleted. Work on Battlement Mesa community commenced summer 1980. The Colorado Mined Land Reclamation permit was ap-
proved October 1980. 

CF. Braun was awarded contract for final design and engineering of Tosco II retorts. Brown & Root was to construct the retorts. 
Stearns-Roger was awarded a contract for design and construction liaison on materials handling and mine support facilities. DOE 
granted Tosco $13 billion loan guarantee in 1981. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the Colony Shale Oil Project. Tosco 
responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 percent interest. Exxon has completed 
an orderly phase down of the project and has sold the partially completed Battlement Mesa complex. An Exxon organization 
remained in the Parachute area for several years to perform activities including reclamation, some construction, security, safety, 
maintenance, and environmental monitoring. These activities were designed to maintain the capability for further development of 
the Colony resource when economics become attractive. In December 1989, Exxon closed its Grand Junction project office. Ad-
ministration of ongoing site reclamation, maintenance, and environmental monitoring was transferred to the Houston, Texas office. 

Project Cost: Estimated in excess of $5- $6 billion 

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum - SO percent (S-60) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 of the 
Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a development 
of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 
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COMMERCIAL PROJECTS (Continued) 

Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants and 
supported by independent international contractors and engineers. 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicated that such a plant would have involved a capital cost of US$2,300 million and an an-
nual avenge operating cost of US$265 million at full production, before tax and royalty. (MI figures are based on mid-1983 
dollars.) Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and 
progressive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 million barrels of oil in 
situ, measured at a cut-off grade of 50 liters per ton on a dry basis. The case study project would utilize only 600 million barrels, 
over a nominal 32 year life. The deposit is amenable to open pit mining by large face shovels, feeding to trucks and in-pit breakers, 
and then by conveyor to surface stockpiles. Spent shale is returned by conveyor initially to surface dumps, and later back into the 
pit. 

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the 'fines' process owned by Largi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 30,000 tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

Raw shale oil from the retort would require further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels 
per day upgrading plants are incorporated into the project design. 

MI aspects of infrastructure supporting such a project were studied, including water and power supplies, work force accommoda-
tion, community services and product transportation. A 110 kilometer pipeline to the port of Mackay is favored for transfer of 
product oil from the plant site to marine tankers. The study indicated that there were no foreseeable infrastructure or environmen-
tal issues which would impede development. 

Market studies suggested that refiners in both Australia and Japan would place a premium on Condor shale oil of about US$4 per 
barrel over Arabian Light crude. Average cash operating cost at full production was estimated at US$20 per barrel of which more 
than US$9 per barrel represents corporation taxes and royalty; 

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,ODO tons of oil shale from the Condor deposit, 
crushed it to produce 20,000 tons and shipped it to Japan in late 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in Kyushu in early 1987. The Condor shale sample was processed satisfac-
torily in the pilot unit. 

In 1988 SPP/CPM began studies to assess the feasibility of establishing a semi-commercial demonstration retorting plant at Condor 
similar to that being designed for the Stuart deposit. Samples of Condor shale were shipped to Canada for testing in the Taciuk 
process. 

Project Cost: $2.3 billion (mid-1983 U.S. dollars) 

ESTONIA POWER PLANTS - Union of Soviet Socialist Republics (S-SO) 

Two oil shale-fueled power plants with an annual output of 1,600 megawatts each are in operation in the Estonia district of the 
USSR. These were the first of their kind to be put into operation. 

About 95 percent of USSR's oil shale output comes from Estonia and Leningrad districts. Half of the extracted oil shale comes 
from surface mines, the other half from underground workings. Each of the nine underground mines outputs 3,000 to 17,000 tons 
per day, each of the surface mines outputs 8,000 to 14,000 tons per day. 

Exploitation of kukersite (Baltic oil shale) resources was begun by the Estonian government in 1918. In 1980, annual production of 
oil shale in the USSR reached 37 million tons of which 36 million tons come from the Baltic region. Recovered energy from oil 
shale was equivalent to the energy in 49 million barrels of oil. Most extracted oil shale is used for power production rather than oil 
recovery. In 1989, annual production of oil shale in the Baltic region was as low as 28 million tons. More than 60 percent of 
Estonia's thermal energy demand is met by the use of oil shale. Fuel gas production was terminated in 1987. 
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COMMERCIAL PROJECTS (Continued) 

FLJSI-HJN COMMERCIAL SHALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun, China (S-90) 

The oil shale retorting industry in Fushun, China began in 1928 and has been operating for 60 years. Annual production of shale 
oil topped 780,000 tons in 1959. In that period, shale oil accounted for 30.50% of total oil production in China. 

At Fushun, oil shale overlies a coal bed which is being mined. Because the oil shale must be stripped in order to reach the coal, it 
is economical to retort the shale even though it is of low grade. Fischer Assay yield is about 53% oil, on average. 

Currently, only 40 retorts are operating, each retort processing 200 tons of oil shale per day. Other retorts have been shut down 
because of site problems not related to the operation of the retorts. Shale oil production is on the order of 100,000 tons per year. 

Direct combustion of oil shale fines in an ebullated bed boiler has been tested at Fushun Refinery No. 2. 

Shale oil is currently being used only as a boiler fuel, but a new scheme for upgrading Fushun shale oil has been studied. In the 
proposed scheme, shale oil is first treated by exhaustive delayed coking to make light fractions which are then treated successively 
with dilute alkali and sulfuric acid to recover the acidic and basic non-hydrocarbon components as fine chemicals. The remaining 
hydrocarbons, containing about 0.4 percent N can then be readily hydrotreated to obtain naphtha, jet fuel and light diesel fuel. 
This scheme is said to be profitable and can be conveniently coupled into an existing petroleum refinery. 

ISRAELI RETORTING DEVELOPMENT - (See PAMA Oil Shale-Fired Power Plant Project) 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (5-110) 

Jordan's oil shale deposits are the country's major hydrocarbon resource. Near-surface deposits of Cretaceous oil shale in the 
lribid, Karak, and Ma'an districts contain an estimated 44 million barrels of oil equivalent. 

In 1986, a cooperative project with Romania was initiated to investigate the development of a direct-combustion oil-shale-fired 
power plant. Jordan has also investigated jointly with China the applicability of a Fushun-type plant to process 200 tons per day of 
oil shale. A test shipment of 1,200 tons of Jordanian shale was sent to China for retort testing. Large-scale combustion tests have 
been carried out at Klocckner in West Germany and in New Brunswick, Canada. 

A consortium of Lurgi and Kloeckner completed in 1988 a study concerning a 50,000 barrel per day shale oil plant operating on U 
Lajjun oil shale. Pilot plant retorting tests were performed in Lurgi's LR pilot plant in Frankfurt, Germany. 

The final results showed a required sales revenue of $19.10 per barrel in order to generate an internal rate of return on total invest-
ment of 10 percent. The mean value of the petroleum products ex El Lajjun complex was calculated to be $21.40 per barrel. At 
that time a world oil price of $15.60 per barrel was needed to meet an internal rate of return on total investment of 10 percent. 

In 1988, the Natural Resources Authority announced that it was postponing for 5 years the consideration of any commercial oil 
shale project. 

KIVITER PROCESS - Union of Soviet Socialist Republics (S-120) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation- However, over 4 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts with crosscurrent flow of heat carrier gas and traditionally referred to as generators, is predominantly used in commer-
cial operation. The retorts have been automated, and have throughput rates of 200 to 220 tons of shale per day. Retorting is per-
formed in a single retorting (semi-coking) chamber. In the generators, low temperature carbonization of kukersite yields 75 to 
80 percent of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 KJ/cubic meters) is 450 to 500 cubic meters per ton of 
shale. 

To meet the needs of re-equipping of the oil shale processing industry, a new generator was developed. The first 1,000 ton-per-day 
generator of this type was constructed at Kohtla-Jam, Estonian 55k, USSR, and placed in operation in 1981. The new retort 
employs the concept of crcurrent flow of heat carrier gas through the fuel bed, with additional heat added to the semi-coking 
chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device into two 
semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retorting zone 
without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by introducing 
hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to control the 
temperature. Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed from the 
retort. The outside diameter of the retort is 9 meters.
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COMMERCIAL PROJECTS (Continued) 

The experience of the 1, TPD unit was taken into consideration to design two new units. In January, 1987, two new 1,000 TFD 
retorts were put in operation also at Kohtla-Jarve. Alongside these units, a new battery of four 1,500 TPD retorts, with a new cir-
cular chamber design, is planned. Oil yield of 85% of Fischer Assay is expected. Due to tightened regulations for environmental 
protection, the terms of the new battery commissioning have been shifted to 1994-1995. 

Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over 50 shale oil products (predominantly non-fuel) 
are currently produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced 
as by-product in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meters. After desulfurization, it is 
utilized as a local fuel for the production of thermal and electric power. 

Pulverized oil shale ash is also finding extensive use in the fertilizer and cement industries. 

Project Cost: Not disclosed 

MAOMINCI COMMERCIAL SHALE OIL PLANT - Maoming Petroleum Industrial Corporation, SINOPEC, Maomin& China (5-130) 

Construction of the Maoming processing center began in 1955. Oil shale is mined by open pit means with power-driven shovels, 
and electric locomotives and dump-cars. Current mining rates are 33 million tons of oil shale per year. Approximately one-half is 
suitable for retort feed. The Fischer Assay of the oil shale averages 63% oil yield. 

Two types of retort are used: a cylindrical retort with a gasification section, and a rectangular gas combustion retort. Oil shale 
throughput is 150 and 185 tons per day per retort, respectively. The present facility consists of two batteries containing a total of 48 
rectangular gas combustion retorts and two batteries with a total of 64 cylindrical retorts. 

Production at Maoming has been approximately 100,000 tons of shale oil per year. Although the crude shale oil was formerly 
refined, it is now sold directly as fuel oil. 

Shale ash is used in making cement and building blocks. 

A 50 megawatt power plant burning oil shale fines in 3 fluidized bed boilers has been planned. 
Detailed compositional studies or the Maoming shale oil have been completed. These studies can be used to improve the utiliza- 
tion of shale oil in the chemical industry. 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (S-140) 

Mobil has indefinitely deferred development plans for its shale property located on 10, 	 acres five miles north of Parachute. The 
United States Bureau of Land Management completed an Environmental Impact Statement for the project in 1986. 

MOROCCO OIL SHALE PROJECT - ONAREP, Royal Dutch/Shell (S-ISO) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at Timandit, 
Tangier, and Tarfaya from which the name T3 for the Moroccan oil shale retorting process was derived. 

In February 1982, the Moroccan Government concluded a $43 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con- 
straints of low oil prices and the relatively low grade of oil shale. 

Construction of a pilot plant at Timandit was completed with funding from the World Bank in 1984. During the first quarter of 
1985, the plant went through a successful shakedown test, followed by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the fl process. More than a dozen single 
retort tests were conducted to prove the process feasibility as well as to optimize the process conditions. The pilot plant utilizes 
the T3 process developed jointly by Science Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres 
(ONAREP) of Morocco. The D process consists of a semi-continuous dual retorting system in which heat from one vessel that is 
being cooled provides a portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 
100 tons of raw shale per day capacity using 17 gallons per ton shales. The design of a demonstration plant, which will have an ini-
tial output of 280 barrels per day, rising to 7,800 barrels per day when full scale commercial production begins, has been deferred. 
A commercial scale mine development study at Timandit was conducted by Morrison-Knudsen. 

The 73 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP extensive process option studies based on all major processes available in the United States and abroad 
and made a recommendation in several categories based on the results from the economic analysis. An oil-shale laboratory includ-
ing a laboratory scale retort, computer process model and computer process control, has been established in Rabat with assistance 
from Science Applications, Inc.
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COMMERCIAL PROJECTS (Continued) 

The project, inactive for some time, began being reconsidered in 1990 by the equal partners. The viability of a 50,000 barrel per 
day plant that would process 60 million tonnes of shale is under examination. ONAREP expects the cost of development to be 
around $24 .25 a barrel. 

Project Cost: $23 billion (estimated) 

OCCIDENTAL MIS PROJECT— Occidental Oil Shale, Inc. (S-20) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by Occidental Oil Shale, Inc. A modified detailed development plan for a 57,000 barrels per day modified in situ plant was 
submitted in March 1977 and subsequently approved in April 1977. The EPA issued a conditional Prevention of Significant 
Deterioration (PSD) pàrmit in December 1977 which was amended in 1983. 

Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, and high interest 
rates. The project sponsors applied to the United States Synthetic Fuels Corporation (SFC) under the third solicitation in January 
1983 and the project was advanced into Phase II negotiations for financial assistance. On July 28, 1983 the SFC announced it had 
signed a letter of intent to provide up to $2.19 billion in loan and price guarantees to the project. However, Congress abolished the 
SFC on December 19, 1985 before any assistance could be awarded to the project. 

Three headframes—two concrete and one steel—have been erected. Four new structures were completed in 1982: control room, east 
and west airlocks, and mechanical/electrical rooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 to reflect the reduced level of activity. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit. Environmen-
tal monitoring has continued since completion of the two-year baseline period (1974-1976). 

On April 1, 1987, the Bureau of Land Management, United States Department of the Interior, granted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of five years. Meanwhile, pumping of the mine inflow water 
continued in order to keep the shaft from being flooded. 
Although Congress appropriated $8 million in fiscal year 1991, Occidental declined to proceed with the $225 million 'proof-of-
concept' modified in situ (MIS) demonstration project lobe located on the C-b tract. In January 1991 Occidental announced its in-
tention to shelve the demonstration project in an effort to reduce company debt. The announcement came only a month after the 
death of Oxy chairman, Armand Hammmer, a tong-time supporter of oil shale. 

The project was to be a 1,200 barrel per day demonstration of the modified in situ (MIS) retorting process. Estimates indicate that 
there are more than 43 billion barrels of recoverable oil at the site. Also included in the project were plans for a 33 megawatt oil 
shale fired power plant to be built at the C-b tract. Such a power plant would be the largest of its kind in the world. 

At the end of the demonstration period, Occidental had hoped to bring the plant up to full scale commercial production of 2,500 
barrels of oil per day. 

Project Cost: $225 million for demonstration 

PAMA OIL SHALE-FIRED POWER PLANT PROJECT - PAMA (Energy Resources Development) Inc. (S-270) 

PAMA, an organization founded by several major Israeli corporations with the support of the government, has completed extensive 
studies, lasting several years, which show that the production of power by direct combustion of oil shale is technically feasible. Fur-
thermore, the production of power still appears economically viable, despite the uncertainties regarding the economics of produc-
tion of oil from shale. 

PAMA has, therefore begun a direct shale-fired demonstration program. A demo plant has been built that is in fact a commercial 
plant, co-producing electricity to the grid and low pressure steam for process application at a factory adjacent to the Rotem oil 
shale deposit. The oil-shale-fired boiler, supplied byAhlstrom, Finland, is based on a circulating fluid bed technology. 

The 41 megawatt plant is a cogeneration unit that will deliver 50 tons per hour of steam at high pressure. Low-pressure steam will 
be sold to process application in a chemical plant, and electricity produced in a back-pressure turbine will be sold to the grid. Com-
missioning was begun in August 1989 and oil shale firing began in October. Process steam sales began in November 1989 and 
electricity production started in February, 1990. 

The unit is viewed as a demonstration project where tests will be performed over a two year period. During this time, the optimum 
operating parameters will be determined for scale-up to larger units.
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COMMERCIAL PROJECTS (Continued) 

PAMA and Israel Electric (the sole utility of Israel) have also embarked on a project to build a full scale oil shale-flied commercial 
power plant, which will consist of eight 120-megawatt units. The first unit is scheduled to go into operation in 1996. 

Project Cost: $30 million for combustion demo plant 

PARACHUTE CREEK SHALE OIL PROJECT - UNOCAL Corporation (S-lw) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,000 acres of 
oil shale lands Unocal owns contain over three billion barrels of recoverable oil in the high-yield Mahogany Zone alone. Since the 
early 1940s, Unocal research scientists and engineers have conducted a wide variety of laboratory and field studies for developing 
feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its Los 
Angeles, California refinery. From 1955 to 1958, Unocal built and operated an upflow retort at the Parachute site, processing up to 
1,200 tons of ore per day and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process for its Phase 110,0010 barrel per day project in March 1978. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12,500 ton per day mine began in 
January 1981, and construction of the retort started in late 1981. Concurrently, work proceeded on a 10,000 barrels per day upgrad-
ing facility, which would convert the raw shale oil to a high quality syncrude. 

Construction concluded and the operations group assumed control of the project in the Fall 1983. After several years of test opera-
tions and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. The price was to be the market price or a contract floor price. If 
the market price is below the DOE contract floor price, indexed for inflation, Unocal would receive a payment from DOE to equal 
the difference. The total amount of DOE price supports Unocal could receive was $400 million. Unocal began billing the U. S. 
Treasury Department in January, 1987 under its Phase I support contract. 

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FBC) technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FIIC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. 

In 1989, a new crusher system was installed which produces a smaller and more uniform particle size to the retort. Also, retort 
operations were modified and the retorting temperature increased. As a result, average production in November and December 
reached approximately 7,000 barrels per day. 

At year-end 1990, Unocal had shipped over 4.5 million barrels of syncrude from its Parachute Creek Project. Unocal announced 
the shale project booked its first profitable quarter for the 

first calendar quarter of 1990. Positive cash flow had been achieved 
previously for select monthly periods; however, this quarter's profit was the first sustained period of profitability. Cost cutting ef-
forts further lowered the breakeven point on operating costs approximately 20 percent. 

In 1990, the United States Department of Treasury found no significant environmental, health or safety impacts related to the 
operations of Parachute Creek. Monitoring will continue through 1992. 

On March 25. 1991. Unocal announced that production operations at the facilit y would be suspended effective June 1. 1991 for an 
indefinite period. 

Project Cost: Phase I - Approximately $1.2 billion 

PETROSIX - Petrobras (Petroleo Brasileim, S.A.) (8-170) 

A 6 foot inside diameter retort, called the demonstration plant, has been in continuous operation since 1984. The plant is used for 
optimization of the Petrosix technology. Oil shales from other mines can be processed in this plant to obtain data for the basic 
design of new commercial plants. 

A Petrosix pilot plant, having an 8 inch inside diameter retort, has been in operation since 1982. The plant is used for oil shale 
characterization and retorting tests, developing data for economic evaluation of new commercial plants. 

An entrained bed pilot plant has been in operation since 1980. It is used to develop a process for the oil shale fines. The plant uses 
a 6 inch inside diameter pipe (reactor) externally heated. 

A spouted bed pilot plant having a 12-inch diameter reactor, has been in operation since January, 1988. It processes oil shale fines 
coarser than that used in the entrained bed reactor.
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A circulating fluidized bed pilot scale boiler was started up in July, 1988. The combustor will be tested on both spent shale and oil 
shale fines to produce process steam for the Petrosix commercial plants. 

A nominal 2,200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
tained on the process. This plant, operating on a small commercial basis since 1981, produced 850 barrels per day of crude oil, 40 
tons per day of fuel gas, and 18 tons per day of sulfur in 1990. The operating factor since 1981 until present has been 93 percent. 

As of December 31, 1989, the plant records were as follows: 

Operations time, hr; 112,000 
Oil Produced, Bbl 2,800,0 
Processed Oil Shale, tons 7,200,ODD 
Sulfur Produced, tons 463, 
High BTU Gas, tons 101, 

A 36-foot inside diameter retort, called the industrial module, is being constructed. Completion of the project was put on hold in 
1990, and then resumed later that year. Total investment when complete is to be US$104 million when the plant becomes opera-
tional in early 1992. The annual operating cost was estimated to be US$39 million. With the sale of gas to Industria Ceramica do 
Parana (INCEPA), and anticipated revenue from products, the rate of return on the overall project is estimated to be about 
13 percent. A total of US575 million has been invested already with another US$17 million expected to come from INCEPA. IN-
CEPA is already using five tons of gas per day produced at the prototype unit. 

When the 36-foot (11-me(er) diameter commercial plant commences operations, the daily production of the two plants will be: 

Shale Oil 3,870 Bbl 
Processed Shale 7,800 tons 
LPG 50 tons 
High BTU Gas 132 tons 
Sulfur 98 tons

Some 35 hectares of the mined area has been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 hec-
tares. Rehabilitation comprises reforestation, revegetation with local plants and reintegration of wild local animals, bringing back 
the local conditions for farming and recreational purposes. 

Current shale oil production is sent by truck to a refinery 150 kilometers from the plant and is stabilized through the FCC unit in a 
mixture with heavy gas oil. 

Sulfur production is sold directly to clients from local paper mill industries. 

Project Installed Costs: $92 (US) Million 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Oreenway Corporation (5-180) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The pilot plant consisted of two specially 
designed burners to burn continuously in an underground oil shale bed at a depth of 70 feet. These burners produce an industry 
quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company. 

On November 24, 1987, Ram" announced the completion of the Rock Springs pilot project. The formation was heated to ap-
proximately 1200 degrees F creating a high-BTU gas with little or no liquid condensate. The wells sustained 75 Mcf a day, for a 
period of 3 months, then were shut down to evaluate the heaters and the metals used in the manufacturing of the heaters. The test 
results indicated a  year life in a 10 foot section of the shale with a product gas of 800 BTU, or higher, per standard cubic foot. 

Ramex also announced in November 1987 the start of a commercial production program in the devonian shale in the eastern states 
of Kentucky and Tennessee. In April 1988, however, Ramex moved the project to Indiana. A total of 7 wells were drilled. Gas 
tests resulted in ratings of 1,034 and 968 BTU. Two production volume tests showed 14,000 and 24,000 cubic feet per day. 

In late July, 1988 a letter agreement was signed between Tr-Gas Technology, Inc., the licensee of the Ramex process in Indiana, 
and J. M. Slaughter Oil Company of Ft. Worth, Texas to provide funding for drilling a minimum of 20 gas wells, using the Ramex 
oil shale gasification process, on the leases near Heniyville, Indiana. Arrangements were made with Midwest Natural Gas to hook 
up the Ramex gas production to the Midwest Pipeline near Ilenryville.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1991) 

COMMERCIAL PROJECT'S (Continued) 

As of May, 1989 Raines had been unsuccessful in sustaining long-term bums. They therefore redesigned the burner and built a 
much larger model (600,000 BTU per hour vs 40,000 BTU per hour) for installation at the Henryville site. In November, 1989 
Ramex completed its field test or the Devonian Shales in Indiana. The tat showed a gas analysis of 47% hydrogen, 30% methane 
and little or no sulfur. Raines contracted with a major research firm to complete the design and material selection of its commer-
cial burners which they say are 40 to 50 percent more fuel efficient than most similar industrial units and also to develop flow 
measurement equipment for the project. Ramex received a patent on its process on May 29, 1990. 

In 1990, Ramex also began investigating potential applications in Israel. 

Ram" contracted with the Institute of On Technology in 1990 for controlled testing of its in situ process because the company's 
field tests of the process in wells in Indiana have been thwarted by ground water incrnsion problems. Questions that still need to 
be answered before the Ram" process can be commercialized are: 

How fast does the heat front move through the shale? 

1-low far will the reaction go from the heat source and how much heat is necessary on an incremental basis to keep 
the reaction zone moving outward from the source of heat? 

What is the exact chemical composition of the gas that is produced from the process over a period or time and does 
the composition change with varying amounts of heat and if so, what is the ideal amount of heat to produce the most 
desirable chemical composition of gas? 

Once these questions are answered, the company will be able to calculate the actual cost per unit of gas production. 

Project Cost: Approximately $1 million for the pilot tests. 

RIO BLANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (S-190) 

The proposed project is on federal Tract C-a in Piceance Creek Basin, Colorado. A bonus bid or $2103 million was submitted to 
acquire rights to the tract which was leased in March 1974. A four-year modified in situ (MIS) demonstration program was com-
pleted at the end of 1981. The program burned two successful retorts. The first retort was 30 feet by 30 feet by 166 feet high and 
produced 1,907 barrels of shale oil. It burned between October and late December 1980. The second retort was 60 feet by 60 feet 
by 400 feet high and produced 24,790 barrels while burning from June through most of December 1981. Open pit mining-surface 
retorting development is still preferred, however, because of much greater resource recovery of 5 versus 2 billion barrels over the 
life of the project. Rio Blanco, however, could not develop the tract efficiently in this manner without additional federal land for 
disposal purposes and siting of processing facilities, so in August 1982, the company temporarily suspended operations on its 
federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In August 1987, the suspen-
sion was renewed. 

Federal legislation was enacted to allow procurement of off-tract land that is necessary if the 
lease is to be developed by surface 

mining. An application for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of 
the Colorado Bureau of Land Management, an environmental impact statement for the proposed lease for 84 Mesa has been 
prepared by the Bureau of Land Management. However, a Record of Decision was never issued due to a suit filed by the National 
Wildlife Federation. 

Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. Partial approval for the aban-
donment plan was received in Spring 1984. The mine and retort were flooded but were pumped out in May 1985 and June 1986 in 
accordance with plans approved by the Department of the Interior. Rio Blanco operated a $29 million, I to 5 TPD Lurgi pilot 
plant at Gull's Research Center in Harmarville, Pennsylvania until late 1984 when it was shut down. This $29 million represents 
the capital and estimated operating cost for up to 5 years of operation. On January 31, 1986 Amoco acquired Chevron's 50 percent 
interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in the project. 

Project Cost: Four-year process development program cost $132 million 
No cost estimate available for commercial facility.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes slate March 1991) 

COMMERCIAL PROJECTS (Continued) 

RUNDLE PROJECT - Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and Production 
Australia (50 percent) (S-200) 

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia. In April 1981, construction of a multi-module 
commercial scale facility was shelved due to economic and technical uncertainties. 

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop-
ment. During the work program the Drava, Lurgi, Tosco, and Exxon retorting processes were studied and tested. Geological and 
environmental baseline studies were carried out to characterize resource and environmental parameters. Mine planning and 
materials handling methods were studied For selected plant capacities. Results of the study were announced in September 1984. 
The first stage of the project which would produce 5.2 million barrels per year from 25,0 tons per day of shale feed was estimated 
to cost $645 million (Us). The total project (27 million barrels per year from 125,0 tons per day of shale feed) was estimated to 
cost $2.65 billion (US). 

In October 1984 SPP/CPM and Esso announced discussions about amendments to the Rundle Joint Venture Agreement signed in 
1982. Those discussions were completed by March 1985. Revisions to the Joint Venture Agreement provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$125 in 1987. 
Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. 

Esso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPM's share of subse-
quent development expenditures. If Esso provides disproportionate funding, it would be entitled to additional offtake to 
cover that funding. 

Project Cost: US$2.65 billion total estimated 

STUART OIL SHALE PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals NL (S-b) 

In 1985 Southern Pacific Petroleum NL and Central Pacific Minerals NL (SPP/CPM) studied the potential for developing a 
demonstration retort based upon mining the Kerosene Creek Member of the Stuart oil shale deposit in Queensland, Australia. 

This study utilized data from a number of previous studies and evaluated different retorting processes. It showed potential 
economic advantages for utilizing the Taciuk Process developed by Umatac and AOSTRA (Alberta Oil Sands Technology and 
Research Authority) of Alberta, Canada. Batch studies were carried out in 1985, followed by engineering design work and es-
timates later the same year. As a consequence of these promising studies a second phase of batch testing at a larger scale was 
carried out in 1986. A series of 68 pyrolysis tests were carried out using a small batch unit. A number of these tests achieved oil 
yields of 105 percent of Modified Fischer Assay. 

As a result of the Phase 2 batch tests, SPP updated their cost estimates and reassessed the feasibility of the Taciuk Processor for 
demonstration plant use. The economics continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,000 tonnes of dried Stuart oil shale was prepared in late 1986 and early 1987. The 
pilot plant program was carried out between June and October 1987. 

Engineering is underway to firm up the project definition for a semicommercial demonstration plant. SPP/CPM have engaged two 
engineering rmns to make independent, detailed studies of the Shale Oil Project. The purpose of the studies is to provide potential 
financial backers with verifiable information on which to base technical judgment of the project. These studies were completed in 
early 1991. Both groups confirmed SPP/CPM's own numbers and endorsed the AOSTRA Taciuk Processor as the most effective 
retort for Queensland oil shale. 

During the last quarter of 1987, SPP carried out a short drilling program of 10 holes at the Stuart deposit in order to increase infor-
mation on the high grade Kerosene Creek member. This is a very high grade seam (134 liters per tonne) with 150 million barrels of 

- resents. 

The overall SPP development plan includes three stages, commencing with a low capital cost, semi-commercial plant at 6,000 tonnes 
per dayof high grade shale feed producing 4,250 barrels per day of oil. SPP/CPM have received proposals from two engineering 
firms for the construction of the 6.000 tonne per day plant. Once the retorting technology is proven the second stage plant at 
25,000-tons per day of shale producing 14,000 barrels per day of syncrude from an intermediate grade will be constructed. Stage 
three is a replication step with five 25,000 ton per day units producing 60,000 barrels per day of syncrude from avenge grade shale, 
or approximately 13 percent of the projected Australian oil import requirement in the year 2000. 
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STATUS OF OIL SHALE PROJECT'S (Underline denotes changes since March 1991) 

COMMERCIAL PROJECT'S (Continued) 

According to SPP, the estimated cost is AS9O million for the first stage demonstration plant, including services connection and 
product storage. At 1990 prices for low sulfur fuel oil in Australia, it is said that operation of the demonstration plant will at least 
break even and possibly earn as much as 15 percent DCFROI. After a year of operation it is expected that sufficient data and 
operating experience will have been gathered to scale up the technology to full commercial size (25,000 tonnes per day). 

The first commercial module could be in production by the middle of 1994. 

Project Cost: For commercial demonstration module A390 million 

tf1T -3000 RETORTING PROCESS - Union of Soviet Socialist Republics (S-230) 

The UTF-3000 process, otherwise known as the Galoter retort, is a rotary kiln type retort which can accept oil shale fines. 
Processing of the Baltic shales In U'fl'-3000 retorts makes it possible to build units of large scale, to process shale particle sizes of 
22 millimeters and less including shale dust, to produce liquid fuels for large thermal electric power stations, to improve operating 
conditions at the shale burning electric power stations, to increase (thermal) efficiency up to 86-87 percent, to improve sulfur 
removal from shale fuel, to produce sulfur and other sulfur containing products (such as thiophene) by utilizing hydrogen sulfide of 
the semicoke gas, and to extract valuable phenols from the shale oil water. Overall the air pollution (compared to direct oil shale 
combustion) decreases. 

The two UTT-30DO units built at the Estonian ORES with a productivity of 3,000 tons per day are among the largest in the world 
and unique in their technological principles. However, these units have been slow in reaching full design capacity. 

A redesign of particular parts and reconstruction of the units was done in 1984 to improve the process of production and to in-
crease the period of continuous operation. 

As a result of these changes, the functioning of the I.T1717-3 improved dramatically in 1984 in comparison with the period of 
1980-1983. For instance, the total amount of shale processed in the period 1980-1983 was almost the same as for only 1984, i.e. 
79,10 tons versus 80,100 in 1984. The total shale oil production for the period 1980-83 was 10,5W tons and approximately the 
same amount was produced only in 1984. The average output of shale oil per run increased from 27 tons in 1980 to 910 tons in 
1984. The output of electric energy for Estonia-Encrgo continued constant in 1983 and 1984, by burning part of the shale oil in the 
boilers of Estonia ORES. 

By the end of 1984, 159,200 tons of shale was processed and 20,000 tons of shale oil was produced at UTI'-3000. 

In 1985, the third test of the reconstructed boiler TP-101 was carried out by using the shale oil produced at the UT1'-3. The im-
provement of the working characteristics of UT17-3000 has continued. 

LO VGNIPII (the name of the Research Institute) has designed for Estonia an electric power station that would use shale oil and 
produce 2,600 megawatts. A comparison of its technical-economical characteristics with the corresponding ones of the 2,500 
megawatts power station with direct burning of raw shales was made. It was found that the station on shale oil would be more 
economical than the station with direct burning of shale. 

YAAMBA PROJECT' — Yaamba Joint Venture (Beloba Pty. Ltd. (10%), Central Pacific Minerals N.L. (3.3%), Southern Pacific 
Petroleum N.L. (33%), Shell Company of Australia limited (41.66%), and Peabody Australia Ply. Ltd. (41.66%)J (5-240) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 

Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at morn than 4.8 billion 
barrels in situ extending over an area of 32 square kilometers within the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams extending through 
- the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 

the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

During 1988, activities in the field included the extraction of samples for small scale testing and the drilling of four holes for further 
resource delineation.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1991) 

COMMERCIAL PRO,JECI'S (Continued) 

In December, 1988 Shell Australia purchased a part interest in the project. Peabody Australia manages the Joint Venture which 
holds two 'Authorities to Prvspecr for oil shale in an area or approximately 1,080 square kilometers in the Yaamba and Broad 
Sound regions northwest of Rockhampton. In addition to the Yaamba Deposit, the 'Authorities to Prospect' cover a second 
prospective oil shale deposit in the Herbert Creek Basin approximately 70 kilometers northwest of Yaamba. Drilling in the tier-
bert Creek Basin is in the exploratory stage. 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, and preliminary 
ore characterization of the Yaamba oil shale resource, has been completed. Environmental baseline investigations were carried out 
concurrently with this study. Further investigations aimed at determining methods for maximum utilization of the total energy 
resource or the Yaamba Basin and optimization of all other aspects of the mining operation, and collection or additional data on 
the existing environment were undertaken. 

During 1990. exploration and development studies at the Yaamba and Herbert Creek deposits continued. A program of three 
holes (644 meters) was undertaken in the Block Creek area at the southeast or the Herbert Creek deposit. 

Project Cost: Not disclosed

R&D PROJECTS 

LLNL HOT RECYCLED-SOLIDS (FIRS) RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (S-300) 

Lawrence Livermore National Laboratory (LLNL) has, for over the last 5 years, been studying hot-solid recycle retorting in the 
laboratory and in a 1 tonne per day pilot facility and have developed the LLNL Hot Recycled-Solids Retort (HRS) process as a 
generic second generation oil shale retorting system. Much progress has been made in understanding the basic chemistry and 
physics of retorting processes and LLNL believes they are ready to proceed to answer important questions to scale the process to 
commercial sizes. LLNL hopes to conduct field pilot plant tests at I® and 1,0DO tonnes per day at a mine site in western Colorado. 

In this process, raw shale is rapidly heated in a gravity bed pyrolyzer to produce oil vapor and gas. Residual carbon (char), which 
remains on the spent shale after oil extraction, is burned in a fluid bed combustor, providing heat for the entire process. The heat 
is transferred from the combustion process to the retorting process by recycling the hot solid, which is mixed with the raw shale as 
it enters the pyrolyzer. The combined raw and burned shale (at a temperature near 500 degrees C) pass through a moving, 
packed-bed retort containing vents for quick removal and condensation of product vapors, minimizing losses caused by cracking 
(chemical breakdown to less valuable species). Leaving the retort, the solid is pneumatically lifted to the top of a cascading-bed 
burner, where the char is burned during impeded-gravity fall, which raises the temperature to nearly 650 degrees C Below the 
cascading-bed burner is a final fluid bed burner, where a portion of the solid is discharged to a shale cooler for final disposal. 

In 1990, LLNL upgraded the facility to process 4 tonnes per day of raw shale, working with the full particle size (0.25 inch). Key 
components of the process will be studied at this scale by adding a delayed-fall combustor and fluid-bed mixer and replacing the 
rotary feeders with air actuated valves, suitable for scaleup. In April 1991, the first full system run on the 4 tonne per day pilot 
plant was com pleted. LLNL plans to continue to operate the facility and continue conceptual design of the 100 tonne per day 
pilot-scale test facility. LLNL is seeking industrial sponsors for its current operations and for the future 100 tonne per day project. 

The ultimate goal is a 1,000-tonne-per-day field pilot plant, followed by a commercially-sized demonstration module (12,000 tonnes 
per day) which could be constructed by private industry within a 10 year time frame. Each scale represents a factor of three in-
crease in vessel diameter over the previous scale, which is not unreasonable for solid-handling equipment, according to LLNL 

NEW PARAHO ASPHALT FROM SHALE OIL PROJECT—NeW Paraho Corporation, Marathon Oil Company (S-310) 

New Paraho Corporation is a wholly owned subsidiary of Energy Resources Technology Land, Inc. New Paraho Corporation plans 
to develop a commercial process for making shale-oil-modified road asphalt. Researchers at Western Research Institute (WRI) 
and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a significant reduction in mois-
ture damage and a potential reduction in binder embrittlement when added to asphalt. This is particularly true for shale oil 
produced by direct-heated retorting processes, such as Paraho's.
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R & D PROJECTS (Continued) 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result in 
(1) proven market performance of shale oil modified asphalt under actual climatic and road use conditions and (2) completion of a 
comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-based 
commercial production facility. 

The cost of carrying out the initial market development phase of the commercial development plan was approximately $23 million, 
all of which was funded by Faraho. The major portion of the work conducted during this initial phase consisted of producing suffi-
cient quantities of shale oil to accommodate the construction and evaluation of several test strips of shale oil-modified asphalt 
Pavement. Mining of 3,900 tons of shale For these strips occurred in September 1987. The shale oil was produced in Paraho's pilot 
plant facilities, located near Rifle, Colorado in August, 1988. The retort was operated at mass velocities of 418 to 538 pounds per 
hour per square foot on 23 to 35 gallon per ton shale and achieved an avenge oil yield of 96.5 percent of Fischer Assay. In 1988, 
New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from crude shale oil. 

Eight test strips have been constructed in Colorado, Utah and Wyoming. The test strips will now be evaluated over a period of 
several yeats, during which time Faraho will complete site selection, engineering and cost estimates, and financing plans for a com-
mercial production facility. A new test strip was recently completed on 1-20 east of Pecos, Texas. Construction is under way in 

In late 1990, Marathon Oil Company joined New Paraho in their work on the asphalt binder which they are calling SOMAT (Shale 
Oil Modified Asphalt Technology). 

Pnraho has proposed a $180 million commercial scale plant ca pable of Producin g 3,380 barrels of crude oil per day, of which 
2.028 barrels would be shale oil modifier (SOM) and 1.352 barrels would be ti ght oil to be marketed to refineries. 

An economic analysis has determined that SOM could be marketed at a once of $100 per barrel if tests show that SOMAT can af-
fect at least a 10 percent improvement in pavement life. 

Paraho states that it has access to two different resource sites upon which the commercial production facility could be located: a 
site on the Mahogany Block in northwest Colorado; and the Paraho-Ute properties, located near Vernal, Utah. Of these options, 
the Mahogany site represents the most economically viable alternative and, accordingly, is the preliminary location of choice. 

Approximately 1,500 acres of the Mahogany Block are still controlled by the Tell Ertl Family Trust and are available to New 
Paraho although the largest part of the original block was sold to Shell Oil Company. New Paraho also maintains control of ap-
proximately 3,400 acres of oil shale leases on state lands in Utah. 

Project Cost: $2,500,000. (New Paraho spent $100,000 in 1987, $1,100,000 in 1988 and $778,000 in 1989 on shale oil asphalt 
research) $180 million estimated for commercial scale plant. 

YUGOSLAVIA COMBINED UNDERGROUND COAL GASIFICATION AND MODIFIED IN Sill) OIL SHALE RETORT - 
United Nations (5-335) 

Exceptional geological occurrence of oil shale and brown coal in the Aleksinac basin has allowed an underground coal gasification 
(UCG) combined with in situ oil shale retorting. Previous mining activities of Aleksinac brown coal and development of oil shale 
utilization (see Yugoslavia Modified In Situ Retort - 5-330, Synthetic Fuels Report. December 1990) served as principal support in 
establishing a development project aimed towards application of a new process, i.e. combination of UCG and in situ oil shale 
retorting to be tested for feasibility in a pilot UCG modulus. The project is a joint scientific and technological undertaking per-
formed by Yugoslavian and American staff. 

The objective of the approach is to develop a program to exploit the total Aleksinac energy resources to provide regional power 
and heating for Aleksinac and surrounding area using UCO technology and combining it with modified in situ retorting of oil shale 
as the immediate roof of the brown coal seam. 

The development objectives are also to recover energy from residual coal left after conventional coal mining and to develop UCG 
technology and modified in situ oil shale retorting for Yugoslavian resources in general. 

Project Cost: 	 US$725,ODD
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COMPLETED AND SUSPENDED PROJECTS

Project Sponsors 

American Syncrude Indiana Project American Synctude Corp. 
Stone & Webster Engineering 

Baytown Pilot Plant Exxon Research and Engineering 

BX In Situ Oil Shale Equity Oil Company 
Project 

Cottonwood Wash Project American Mine Service 
Cives Corporation 
Deseret Generation & 
Transmission Coop. 

Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation 

Duo-Ex Solvent Extraction Pilot Solv-Ex Corporation. 

Eastern Oil Shale In Situ Project Eastern Shale Research Corporation 

Edwards Engineering Company Edwards Engineering 

Exxon Colorado Shale Exxon Company USA 

Fruita Refinery Landmark Petroleum Inc. 

Gelsenkirchen-Scholven Veba Oel 
Cyclone Retort 

Japanese Ministry of International Trade RAPAD Shale Oil Upgrading Project 
and Industry 

Japanese Retorting Processes Japan Oil Shale Engineering Company 

Julia Creek Project Placer Exploration Limited 

Laramie Energy Laramie and Rocky Mountain 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. 

Means Oil Shale Project Central Pacific Minerals 
• Dravo Corporation 

Southern Pacific Petroleum 

Nahcolite Mine #1 Multi-Mineral Corporation 

Naval Oil Shale Resent United States Department 
of Energy 

Oil Shale Gasification Institute of Gas Technology 
- American Gas Association 

Pacific Project Cleveland-Cliffs 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation 
Facility

Last Appearance in SPIt 

September 1987; page 2-53 

September 1987; page 2-60 

March 1984; page 2-52 

March 1985; page 2-73 

September 1978; page B4 

September 1989; page 2-55 

September 1989; page 2-55 

March 1990; page 242 

March 1985; page 2-73 

March 1991; page 2-23 

June 1987; page 2-52 

March 1990; page 2-52 

September 1989 page 2-56 

March 1991; page 2-32 

June 1980; page 2-34 

September 1984; page 5-3 

June 1987; page 247 

September 1982; page 2-40 

June 1987; page 2-53 

December 1978; page B-3 

June 1987; page 248 

December 1979; page 2-35 

December 1986; page 2-47 
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Seep Ridge Geokinetia Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

Silmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Enetr Corporation of America 

Tosco Corporation Tosco Sand Wash Project March 1990 page 2-48 

Trans Natal T-Project Trans Natal, Gencor, Republic of 
South Africa March 1991; page 2-30 

Triad Donor Solvent Project Triad Research Inc. December 1988; page 2-48 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 

Unnamed In Situ Test Mecca, Inc. September 1978; page B-3 
Unnamed Fracture Test Talley Energy Systems September 1978; page B4 

White River Shale Project Phillips Petroleum Company March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company 

Yugoslavia Inclined Modified In Situ Retort United Nations December 1990; page 243
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS

Company orOrcanization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-49 

Beloba fly. Ltd. Yaamba Project 2-51 

Central Pacific Minerals Stuart Oil Shale Project 2-50 
Condor Project 242 
Rundle Project 2-50 
Yaamba Project 2-51 

Chevron Shale Oil Company Clear Creek Project 2-42 

Conoco Inc. Clear Creek Project 242 

I3sso Exploration and Production Australia Ltd. Rundle Project 2150 

Exxon Company USA Colony Shale Oil Project 242 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-44 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-48 

Jordan Natural Resources Jordan Oil Shale Project 244 

Lawrence Livermore National Laboratory LLNL Hot Recycled-Solids (HItS) Retort 2-52 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 245 

Marathon Oil Company New Paraho Asphalt From Shale Oil 2-52 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 245 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 242 

New Paraho Corporation New Paraho Asphalt From Shale Oil 2-52 

Occidental Oil Shale, Inc. Occidental MIS Project 2-46 

Office National de Recherche et Morocco Oil Shale Project 245 

d'Exploitation Petrolieres 
(ONA REP) 

PAMA Inc. PAMA Oil Shale-Fired Power Plant Project 2-46 

Peabody Australia fly. Ltd. Yaamba Project 2-51 

Petrobras Petrosix 247 

Ramex Synfuels International Ramex Oil Shale Gasification Process -	 2-48 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 249 

Royal Dutch/Shell Morocco Oil Shale Project 2-45 

SINOPEC Fushun Commercial Shale Oil Plant 244 
Maoming Commercial Shale Oil Plant 245 

Southern Pacific Petroleum Stuart Oil Shale Project 2-50 
Condor Project 242 
Rundle Project 2-50 
Yaamba Project 2-51
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Company or Ornnization Prcñect Name fg 

Unocal Corporation Parachute Creek Shale Oil Program 247 

Union of Soviet Socialists Republics Estonia Power Plants 243 
Kiviter Process 2-44 
UTF-3000 Retorting Process 2-51 

United Nations Yugoslavia Combined Underground Coal Gasification and 
In Situ Oil Shale Retort 2-53 

Yaamba Joint Venture Yaamba Project 2-51
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PROJECT ACTIVITIES 

OSLO BENEFITS EXPLAINED BUT SUPPORT LACKING 

The OSLO Project is a proposed $5 billion energy develop-
ment that entails constructing an open pit oil sands mine and 
bitumen extraction facility on OSLO Lease 31, 60 kilometers 
north of Fort McMurray, Alberta. A bitumen upgrading 
operation will be constructed in the Redwater area, 
40 kilometers northeast of Edmonton, Alberta. 

According to OSLO project executive J.R. Lynn, the com-
pleted development will produce almost 30 million barrels of 
high quality synthetic crude oil per year. The development is 
both capital and labor intensive, requiring almost 10 years 
from the conceptual proposal through its design, regulatory 
approval and construction stages. 

Lynn presented a paper on the key factors that influence the 
economics of oil sands projects at the Petroleum Society of 
CIM and AOSTRA 1991 Technical Conference held in 
Banff, Alberta in April. 

Lynn's paper states that current assessments forecast a 
50 percent reduction in Canadian conventional oil produc-
tion over the next 15 years (see Figure 1). With no new 
production development planned in Canada's energy fron-
tiers, domestic oil production will be reduced significantly. 
The result will be lost royalties for the Alberta treasury and a 
change in Canada's balance of payments caused by increased 
oil imports. 

Alberta's oil sands represent 49 percent of the world's heavy 
crude oil potential (see Figure 2). The potential for secure 
energy supply and economic stability from the development 
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of Canada's oil sands resource make it a logical choice for 
energy development, says Lynn. 

The OSLO Project 

The OSLO Project is being undertaken as a joint venture. 
The six organizations involved in the OSLO joint venture 
are: 

- Alberta Oil Sands Equity 
- Canadian Occidental Petroleum Ltd. 
- Esso Resources Canada Limited 
- Gulf Canada Resources Limited 
- PanCanadian Petroleum Limited 
- Petro-Canada Inc. 

In 1988, Esso Resources Canada Limited, operator for the 
OSLO joint venture, formed a project team to begin the plan-
ning phase of the OSLO Project. 

Financial Risk 

The financial risk can be put in specific terms by looking at 
the supply cost of the project. The supply cost shown in 
Figure 3 is the price per barrel in United States dollars at 
Edmonton that the project requires to generate a 10 percent 
social return, before taxes and royalty. It is called a social 
return because it is the return to society as a whole. In 
reality, the return is divided between the developer and the 
provincial and federal governments. 

The social return calculated for the OSLO Project does not 
include the secondary benefits from the project that are 
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created by the purchase of goods and services from other in-
dustries and provinces, and the associated employment and 
income taxes. The supply cost needed to generate a 
10 percent real social return for the project is between 
US$20 and US$25 per barrel. The right side of Figure 3 
shows the "real world" supply costs. These are based on a 
10 percent real return to the developer of the project. As 
shown, under the current standard tax and a typical royalty' 
regime, the required price is about US$30 per barrel. 

However, says Lynn, the project can become more attractive 
by negotiating an encouraging fiscal regime with both the 
provincial and federal governments. This was the situation 
in late 1987, when the OSLO owners responded to a request 
from the Alberta and Canadian governments to advance a 
proposal for a project that could be developed. Agreement 
was reached on fiscal terms aimed at meeting the needs of 
all the parties involved. 

Such assistance is a means of leveling the risk, and takes the 
form of development incentives or loans. This assistance is 
not a government handout; the return to governments from 
participation is significant. 

Since then, the federal government has withdrawn its sup-
port for the post-appropriation period of the project, but 
pre-appropriation development of the project has continued. 
Negotiations to put together a satisfactory post-
appropriation agreement that will allow the project to 
proceed are continuing.

Benefits to Alberta and Canada 

According to Lynn, the economic benefits from both the capi-
tal investment and operating expenditures of the OSLO 
Project will be distributed broadly across the nation. For ex-
ample, about 30 percent of the economic benefit from the 
project's capital investment will go to Ontario. 

These benefits are significant. The project will create 
200,000 work years of employment during construction and 
operations. On a continuous basis, over the project's life of 
at least 35 years, there will be 1,500 permanent jobs. This 
does not include the multiplier effect of the secondary 
benefits to many communities that the project will create. 

Over the life of the project, the total revenue could be in the 
area of $50 billion. More than half of this revenue would 
flow to both the provincial and federal governments. Thus, 
the project could eventually contribute to long-term deficit 
reduction. 

In the near term, the $5 billion capital cost and peak con-
struction labor force of almost 6,000 people (for an overall 
construction staffing demand of about 18,000 work years 
over the next 5 to 6 years) would provide a tremendous 
economic boost to the recessionary trend currently facing 
Canada.
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Development of New Technology	 projects. The report also suggests a second incentive that 
would allow accelerated depreciation allowances for capital 

The basic technology for the OSLO Project, selected in 1988, 	 costs. In order to be implemented, the Parliament would 
ranges from significantly improved versions of that used in

	 have to formally adopt the report as policy. 
current operations to the application of new technologies 
demonstrated elsewhere.	 Some processes have been

	 Last year, the federal government withdrew an earlier com-
developed specifically for this project. 	 mitment of C$850 million in grants and $1.2 billion in loan 

guarantees for the OSLO Project. In May 1991, the OSLO 
OSLO has developed unique technology that has resulted in	 group said their plans to submit a regulatory application in 
expectations of significant cost improvement. 	 OSLO's

	 the fall of 1991 were on hold because of the lack of resolu-
operating costs are predicted to be significantly lower, in the

	 tion of a financing plan. 
range of 30 percent, than the cost of operating a similar 
plant today.	 fl## 

Strategic Impact on Canadian Energy Policy
BP REPORTS IMPROVED RESULTS AT WOLF LAKE 

The OSLO Project would add almost 80,000 barrels each day 
to Canada's oil supply. Currently, the Suncor and Syncrude 
operations provide about 15 percent of Canada's total oil re-
quirements. OSLO would increase this supply to about 
20 percent. Based on the current schedule, the OSLO 
Project would begin producing synthetic crude oil in 1997. 

To put this tremendous resource into perspective, in 
February 1991, after 13 years of operation, Syncrude pumped 
its 500 millionth barrel of synthetic crude oil. In comparison, 
it took the Redwater D-3 pool, a major strike in the 1940s, 
about 25 years to produce 500 million barrels. Syncrude 
plans to produce 62 million barrels of synthetic crude oil in 
1991 alone. 

Lynn concludes that mineable oil sands developments re-
quire long-term planning, large amounts of investment capi-
tal and a lair degree of courage. They also offer tremendous 
boosts to the provincial and national economies. 

Lynn says, 'With the appropriate consistent and enduring 
government involvement in sharing both the risk and the 
reward, further development of the OSLO Project will take 
place. The only question is when." 

OSLO Funding 

Newspaper and trade journal headlines continue to report 
unsuccessful efforts to enlist federal government support for 
the project. The provincial government of Alberta has com-
mitted C$1.1 billion to the project, and also has promised to 
grant royalty relief on the synthetic crude oil produced. But 
the project still needs another C$300 to C$500 million to 
reach startup, according to Alberta's Energy Minister, 
R. Orman. 

In the meantime, the House of Commons Standing Com-
mittee on Energy has issued a report on the OSLO Project 
suggesting the implementation of tax incentives that would 
help the project proceed. The report says that the 
15 percent investment tax credit, which is currently available 
only for frontier development, could be extended to oil sands

In its 1990 annual report, BP Canada Inc. reports lower unit 
production costs and higher daily production levels from its 
Wolf Lake oil sands operation. 

The company's attempts to sell its 50 percent interest in the 
Wolf Lake oil sands property were discontinued in August 
1990 because a sale to a buyer at a suitable price could not 
be achieved. However, BP was able to reduce staffing levels 
and operating costs substantially. Wolf Lake is now being 
operated at, or close to, a break-even cash position, says the 
report. Under these guidelines, a new steaming plan has 
been implemented. Early indications show significant im-
provement in the technical and economic performance of the 
operation. 

As part of the corporate restructuring, the oil sands opera-
tion was merged with conventional operations and Wolf 
Lake became one of four operating areas. Wolf Lake techni-
cal staff were relocated from Calgary to the site, and operat-
ing manpower levels were reduced by a further 15 percent to 
a total of 78 workers. 

Wolf Lake's 1990 unit production costs dropped 4.5 percent 
from $10.68 per barrel to $10.20 per barrel. Production of 
bitumen was up 11 percent from 3,240 barrels a day to 
3,598 barrels a day as the company continued to focus on op-
timization of the operation. 

The Wolf Lake operation realized a positive operating cash 
flow before taxes of $5.6 million compared with $0.5 million 
in 1989. 

According to the report, Wolf Lake is not considered a 
strategic asset at this time. Despite being unable to sell the 
property in 1990, the company will continue to entertain ex-
pressions of interest for a purchase, or a farm-in, in efforts to 
reduce the company's exposure. No new expansion capital 
will be allocated to this asset over the next 2 years. It is an-
ticipated that revenues at Wolf Lake will cover all main-
tenance and operating costs during 1991 and 1992. A major 
decision on the future of Wolf Lake, if not sold, will be re-- 
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quired in late 1992, at which time all existing wells will have 
been tied-in and on production. 

#fl# 

SYNCRUDE TO BEGIN CUSTOM PROCESSING OF 
BITUMEN FROM OTHER OPERATIONS 

Alberta's Energy Minister, R. Orman, has announced that 
the provincial government will approve agreements between 
Syncrude Canada Ltd. and other heavy oil producers to al-
low Syncrude to begin custom processing bitumen from 
other teases. 

Under a 3-year agreement, Syncrude could use its temporary 
surplus upgrading capacity to produce synthetic oil from 
bitumen feedstock purchased from other producers. This 
has the potential to increase production from the Syncrude 
facility by up to 5 million barrels per year. in addition to 
enhanced utilization of the Syncrude plant, the move will fur-
ther promote oil sands production. 

"Custom processing of off-lease bitumen achieves our policy 
objective of value-added processing of our resources,* Or-
man said. 

Price differentials between light oil and heavy crudes con-
tinue to widen, making the idea of heavy oil upgrading more 
attractive. At the end of March, the price differential was in 
the range of US$8.50 per barrel. Such a large price spread 
would make upgrading of heavy oils into lighter products a 
profitable endeavor. 

CHEVRON PLANS PILOT TEST OF HASDRIVE 
PROCESS 

Chevron Canada Resources Ltd. says that it intends to con-
struct a $5.5 million pilot plant utilizing the HASDrive 
process to recover bitumen from the Athabasca oil sands. 
HASDrive stands for heated annulus steam drive, a bitumen 
recovery process pioneered by Chevron in the 1970s. In the 
HASDrive process, steam is injected through a wellbore that 
is drilled to pass through the pay zone horizontally. This 
heats the oil sand adjacent to the injection pipe string, mobi-
lizing the bitumen and providing a path for steam flooding. 
A separate vertical well is then used to inject additional 
steam into one end of the heated horizontal channel 
(annulus), driving heated bitumen towards a producing well 
at the other end. 

Access to the Athabasca oil sands deposit to test the 
}{ASDrive process was provided at the Underground Test 
Facility (UTF) operated by the Alberta Oil Sands Technol-

ogy and Research Authority. The UTFs system of shafts 
and tunnels, together with advanced horizontal drilling tech-
niques allowed actual recovery of bitumen to meet or exceed 
expectations. The positive results from UTE tests provide 
technical and economic justification for Chevron's plans to 
construct a new pilot plant on its recently acquired oil sands 
lease, some 50 kilometers northeast of Fort McMurray, Al-
berta. 

Initially, Chevron plans to drill more than 50 core holes to 
identify the most favorable location for the new facility. Con-
struction of the plant itself is expected to begin later this 
year. If the new pilot proves successful, the company hopes 
to construct a 10,000 barrel per day commercial plant before 
the turn of the century, and envisages further expansion alter 
that, given favorable technical results and petroleum prices. 
The test will be carried out on a 19,891 hectare lease recently 
purchased for C$l0 million from Texaco Canada Inc. Work 
on the test site was scheduled to begin in January. 

#fl#

AMOCO MAY PROCEED WITH SOARS LAKE PROJECT 

Amoco Canada Petroleum Company Ltd. is now in position 
to proceed with commercial development of the Soars Lake 
lease near Cold Lake. Amoco Canada has received approval 
from the Alberta Energy Resources Conservation Board to 
launch the $238 million oil sands development project. 

The company has been negotiating with the Alberta provin-
cial government over royalties on the project. According to 
a company spokesman, Amoco Canada and the government 
have a memorandum of understanding on project royalties 
and the company plans to proceed with development ac-
tivities. 

Oil fljjy reports that Amoco Canada plans to operate 
59 heavy oil wells. This would raise production to 
8,300 barrels per day over the next 15 years, from a total of 
220 wells. 

Drilling is not expected to begin immediately, says Amoco 
Canada. Depending on rig availability, drilling will probably 
begin by mid-summer.

#1## 

NORCEN'S BODO STEAM PILOT REACHES ONE 
MILLION BARRELS 

The steamflood pilot project located near the village of 
Bodo, Alberta produced its millionth barrel of oil in Decem-
ber 1990. The pilot project, operated by Noreen Energy 
Resources Limited, was designed to assess oil recovery and 
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operating viability under steaming conditions as compared to 
an adjacent fireflood project that operated in the same sand 
formation from 1975 to 1986. 

Cyclic steam stimulation at the Bodo pilot was initiated in 
1986 using an inverted nine spot well pattern. The average 
pay thickness of the formation is about 55 feet at a depth of 
some 2,300 feet. 

In mid-1989 a continuous steamflood was started from the 
central injector well. Production during the early cyclic 
operations reached more than 1,000 barrels per day, but cur-
rent production has dropped to about 500 barrels per day. 

Based on the pilot's performance, Norcen's D.R. Barber con-
cludes that "steam operations are superior to fireflood opera-
tions in both oil recovery and operating viability? He says 
that oil recovery using the combined cyclic steam and 
steamflood technology is expected to reach a 45 percent 
recovery rate. This compares to a 30 percent recovery rate 
for fireflood techniques and a 10 percent recovery rate from 
primary production alone. 

Barber also notes that operating problems have been much 
less severe during the steaming operations than during the 
earlier fireflood. 

Depending on oil prices, Barber says the possibility of adding 
more well patterns surrounding the existing pilot is being 
evaluated. This could lead to full commercial development 
in the mid-1990s.

huIS 

WYOMING OIL MINE PRODUCTION STEADY AT 
300 BARRELS PER DAY 

Production from the North Tisdale oil mining project in 
Wyoming's Powder River Basin is holding steady at a rate of 
250 to 300 barrels of oil per day. New Tech Oil Company 
(NTO) is using mining assisted recovery techniques to in-
crease the oil recovery rate from the Lakota sandstone forma-
tion which first produced oil in 1953. 

NTO's president, R. Trent, says the company is involved in 
"enhanced hydrocarbon recovery utilizing advanced subter-
ranean technology," but most people call it oil mining. This 
technique, which is actually the drainage of oil into mined 
openings, has been used for thousands of years, at least since 
the time of the Egyptian pharaohs. 

The North Tisdale field is located near Kaycee, Wyoming, 
approximately 70 miles north of Casper. The discovery well 
initially produced in 1953 at a rate of 24 barrels per day from 
a depth of 210 feet. Between 1953 and 1962, six wells were 
drilled with an initial average production rate of 8 barrels 
per day. By 1972, all but three of the wells were plugged.

The Lakota sandstone formation consists of a thin, tight up-
per sand interval and a thicker oil-producing middle sand sec-
tion separated by a thin shale zone. In some sections of the 
field there is also a lower sand zone. The vertical depth of 
the reservoir reaches a maximum of 500 feet, with an average 
depth of 300 feet. 

In the mid-1970s, Conoco began to experiment with oil min-
ing techniques to gain access to the Lakota sandstone reser-
voir, drilling long horizontal drain holes from a tunnel. 
Later a vertical shaft was sunk and further horizontal drilling 
was conducted from the bottom of the shaft. Conoco drilled 
a total of 12,000 feet of drain holes from the two locations. 
Initial production was about 100 barrels of oil per day from 
each site, but quickly dropped to only 12 barrels per day. By 
the end of 1984, Conoco had produced a total of 
73,700 barrels of oil from the North Tisdale field. 

In August 1984, NTO took over the North Tisdale project. 
N'FO immediately began rehabilitating the 985-foot-long 
decline originally driven by Conoco in 1977 because it had 
started to cave in. 

At about 450 feet into the decline, a crosscut was driven 
30 feet and from there a steeper decline was driven to ap-
proximately 15 feet below the middle Lakota sand. From the 
bottom of the decline, two drifts were driven north and 
south; one is 400 feet and the other is 500 feet in length. 
Drill stations were cut at 100-foot intervals along these drifts. 

After drilling approximately 34,000 feet of drainage holes 
using three different types of drills, the drillers felt they had 
developed excellent vertical control. However, they encoun-
tered considerable trouble with horizontal control. 

In January 1987, NTO began using a Navi drill with good 
results. NTO now says it has developed the technique and 
capability of drilling controlled horizontal holes for as much 
as a mile in length. 

The Kaycee Oil Company, a wholly owned subsidiary of 
NTO, took over operations at the North Tisdale project in 
1986. All mining, drilling, production and maintenance is 
performed by a crew of two, plus a secretary/office manager. 

The term "oil mining" is somewhat ambiguous and ap-
parently confusing. The Internal Revenue Service and other 
federal and state agencies are unsure of how to classify this 
particular industry. In Ohio, oil mining is regulated by both 
the Division of Oil and Gas and the Division of Mines. 

In Wyoming, however, the legislature passed a bill in 1984 
that gives oil mining a tax break on the state severance tax. 
The law lowered the tax from 12.5 percent to 1.5 percent for 
5 years. In 1990, the lower oil mining tax rate was extended 
another 5 years.
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Experts estimate that conventional recovery methods will 
eventually recover only about 34 percent of the nearly 
490 billion barrels of oil originally in place in the United 
States. Already about 133 billion barrels have been 
produced and another 35 billion are considered recoverable. 
That leaves over 320 billion barrels of oil still in the ground. 
The majority of this remaining resource is non-recoverable 
only in the sense that conventional production techniques 
cannot be applied economically. 

Oil mining may provide a viable means of tapping this 
320 billion barrel asset. Doing so would pose no overseas 
political risks and no expensive exploration activities would 
be required. The oil fields in question have already been 
identified and well defined, and they are a domestic 
resource. 

A present day oil mine in the Soviet Union, the Yarega field, 
produces over 10,000 barrels of oil per day. There are cur-
rently at least four oil mines in North America. The oldest is 
NTO's oil mine in Wyoming. There are two more in Illinois 
and one in Canada. At least three other United States 
projects are currently seeking financing. 

SUNCOR SETS FIRST QUARTER PRODUCTION 
RECORDS 

During the first quarter of 1991 the Suncor Oil Sands Group 
set a record for first quarter production, which averaged 
62,200 barrels per day, compared with 57,500 barrels per day 
during the first quarter of 1990. In March, the group set an 
all-time monthly record with average production of 
70,500 barrels of synthetic crude oil per day. Since resuming 
full production after a maintenance shutdown last July, the 
plant has averaged 62,800 barrels per day. 

Cash operating costs averaged $14.25 per barrel during the 
first quarter of 1991, compared with $15 per barrel for the 
same period of 1990. The decrease was due primarily to the 
group's ability to increase production and minimize cost in-
creases. 

During the quarter, operations began on a pilot plant to 
recover sulfur dioxide from flue gas emissions. Initial results 
are encouraging, but the company says extensive testing is 
required to determine the feasibility of building a full-scale 
plant. 

The group's cash from operations during the first quarter 
was $69 million, up from $38 million in 1990. The increase 
was primarily due to significantly higher sales, partially offset

by lower crude oil prices. A capital expenditure increase in 
the first quarter was primarily due to the purchase of trucks 
used in the mining operation. 

SHELL'S PEACE RIVER PROJECT PRODUCES 
10 MILLIONTH BARREL 

The Peace River in situ oil sands complex in northern Al-
berta, Canada completed its first full year of operating at 
capacity in 1990. Its 10 millionth barrel of bitumen was 
produced in March. 

According to the Shell Canada Limited 1990 Annual Report, 
advances continue to be made in recovery technology, with a 
recent shift to continuous steam drive. 

Production in 1990 increased 20 percent over 1989, while 
gross operating costs were reduced by nearly 10 percent. 
This, coupled with higher oil prices, allowed the Peace River 
complex to report positive earnings, says Shell. 

AOSTRA LISTS CURRENT PILOT PROJECTS 

The Alberta Oil Sands Technology and Research Authority 
(AOSTRA) in February published an updated list of cur-
rently operating or recently terminated pilot projects in the 
Province of Alberta. 

The heavy oil and oil sands projects are listed in Tables 1 
(next page) and 2 (page 3-8). These tables do not include 
the enhanced oil recovery projects. The AOSTRA publica-
tion contains for each pilot project: 

- A detailed reservoir description 

- A detailed field facilities description 

- Well pattern 

- Project-specific description of process employed 

- Historical documentation of the engineering events 
associated with the project 

- Description of important adjustments made to im-
prove the process performance 
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TABLE 1 

HEAVY OIL AND OIL SANDS PILOT PROJECTS IN ABLERTA 
OPERATING AS OF FEBRUARY 1991 

Oocraior Sector Process 

Alberta Energy Company Ltd. Suffield Horizontal Well Horizontal well 
Suffield Horizontal Well #2 Horizontal well 

Alberta Oil Sands Technology Athabasca Underground Test Facility Shaft & tunnel access 
and Research Authority 

Amoco Canada Petroleum Co. Ltd. Brintnell Steam stimulation 
Gregoire Lake - Phase B Steamflood with additives 
Morgan Pressure cycle in situ combustion 
Soars Lake (Beaverdam) Steam stimulation 
Soars Lake (Beaverdam) (New) Steam stimulation 

Canada Northwest Energy Ltd. Alice Buffalo Cyclic steam 
Esso Resources Canada Ltd. Fisher Creek Cyclic steam stimulation 

Leming Cyclic steam, horizontal well 
May/Ethel Cyclic steam, borehole mining 

Home Oil Company Ltd. Kitscoty Cyclic steam and sleamflood 
Husky Oil Caribou Lake Cyclic steam 

Kearl Lake Modified steam drive 
Koch Exploration Canada Ltd. Fort Kent Cyclic steam, steam drive 
Mazzei Oil & Gas Ltd. Frog Lake (New) Electromagnetic stimulation 
Mobil Oil Canada, Ltd. Iron River Cyclic steam stimulation 

Wolf Lake Extension Steam, horizontal well 
Noreen Energy Resources Ltd. Lindbergh I Huff and puff steam 

Lindbergh II Cyclic steam stimulation 
Lindbergh III Modified steam drive 
Lloydminster Horizontal Well Horizontal primary 
Provost (Bodo) Cyclic steam, steamflood 

PanCanadian Petroleum Ltd. Lindbergh - Elk Point Steamflood 
Petro-Canada Resources PCEJ Cyclic steam 
Renaissance Energy Ltd. Horizontal Well Horizontal well primary

AOSTRA Participation 

ESSO CUTS BACK COLD LAKE PRODUCTION 

During March and April, Esso Resources Canada Limited 
shut in approximately 15,000 barrels per day of bitumen 
production from the Cold Lake project. The company 
planned to bring that amount back into production some-
time in May which would bring total bitumen production 
back up to 80,000 barrels per day. 

The decision to cut back Cold Lake production was based on 
prevailing market conditions: the low price for heavy oil, the 
large price differential between heavy oil and light oil, and 
the glut of heavy oil on the market following the 
Iraq/Kuwait crisis. With an expected shift toward more 
favorable market conditions, the company planned to 
resume normal operations in May.

Esso had previously announced that it would start up 
Phases 7 and 8 of the Cold Lake project in March of this 
year, as was reported in the March 1991 issue of the P ace

 Synthetic Fuels Report (page 3-1). In late February, 
however, Esso officials made a decision to delay the 
scheduled startup of these two phases. 

The decision to delay startup was again based on poor 
market conditions. However, company officials view the cur-
rent price differentials and low prices for heavy crude as 
short term and say that the delay in starting up Phases 7 and 
8 is only temporary. 

Depending on how quickly and to what degree the current 
market conditions shift to a more favorable business climate, 
Esso still plans to begin steaming operations for Phases 7 
and 8 later this year. If all goes well, steaming could begin in 
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TABLE 2 

RECENTLY TERMINATED PILOT PROJECTS 

Amoco Canada Petroleum Co. Ltd. 

Bow Valley Industries Ltd. 
BP Canada Inc. (Petro-Canada 50%) 

Canadian Occidental Petroleum Ltd. 

CS Resources Ltd. 
Excel Energy Inc. 
Mobil Oil Canada, Ltd. 

Murphy Oil Company Ltd. 

PanCanadian Petroleum Ltd. 
Petro-Canada Resources

Sector 

Ipiatik Lake Phase A 
Ipiatik Lake Phase B 
Suffield 1 
Suffield 11 
Suffield Hot Water Flood * 
Atlee Buffalo 
Gregoire Lake Phase A 
Marie (Cold Lake) 
Marguerite Lake 
Project Owl 
Manatokan 
Morgan 
Pelican 
Ardmore 
Kitscoty 
Wolf Lake 
Lindbergh 
Morgan 
Lindbergh 
Hangingstone I 
Hangingstone II 
Hangingstone III 
Viking-Kinsella B

Process 

Cyclic steam 
Cyclic steam 
Wet combustion 
Gas injection slug 
Hot water flood 
Combination thermal drive 
Steamflood with additives 
Cyclic steam, fracture assisted 
Wet combustion with 02 
Wet combustion with 
Huff and puff, steam drive 
Fireflood 
Cyclic steam, fireflood 
Steam stimulation steam drive 
Thermal drive 
Cyclic steam 
Cyclic steam 
Cyclic steam 
Cyclic steam 
Cyclic steam 
Cyclic steam 
Cyclic steam 
Oxygen in situ combustion 

Operator 

Alberta Energy Company Ltd. 

AOSTRA Participation 

October or November, and production from Phases 7 and 8 
could begin in the spring of 1992. 

Production from Cold Lake Phases 7 and 8 is expected to 
start out at 14,500 barrels of bitumen per day and build up to 
20,000 barrels per day. Total bitumen production from the 
Cold Lake project would then be approximately 
100,000 barrels per day.

One other market element being monitored by Esso is the 
availability of upgrading capacity. If additional upgrading 
capacity comes on line as expected, the company would be 
more likely to boost bitumen production from its Cold Lake 
project, says a company spokesman. 

fl#1 
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CORPORATIONS 

SUNCOR REPORTS IMPROVED RESULTS FOR 1990 

According to its annual report, Suncor Inc. reported earnings 
in 1990 of $124 million, compared with $57 million in 1989 
and a loss in 1988 of $44 million. The report cites higher 
crude prices as the primary reason for improved earnings in 
1990. According to the report, Suncor's future financial per-
formance remains highly dependent on the behavior of crude 
oil prices. In 1991, a US$1 per barrel change in crude oil 
prices for the year would affect Suncor's consolidated earn-
ings by approximately $18 million. Because synthetic crude 
oil accounts for more than 80 percent of Suncor's crude oil 
production, a change in production of 1 million barrels 
(about 5 percent of Oil Sands Group's annual production) 
would affect consolidated earnings by approximately 
$9 million, with crude prices at US$20 per barrel. 

Oil Sands Group 

Suncor's Oil Sands Group recorded earnings of $78 million 
in 1990, compared with $41 million in 1989 and a loss of 
$10 million in 1988. 

The improvement in earnings was due mainly to higher 
crude oil prices ($82 million), partially offset by lower syn-
thetic crude production ($21 million). The decline in syn-
thetic crude production was the result of a 41-day main-
tenance shutdown that extended beyond schedule. The 
Group's next shutdown is planned for 1993. 

In 1990, production averaged 60,000 barrels per day, exclud-
ing the shutdown period. Management expects to be able to 
maintain this level of performance outside of shutdown 
periods. November was a record production month, with 
average production of 67,700 barrels per day. 

In 1990, cash operating costs were $17.25 per barrel, includ-
ing the shutdown period, and $15 per barrel, excluding the 
shutdown period, compared with $14.50 per barrel in 1989 
when no shutdown affected production. Management will 
continue to focus on bringing costs down to below the 
$15 (1990 dollars) per barrel level, says the report. 

In 1989, the royalty agreement with Noreen Energy 
Resources Limited on the operation's main lease was 
changed to make it more sensitive to price. In the first 
7 months of 1990, the rate was 4 percent, based on an 
average price of $20.70 per barrel. With the escalation of 
crude oil prices, the royalty for the remainder of the year 
averaged 6 percent, based on an average price of $34.25 per 
barrel. After December 31, 1991, the royalty will change sig-
nificantly to be the greater of 5 percent of revenues or 
30 percent of revenues less allowed operating and capital 
costs.

Oil Sands Group took advantage of opportunities to increase 
productivity during the year. For example, the Group 
upgraded the mechanical infrastructure and increased the 
horsepower of the smaller of its two conveyor systems used 
to transport oil sands from the mine to the extraction plant. 
The improvements increased the conveyor's capacity by 
35 percent and will enable higher production levels to con-
tinue when the other conveyor is down for maintenance. 

During 1990, all of the Group's environmental licenses were 
renewed or extended. In addition, progress continued on the 
reduction of plant site odors, with the implementation of a 
$3 million odor abatement project. In addition, construction 
began on a pilot plant to recover sulfur dioxide emissions 
from the utilities plant. The pilot plant is scheduled to begin 
operations in early 1991 and will be evaluated later in the 
year. 

In August, the Government of Alberta issued an Emission 
Control Order to Oil Sands Group for hydrogen sulfide emis-
sions, resulting from problems following the maintenance 
shutdown. Corrective actions were already underway by the 
time the order was received. These actions are currently un-
der review by the government. 

Burnt Lake Pilot Project 

During the year, Resources Group began a pilot project on 
its Burnt Lake heavy oil property to test whether the heavy 
oil could be produced economically without using costly 
steam injection techniques. The Group is experimenting 
with four wells, using special well completion programs and 
well pump assemblies capable of pumping viscous heavy oil 
and large amounts of sand. The report says the results from 
these wells are encouraging and may lead to plans to expand 
the pilot and ultimately develop the project. 

PETRO-CANADA NOTES STEADY PARTICIPATION IN 
OIL SANDS 

Petro-Canada's 17 percent interest in the Syncrude plant 
provided the company with 26,700 barrels of synthetic crude 
oil per day in 1990. According to the company's annual 
report for 1990, Syncrude provides close to one-third of 
Petro-Canada's crude oil production. 

A consortium in which Petro-Canada has a 15 percent inter-
est continued preliminary engineering for the OSLO oil 
sands mining project near Fort McMurray in Alberta. The 
participants expect to be ready to make a decision in late 
1991 on whether to proceed with development. 
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Petro-Canada also participated with other companies in fur-
ther work on a new technology involving dredge mining, low-
temperature bitumen extraction and ore transportation. A 
small demonstration plant is being considered to lest com-
mercial applications of the technology. 

According to the report, in situ activity during 1990 included 
record bitumen production, averaging 3,400 barrels per day 
from the 50 percent ownership of the Wolf Lake facility. In 
May, PCEJ Hangingstone was brought onstream as a 13-
well, cyclic steam stimulation pilot. Petro-Canada is the 
operator of this in situ bitumen joint venture in which it has 
a 25 percent interest. 

Petro-Canada's proved reserves of oil sands amount to 
243 million barrels of crude oil. In 1990 production averaged 
30,100 barrels of oil per day. Oil sands contributed 
15 percent of the company's resources division operating mar-
gins.

##1# 

AEC NOTES IMPORTANCE OF OIL SANDS ASSETS 

Calling the Primrose in situ heavy oil sands lease rights 'a 
major untapped asset," Alberta Energy Company Ltd. 
(AEC) says several events in 1990 have advanced the timing 
of development. 

Through the application of new technical approaches, the 
Primrose heavy oil deposits have been shown to be of higher 
quality and recoverable at lower costs than previously an-
ticipated. A new steam injection heavy oil pilot, which was 
placed in production in early 1991, has added another poten-
tial commercial project in the central portion of the range. 
In addition, AEC believes that after a period of adjustment, 
oil prices will settle at a higher base level. 

AEC's 1990 Annual Report says the Clearwater formation is 
being evaluated for commercial production in three project 
areas. There are 100,000 barrels per day being produced 
from this formation from commercial steam injection heavy 
oil projects just south of Primrose. AEC says this technology 
is profitable at a West Texas Intermediate oil price of 
US $22 per barrel. 

By the end of 1991, AEC expects to be testing more than 
80 wells using various techniques, including a cold technique 
which employs specialized pumps. Early commercial 
development will be considered. 

AEC expects its share of Primrose heavy oil production to 
grow to about 10,000 barrels per day over the next 5 years 
and double by the late 1990s. 

#S#1

TANCLEFL%GS HORIZONTAL WELL REACHES 
1400 BARRELS PER DAY 

A well that was drilled 1,200 feet horizontally through a 
heavy oil reservoir at Tangleflags in 1987 is reported to have 
reached peak production rates in excess of 1,600 barrels of 
oil per day.	 I 

A second horizontal well and a steam injection well were 
drilled in the fourth quarter of 1990. Additional steam 
capacity was scheduled to be added in the first quarter of 
1991. 

According to Murphy Oil Corporation's 1990 Annual 
Report, expanded enhanced oil recovery activities will 
depend on higher prices for oil and reduced operating costs. 

fl## 

HUSKY OIL OFFERED FOR SALE 

Husky Oil Ltd. is being offered for sale by its majority 
owners, Nova Corporation and Hutchinson Whampoa Ltd., 
each with a 43 percent ownership. Husky Oil is Canada's 
largest heavy oil refiner. The company operates the Lloyd-
minster upgrader and a line of 347 retail gasoline stations, 
most of which are in western Canada. 

According to the 21! QajJy, it has been rumored for over a 
year that each of the major shareholders were willing to sell, 
but potential buyers have been reluctant to bid unless a 
majority stake in the company was offered. 

'Sn 
UNITAR/UNDP CONFERENCE RESCHEDULED 

The 5th UNITAR/UNDP International Conference on 
Heavy Crude and Tar Sands which was to have taken place 
in February 1991 in Caracas, Venezuela has been res-
cheduled. The conference will be held August 4 through 9, 
1991, in Caracas. Efforts are now underway to complete new 
arrangements for the conference, and registrants will be in-
formed when the arrangements have been finalized. 

'Sn 
ORS CORPORATION CHANGES NAME 

In a recent meeting of the company's shareholders, ORS Cor-
poration president, R. Case, announced the passage of a 
number of proxy provisions. Among them was a change of 
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the company's corporate name from ORS Corporation to 	 shareholders meeting was held at company headquarters in 
Electromagnetic Oil Recovery, Inc.	 The annual	 Tulsa, Oklahoma.
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GOVERNMENT 

ALBERTA CHANGES ROYALTY STRUCTURE FOR 
HORIZONTAL WELLS 

Alberta's Energy Minister R. Orman recently announced 
changes to the royalty calculation for horizontal wells drilled 
between December 31, 1990 and January 1, 1993. 

Under the temporary program, the definition of horizontal 
well productivity rates has been changed to approximate the 
number of vertical wells that would be drilled to produce a 
similar area based on quarter section and quarter legal sub-
division spacing. To calculate the horizontal well royalty 
rate, well productivity will be divided by the number of verti-
cal wells replaced to a maximum of three. The estimate of 
the number of vertical wells replaced will be based on the 
horizontal length of the well. 

"This royalty relief program demonstrates the Government 
of Alberta's commitment to horizontal drilling techniques 
that will increase Alberta's crude oil reserve base and reduce 
the higher risk to producers associated with horizontal 
wells," said Orman. Horizontal drilling has the potential to 
increase Alberta's crude oil reserves by up to 30 percent. 

The royalty program is being introduced on a temporary 
basis to allow producers to gain more experience with 
horizontal drilling technology. 

From an environmental standpoint, Orman says, "Horizontal 
wells create less surface disturbance for landowners by drill-
ing fewer wells than traditional vertical techniques." 

A standard oil well is usually drilled as close to vertical as 
possible, although in some cases there are deviations from 
90 degrees to deal with surface limitations such as rivers, 
lakes, or environmentally sensitive areas. However, 
"directional" wells are still drilled using conventional drilling 
techniques. 

There are several advantages to horizontal drilling. In ex-
treme cases, if a reservoir has a thin pay zone, or the oil has 
been trapped in a number of small vertical breaks in the 
rock, there will be a substantial increase in oil recovered com-
pared to vertical wells. A thin reservoir may not produce 
enough oil through a vertical well to pay operating costs or 
justify more wells being drilled. A long horizontal well acts 
like a large number of vertical wells penetrating the same 
reservoir. The increased productivity can make the pool 
economic, thereby increasing the amount of oil that will ul-
timately be recovered. If the oil is trapped in vertical frac-
tures, a horizontal well could penetrate several of them for 
much less than the cost of drilling a vertical well into each 
one. This again results in oil being captured when it would 
otherwise not be economic to do so.

In the more common forms of oil reservoirs, the oil-bearing 
rock is at an angle close to horizontal. In cases where there 
is a reasonable thickness for vertical wells to be economic, 
then the main advantage of a horizontal well is increased 
productivity. Because the horizontal well taps into a greater 
portion of the reservoir, it drains oil equivalent to a number 
of vertical wells, which can increase productivity three to 
four times over that of a vertical well. Experience from 
horizontal wells drilled in Alberta has shown productivity for 
horizontal wells as high as five times as much as the average 
productivity for vertical wells in the same pool. 

There is also potential to increase the total recovery of oil by 
using horizontal wells. Because horizontal wells produce at 
higher rates, they can be more cost effective and produce 
more oil than vertical wells before the production rate 
declines. Horizontal wells can produce at these higher rates 
for longer periods of time. Also, they may be able to drain 
less accessible parts of the reservoir, such as thin layers, 
broken up areas, or areas close to a water or gas contact 
more effectively. 

About 100 horizontal wells have been drilled in Alberta, 
small number compared to the 140,000 conventional wells. 

##fl 

ERCB REVIEWS YEAR IN OIL SANDS 

In "Energy Alberta 1990," Canada's Energy Resources Con-
servation Board (ERCB) reviews oil sands activities in 1990. 

ERCB says Syncrude Canada Ltd. ended 1990 with a record 
production of 9 million cubic meters of synthetic crude oil, 
up nearly half a million cubic meters from 1989. Suncor Inc. 
recorded its third best year of production, producing about 
3 million cubic meters of synthetic crude oil. Figure 1 shows 
bitumen and synthetic crude oil production from Alberta's 
oil sands for the past 10 years. 

Throughout 1990, work proceeded on the design of the 
$5 billion OSLO commercial oil sands mining project. The 
OSLO application review team (OSLO ART) and its eight 
subcommittees worked to resolve technical, environmental, 
social and Aboriginal issues in advance of a public hearing. 
OSLO ART planned to submit a major report and recom-
mendations to ERCB in the spring of 1991. 

In December 1990, two commercial in situ projects, Esso 
Resources Canada Limited's Cold Lake Production Project 
and Amoco Canada Petroleum Company Ltd.'s Elk Point 
Project, announced expansion plans. 
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FIGURE 1 

BITUMEN AND SYNTHETIC 
CRUDE OIL PRODUCTION 
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Esso will proceed with additional wells, facilities and 
pipelines required for Phases 7 and 8 of its project. This ex-
pansion will add 3,000 cubic meters per day of crude bitumen 
production to the Cold Lake project. 

Amoco filed an application in December 1990 to construct 
Phase 2 of its Elk Point commercial oil sands project. The 
company proposes to use both primary production and ther-
mal stimulation to produce 2,300 cubic meters per day of 
crude bitumen.

jetting four cavities some 10 to 20 meters below the surface. 
If this technique is successful, it may provide a cost effective 
way of recovering bitumen from shallow in situ deposits 
presently inaccessible by surface mining, says ERCB. 

In 1990 Syncrude started the first phase of field trials to 
evaluate the feasibility of capping mature oil sands tailings 
sludge with natural water. Sludge capping is one of a num- 
ber of reclamation strategies for oil sands tailings now being 
investigated by both Syncrude and Suncor. 

Several experimental developments for in situ recovery 
methods continued in 1990. Chevron Canada Resources an-
nounced its heated annulus steam-drive project, or 
HASUrive, north of Fort McMurray. Chevron proposes to 
use a combination of a heated horizontal well and vertical 
wells to recover crude bitumen from a formation that is 
40 meters thick and 175 meters deep. Also in the Fort 
McMurray area, the Alberta Oil Sands Technology and 
Research Authority continued to develop its Underground 
Test Facility with the construction of additional tunnels in 
preparation for drilling six new horizontal wells. 

In the Cold Lake area, Esso completed initial work on a 
borehole drilling experiment. A vertical well was drilled into 
a 30-meter sands formation 500 meters below the surface. 
The drill bit was then replaced with a high-pressure water 
nozzle to create a large cavity, sending water and bitumen to 
the surface through the well. The objective of the project is 
to assess the economics of this method. 

The Amoco and Suncor commercial projects commenced 
testing of primary production potential in the Primrose area, 
which could lead to modified development plans using a com-
bination of primary and thermal recovery methods, says 
ERCB. 

BP Resources Canada Limited's Wolf Lake project commis-
sioned a new water recycle plant in April 1990. This is the 
second commercial oil sands project in Alberta to integrate a 
100 percent produced water recycle process. 

In September 1990, OSLO applied to ERCB to scale up its 
dredging and cold water extraction process from a field test 
to a full-scale pilot project, known as the Mildred Lake Pilot 
Project. 

OSLO also operated a pilot plant at the Petro-Canada Inc. 
research facility in northeast Calgary, testing various water-
based extraction processes. A warm water extraction process 
has been selectedfor further testing. 

Another experimental OSLO project involves borehole min-
ing in shallow oil sands. The 1990 project involved water-

CANADA MOVES NATIONAL ENERGY BOARD TO 
CALGARY 

Canada's Finance Minister has announced that the National 
Energy Board will be moved to Calgary, Alberta from Ot-
tawa, Ontario. The federal government's decision to relo-
cate the National Energy Board is part of the plan to 
decentralize federal services. 

In response to the announcement, Alberta's Energy Minis-
ter, R. Orman, said, "The National Energy Board is an ex-
tremely important regulatory agency and there are many com-
pelling reasons why Calgary is an excellent location for it. 
Orman noted that in the several months preceding the an-
nouncement a number of organizations had strongly sup-
ported the move. 

In fiscal year 1990-1991, the Canadian National Energy 
Board will work with a budget of approximately $27 million. 
The board employs a staff of 310 people. 

nfl 
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RECENT OIL SANDS ORDERS AND APPROVALS 
LISTED 

An updated list of recent orders and approvals in the oil 
sands area by Alberta's Energy Resources Conservation 
Board is given in Table 1.

TABLE I

SUMMARY OF OIL SANDS ORDERS AND APPROVALS

Order	 - 
Number	 Date	 Description 

App 449 IC 21 Feb91 Commercial oil sands schemes 
Amoco Canada Petroleum Co. Ltd. 
Lindbergh and St. Paul Sectors 

Expires/ 
Rescinds 

31 Aug 91 

App 6440	 1 Mar 91
	

Experimental oil sands schemes
	

Feb 91 
Chevron Canada Resources 
Stccpbank Area 

App 4785C 7 Mar 91
	

Commercial oil sands schemes
	

31 Dec 2013 
Suncor Inc. 
Primrose Sector
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ENERGY POLICY & FORECASTS 

NATIONAL ENERGY BOARD FORECASTS NEXT 
MINING PLANT START DATE TO BE 2004 

A preliminary report from Canada's National Energy Board 
(NEB), an outlook on energy supply and demand to 2010, 
says that construction on the next oil sands mining plant 
probably will not begin until 1999 with the first year of 
production likely to be 2004. 

As shown in Figure 1, the level of mining synthetic crude 
production is expected to remain relatively flat until 2004, 
when the next new oil sand mining plant is projected to start 
producing. A second oil sand mining operation is projected 
to start up in 2009, with construction beginning in 2003. 

Bitumen Supply Projection 

The NEB draft report developed a bitumen supply projec-
tion based on estimated supply costs calculated for typical 
bitumen projects in each of the bitumen producing areas and 
on bitumen field prices developed in conjunction with the 
light crude/heavy crude price differentials assumed for the 
projection period. 

Bitumen projects were generally scheduled for startup when 
estimated supply costs equaled bitumen prices. The projects 
included in this projection have estimated supply costs of less

than about C$87 per barrel. Given the current level of in-
dustry activity, projects have been deferred somewhat in the 
early years of the projection period, says the report. 

With the exception of the final 5 years of the projection, the 
supply of blended bitumen and conventional heavy crude is 
less than the estimated market potential. The market poten-
tial estimate does, however, limit supply in the period 2005 
to 2010 when prices are high enough to develop significant 
quantities of bitumen. 

A supply cost analysis for the Low Case indicates that the 
bitumen price will not be high enough to meet the supply 
costs of future projects. Analysis for the High Case indicates 
that the bitumen price will be high enough for in situ 
bitumen development to occur in excess of the market poten-
tial estimate. 

According to the NEB, the supply of bitumen in this projec-
tion reflects a comprehensive evaluation of bitumen develop-
ment supply costs. 

Price Differential Between Light and Heavy Crude 

According to the preliminary report, NEB anticipates that 
the differential between light crude and blended bitumen 
will increase steadily in real terms over the projection period, 
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from about US$530 per barrel in 1990 to US$750 per barrel 
in 2010. This compares to an average differential of about 
US$5 per barrel over the past 4 years. 

The report says there are a number of factors which could 
cause the differential to increase over the projection period. 
They include the following: 

Declining indigenous supplies of light crude oil 
supply in both the United States and Canada and 
potential limitations on access to imported crude to 
northern tier markets in the United States due to 
pipeline constraints and/or environmental con-
cents could increase the differential.

come heavier; as crude prices increase, the invest-
ment in heavy crude projects becomes more attrac-
tive, creating a larger heavy oil portion of the over-
all crude supply. 

Decreasing demand for heavy fuel oil for electricity 
generation due to environmental concerns and dis-
placement by natural gas may drive prices for 
heavier oils to low levels relative to light crude. 

As conversion and upgrading costs increase, the demand for 
heavy crude will remain low, thereby widening differentials 
to cover increased upgrading costs. 

Sn, 
- Despite large world reserves of light crude oil, the 

potential is for the world barrel to gradually be-
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ECONOMICS 

BENEFITS OF HEAVY OIL DEVELOPMENT OUTLINED 
FOR CANADA 

Significant potential exists for Canadian heavy oil produc-
tion. However, determining the optimal level of develop-
ment is difficult and requires an estimation of the net 
benefits of such production. A discussion of the costs and 
benefits, both social and economic, of heavy oil production 
in Canada was presented by AJ. MacFadyen, associate 
professor of economics, University of Calgary, at the Fourth 
Annual Conference on the Canadian Heavy Oil Industry 
held last winter in Calgary, Alberta. 

MacFadyen notes that many prefer to let the market per-
form the task of comparing benefits and costs through 
market behavior. There is a strong tendency for the market 
to reflect whatever benefits or costs individuals associate 
with production of heavy oil, he says. However, there have 
been suggestions that free markets fail to recognize the full 
range of benefits from heavy oil development. Additional 
benefits identified by MacFadyen include security of energy 
supply, knowledge obtained through research and develop-
ment efforts, employment, foreign exchange and regional 
economic development. He also notes there are costs as- 
sociated with heavy oil development that the market fails to 
recognize, such as environmental damage and resource deple-
tion. 

Specifying the benefits of heavy oil production, he says, is a 
matter of determining the net benefit received as opposed to 
the total or gross benefit. Thus both total benefits and total 
costs must be considered. This, however, is not as simple as 
it sounds because in cost-benefit terms, the same element 
may be viewed quite differently by different parties: 'one 
man's benefit may be another man's cost." 

MacFadyen illustrates this point with an example of how dif-
ferent parties view a heavy oil project. The company under-
taking the project views all of the inputs (i.e.,. construction 
materials and labor, operating materials and labor, utility ex-
penses, royalties and taxes) as costs. Benefits to the com-
pany come in the form of the selling price of the product. 

From the consumer's viewpoint, the cost is the price he must 
pay for the product, while the benefit is the amount he 
would be willing to pay for the product or a viable substitute. 
If a similar product can be obtained for the same price, then 
the net benefit to the consumer is zero. 

From the standpoint of labor, the benefits are the effective 
wages received, weighed against the cost of alternative 
employment opportunities foregone. If the workers would 
otherwise be employed in similar jobs at the same wage 
rates, then there is no net benefit to labor.

From the government's point of view, he says, the direct 
benefits are the tax and royalty payments received from the 
producer. As long as the project requires no incremental 
expenditures by government, there are no appreciable costs 
to government. 

The sum of the net benefits for all the parties in the above 
example is frequently used as an initial approximation of the 
aggregate net benefits of a project. MacFadyen says that this 
rather narrow view of net benefits is, however, not neces-
sarily a basis for policy analysis. There may be relevant 
"externalities" above and beyond the direct benefits and costs 
experienced in the oil market. 

MacFadyen lists some of the possible external social benefits 
as: 

- Employment 
- Regional growth 
- Economic diversification 
- Security of supply 
- Foreign exchange 
- Research and development 
- Downstream scale economies 
- Offset capital market imperfections 

Some of the possible external social costs are: 

- Pollution 
- Resource depletion 
- Government infrastructure 
- Boom/bust cycles 

According to MacFadyen, virtually all of these external ef-
fects can be made to sound like a reasonable basis for special 
government action. He argues, however, that "one should 
have a very strong case for interfering with the natural 
functioning of the market mechanism in a particular industry 
before doing so, particularly since such intervention estab-
lishes a clear precedent for additional involvement." 

Evaluation or Possible External Benefits 

On the external benefit side, he says, any number of argu-
ments can be made for special incentives to expand produc-
tion: 

- Heavy oil production provides much needed jobs, 
both directly and indirectly. 

The industry provides economic stimulus to the 
regional economy of east central Alberta and 
central southern Saskatchewan. 
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The anticipated decline in output and reserves addi-
tions in the conventional light and medium oil in-
dustry can be balanced by diversification into the 
production of heavy oil, bitumen and upgrading 
operations. 

- Higher heavy oil output will reduce growing de-
pendence of Canada on unstable international oil 
imports. 

- Expanded heavy oil output will generate valuable 
foreign exchange for Canada. 

The long-run viability of industries depends upon 
continued technical innovation to reduce produc-
tion costs, and to create expanded market oppor-
tunities, but individual companies are reluctant to 
devote their resources to such effort. 

Falling production of conventional Western 
Canadian light and medium crude will tend to 
leave downstream facilities (especially pipelines) 
underutilized. 

- The high risks of oil industry investment mean that 
potentially profitable and beneficial heavy oil 
projects are being passed up. 

Arguments which are equally convincing can be made on the 
external cost side to suggest that industry activity should be 
regulated or slowed down from what the market dictates: 

Heavy oil and bitumen tend to be high in both the 
sulfur implicated in the North American acid rain 
problem and the carbon implicated in the 
greenhouse effect." 

Petroleum resources are an exhaustible natural 
resource, which the current generation is using up 
too rapidly at the expense of the living standards of 
future generations. 

- The heavy oil industry tends to be prone to boom 
and bust cycles which put both economic and 
social/psychological strain on local residents. 

- Expanded industry activity draws more people into 
the region, necessitating significant incremental ex-
penditures by local and provincial governments.

All these arguments have common sense appeal, he says, but 
in each case careful consideration is essential to demonstrate 
their validity. 

Regarding employment benefits, it must be noted that rela-
tively high unemployment rates in the economy do not neces-
sarily imply high unemployment in the job skills specific to a 
particular industry. Also, the petroleum industry is a very 
capital intensive industry so that very few jobs are directly 
created by the industry. 

With respect to security of energy supply benefits, this issue 
is much more complex than it might initially appear, he says. 
First, both the Free Trade Agreement with the United States 
and Canada's agreements with other members of the Interna-
tional Energy Agency call on Canada to share supplies with 
other countries during a crisis. Secondly, hastening the 
production of domestic oil might offer some protection in 
the short-to-medium term, but will cause dependence on im-
ports in the longer term. Third, there were no significant 
physical shortages of oil in the market during the previous 
crises. 

Conclusions 

The demand for heavy crude oil in any one market is quite 
restricted and price insensitive. 

The demand for upgraded crude is very price elastic at 
prevailing international prices, but the economics of conver-
sion depend critically on the light oil/heavy oil price differen-
tial. 

The physical potential for Canadian heavy oil is high, but the 
basic supply conditions are quite different for output from 
conventional heavy oil pools and from the bitumen/tar sands 
deposits. Some conventional heavy oil output is available at 
lower prices, but the supply curve rises noticeably as prices 
increase. The less conventional heavy oil deposits are higher 
in cost, but available in large volumes with less pronounced 
quality differentials, so that the supply curve has a much 
higher threshold price, but is much more elastic. 
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TECHNOLOGY 

SYNTIIEFIC CRUDE OIL PROVIDES UNIQUE 
REFINERY FEEDSTOCK 

The properties of synthetic crude oils vary significantly from 
most conventional crude oils and these differences must be 
taken into account in order to optimize their use in 
refineries. This conclusion was reached by A.W. Hyndman, 
A.S. Mankowski and B.P. Sunderland, all of Syncrude 
Canada Ltd., in their paper which was presented at the 1991 
National Petroleum Refiners Association annual meeting 
held in San Antonio, Texas in March. 

According to the authors, synthetic crude oil is foreseen as a 
replacement for declining supplies of light, sweet Canadian

crude oils. However, they say, there are a number of sig-
nificant differences between conventional crude oil and the 
synthetic crude produced by Syncrude Canada Ltd. 
(Table 1), most notably the low sulfur content and the lack 
of a residuum or bottoms fraction. These characteristics are 
advantageous to refiners with limited sulfur removal and 
recovery facilities as well as to refiners with limited coking 
capacity or markets for asphalt. 

Properties of Synthetic Crude Oil 

The percentage of naphtha found in synthetic crude oil is 
lower than that in conventional crude oil, and results in less 
heavy straight run naphtha available for catalytic reforming. 

TABLE 1

SYNTHETIC AND CONVENTIONAL CRUDE PROPERTIES 

IPL Sweet 
Fraction Quality Units Syncrude Mixed Blend 

C3 Minus Yield Vol% 0.35 max 1 

C4 's Yield Vol% 3.5 max 1.0-3.0 

C5 to 180°F Yield Vol% 5 8.5 
Octane (R+M)/2 60 65 

180°F to 350°F Yield Vol% 14 22.5 
(Heavy Naphtha) Sulfur ppm wt <10 500 

Nitrogen ppmwt <0.4 5 
N+2A Vol% 70 72 

3500 to 550°F Yield Vol% 23 18 
(Jet Fuel) Smoke Point mm 13 24 

Aromatics Vol% 35 22 
Freeze Point OF -67 -31 

3500 to 650°F Yield Vol% 44-48 22 
(Diesel) Cetane Ce. No. 33 50 

Aromatics Vol% 48 26 
Sulfur gpmwt 300-500 2500 
Pour Point F -55 -10 

650° to 1050°F Yield Vol% 33-39 26 
(Heavy Gas Oil) Sulfur ppm wt 3200-4200 10000 

Nitrogen Total ppm wt 1550 max <1200 
Aromatics Vol% 60 40 

1050°F Plus Yield Vol% 0 9.0 
(Residuum)
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However, this heavy naphtha is low in nitrogen and sulfur, al-
lowing direct reforming without hydrotreating. 

According to the paper, the higher proportion of light gas oil 
in synthetic crude shifts the refinery gasoline/distillate ratio. 
The kerosene fraction is high in density and has a freezing 
point which is well below the Jet A fuel specifications and 
also below the Jet B specifications. A high aromatics con-
tent of the jet cut does however result in a low smoke point. 

The middle distillate fraction is low in sulfur, very stable, and 
has an extremely low pour point, making it an excellent com-
ponent of winter diesel fuels, and a means of meeting new 
diesel sulfur targets. The cetane number is tow due to the 
aromatics levels and can result in cetane deficiencies. 

The authors say that a higher proportion of conversion 
feedstock in synthetic crude results in higher overall refinery 
product volume gains of I to 2 volume percent. Catalyst 
deactivation due to metal sulfide deposition is not a problem 
due to an absence of metals. A much lower sulfur content, 
but higher nitrogen and aromatics levels, impact on conver-
sion processes, they say. Fluid catalytic cracking units ex-
perience higher gasoline yields, lower conversion levels and 
higher coke make (carbon on catalyst). Synthetic gas oil is 
therefore a good addition to a catalytic cracker feed pool if 
the refiner's other crude slate is paraffinic. The higher 
nitrogen content means a hydrocracking refiner must have 
severe pretreating capability, in which case high yields of liq-
uid products will be attained. 

Canadian synthetic crude oil has been used in some quan-
tities by most of the refiners within reach of the Trans Moun-
tain Pipeline and Inter

p
rovincial Pipeline systems. However, 

currently over two-thirds of the production is consumed by 
the three Edmonton area refineries operated by Esso 
Petroleum Canada Ltd., Petro-Canada Products Limited, 
and Shell Canada Ltd. 

Esso runs the synthetic crude in an admixture with conven-
tional crude. This refinery is a fluid cat cracking operation 
with no hydrogen production capacity. This operation has 
the following characteristics: 

Synthetic crude can be proportioned to assist in 
balancing the product slate, particularly useful in 
augmenting the production of winter diesels and 
heating oils. 

The addition of the resid-free synthetic crude to 
conventional crude has the effect of unloading the 
vacuum stripping facilities, which could reduce the 
resid yield from conventional crude. 

- Production of products such as jet fuel or 
lubricants may limit the amount of synthetic crude 
in the blend or may require a blocked operation.

Unless the refinery has sufficient hydrotreating 
capacity, the high yield of low cetane diesel 
material may be a problem. 

According to the authors, the Shell Scotford Refinery is the 
world's only refinery that runs entirely on synthetic crude oil 
(Figure 1), a blend from Syncrude and Suncor. Exclusive 
processing of synthetic crude enables the distillation facilities 
to be simplified in the following areas: 

Desalting is not required. 

A lack of residue eliminates the need for a vacuum 
unit. 

Because all fractions are processed further, the 
crude column operates without steam injection and 
side strippers. 

Metallurgy is simplified due to a lack of corrosive 
agents. 

At the center of this all-hydrogen refinery is a hydrocracking 
unit which runs a mixture of middle distillate and heavy gas 
oil. Through adjustment of feed blend and unit operating 
severity, the gasoline/diesel ratio can be managed. This 
refinery, running resid-free crudes, is able to produce a high 
yield of liquid as fuel products and chemical plant feedstock, 
they say. 

The Petro-Canada refinery is a conventional crude, fluid cat 
cracking refinery with additional dedicated synthetic crude 
fractionation and hydrocracking facilities similar to the Shell 
refinery. This configuration provides the following oppor-
tunities: 

Blocked operations are avoided. 

Having the cat cracker within the refinery allows 
for optimization of cat cracker and hydrocracker 
feed and recycle operations. 

Additional hydrogenation capacity for the cat 
cracker light cycle oil helps to minimize the diesel 
cetane constraint. 

Trends 

As refining requirements shift, synthetic crude producers 
must respond if their crudes are to maintain their relative 
market value, says the paper. Two trends having a major in-
fluence on future refining requirements are refinery 
feedstock availability and environmental concerns resulting 
in changes to final product specifications. 

The decline in the availability of conventional light sweet 
crudes, says the paper, could be partially offset through in-
creased production of Canadian synthetic crude from the 

-
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Athabasca oil sands. Currently, one new integrated plant 
with a design capacity of 77,000 barrels per day is in the plan-
fling and design phase, while additional synthetic crude 
upgrading facilities of 40,000 barrels per day are under con-
struction. 

Changes to final product specifications due to environmental 
concerns will result in significant additional processing. Ini-
tial crude properties will become a more important element 
in achieving final product specifications. 

Because it is a manufactured product, synthetic crude oil 
properties can be specified at the design stage to meet 
refiners' requirements. New synthetic crude facilities will util-
ize hydrogen addition technology and will produce sig-
nificantly less aromatic middle distillate and heavy gas oils. 

The authors assert that synthetic crude production capacity 
and product quality are not stagnant. New facilities under 
design and construction will result in synthetic crude becom-
ing an increasingly important crude source, they say. 

##1#

ESSO RESOURCES PIONEERING NEW OIL SANDS 
TECHNOLOGIES 

An article in the Eaton publication The outlines ef-
forts under way at Esso Resources Canada Limited (ERCL) 
to develop new oil sands technologies. 

"Research is to heavy oil what exploration is to conventional 
oil," says the general manager of oil sands operations for 
ERCL. The main problem is not how to find enough of it 
but how to extract it at an affordable cost. 

Heavy oil research has high potential benefits for ERCL, a 
wholly owned subsidiary of Imperial Oil Limited, a Canadian 
company in which Eaton has a 70 percent interest. Imperial 
is the largest holder of oil sands leases and the largest 
producer of bitumen, which it markets to refineries in west-
ern Canada and northern-tier states of the United States. 
Heavy oil production from Cold Lake deposits—which are 
found 1,500 feet below ground—and surface-minable deposits 
in the Athabasca area account for 40 percent of Imperial's 
total petroleum output. 
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ERCL drilled its first wells at Cold Lake in the 1960s. Pilot
	

Basically, cold water is pumped at high pressure through a 
operations, which expanded over the years, were joined in 	 pipe surrounded by casing. The force of a revolving water 
the mid-1980s by a commercial project that is being

	
jet plus the erosive action of sand hollows out a cavity and 

developed in stages. This project now involves 1,400 wells 	 continually undercuts it, collapsing the roof into the bottom. 
and gas-fired steam generating facilities that could heat 
500,000 homes.	 The cavity ultimately stabilizes and resists further erosion—

but not until the water jet has hollowed out a cone-shaped 
Improving Cyclic Steam Stimulation	 chamber considerably larger than the zone drained by a CSS 

well. Slurry is continuously pumped up through the annulus 
Recovering oil at Cold Lake involves an ERCL-developed

	
and bitumen is separated from the sand. When production 

process called cyclic steam stimulation (CSS), in which steam
	 tails off, the mined-out cavity is backfilled. The ability to 

is injected through multiple wells to heat and thin the
	 return most of the depleted sand to the cavity will be one of 

bitumen. After weeks of steaming, the bitumen is pumped
	

the objectives to be demonstrated. 
to the surface through the same wells. Steaming and produc-
tion cycles are alternated to recover as much oil as possible. 	 ERCL experiments indicate that borehole mining can 

recover over 40 percent of the oil—twice the CSS recovery 
A major problem is that the steaming process becomes less

	 rate—and between 13 and 20 boreholes could match the first-
efficient with each succeeding cycle. A CSS well recovers 	 year production of 200 CSS wells. Capital investment is 25 
only about 20 percent of the bitumen in place, and produc-

	 to 50 percent lower than in CSS because it does not require 
tion falls off as repeated steaming increases the water con- 	 hot water. 
tent around the well.

Borehole mining could expand recoverable resources at Cold 
One possible improvement is to stop combining injection

	
Lake. More than half of ERCL's 200,000 acres of leases 

and production in the same well and inject steam con- 	 there are not susceptible to steam stimulation due to high 
tinuously through rows of mIll wells positioned between	 water saturation or shales and clays that block the flow of 
rows of producers. ERCL has run a pilot project on this

	
bitumen. 

technique, called injector-only infill (101), for 3 years with 
good results. A less expensive method is called variable pat- 	 In Situ Combustion 
tern displacement (VPD), which converts some of the exist-
ing CSS wells to injection wells. On the theory that con- 	 At ERCL's new Calgary Research Center, an effort is under-
tinuous steaming puts too much water into the reservoir, 	 way to establish the merits of using in situ combustion after 
VPD would stagger injection both in location and in time. 	 the steaming process that is currently in use at Cold Lake. 

Horizontal Wells
	

In situ combustion is created when steam injected into Cold 
Lake oil sand is followed by air (or by oxygen). In the 

ERCL has begun a new project and drilled 4 horizontal wells 	 presence of air at steam temperatures, the oil sand auto-
under a pad of 20 vertical cyclic steam stimulation wells

	
ignites, creating a burn front that moves outward from the 

where oil has been partially depleted by 8 steaming cycles.	 injection well, pushing oil ahead of it. The high-temperature 
When ready for a ninth cycle, the vertical wells will be used

	
burn front displaces additional bitumen, which steam has dif-

for steaming, but production will take place through the
	

ficulty moving effectively. 
horizontal wells. The long horizontal wells, fitted with 
producing slots along their entire 1,600-loot length, are ex- 	 In the Calgary center, researchers recently achieved con-
pected to capture oil that trickles down from the steam cham-	 tinuous combustion in a three-dimensional model. This was 
bers of the vertical wells and normally would escape	 a suitcase-size box of oil sand kept under pressure com-
recovery.	 parable to that in a Cold Lake formation. Thermocouples 

were embedded in the sand to analyze the progression of the 
Earlier, to test the idea, ERCL used a computer model of

	
burn. An hour of combustion in the model simulated 4 years 

the Cold Lake reservoir to simulate a horizontal well operat- 	 in the field. 
ing for 10 years. The model showed that a horizontal well 
beneath each row of vertical CSS wells should increase total

	
Based on laboratory and computer simulation, it is estimated 

oil recovery by 60 percent and reduce steam requirements by
	 that supplementing CSS with combustion could nearly 

a comparable amount.	 double the bitumen recovery at Cold Lake with relatively 
modest increases in field facilities. 

Borehole Mining
Basal Plane Heating 

Common in the uranium and potash industries, borehole 
mining might eventually replace cyclic steam stimulation in 
heavy oil extraction.

The basal plane heating method calls for injecting steam into 
the oil sands to temporarily change the stress patterns of the 
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forniations, followed by the injection of a fracturing fluid to 
open new flow paths. Horizontal cracks provide much better 
paths for steam stimulation. 

Computer simulations indicate that basal plane heating can 
recover up to 50 percent of the bitumen in a reservoir. 
While the concept has been demonstrated at Cold Lake, 
broader use of the technique awaits more definitive field test-
ing. 

05W Cold Water Extraction 

ERCL developed the new OSLO extraction process for 
separating bitumen from oil sand. OSLO is a joint venture 
in which ERCL is operator. 

Instead of dry mining the sand, OSLO may remove the thin 
overburden in the conventional manner and mine the oil 
sand using dredge-mining technology. The dredged oil 
sand/water slurry is pumped through a pipeline to mixing 
vessels. The agitation of the sand during dredging and 
pipelining liberates bitumen from sand. Air and small 
amounts of chemicals added to the oil sand slurry cause the 
bitumen to attach itself to the air bubbles and float to the sur-
face while the sand sinks. By the time the slurry reaches the 
vessels, most of the oil has been liberated from the sand. 
The oil is then skimmed off the top. 

ERCL began lab tests of the process in 1987 on the scale of 
approximately 1 pound per test. In the summers of 1989 and 
1990, an ERCL team successfully operated a 25 ton per hour 
pilot plant. Design engineering has begun for a $50 million 
demonstration project to mine oil sands at 800 tons per hour. 

AOSTRA OUTLINES TRENDS IN CANADIAN TAR 
SANDS RESEARCH 

Concerns about the economies of recovery technology for 
new tar sands capacity expansion as well as environmental 
concerns have directed research and development towards 
new technology which is both more cost effective and en-
vironmentally friendly. An overview of the current trends in 
Canadian tar sands mining and in situ operations was 
presented in a paper by DA. Redford, of the Alberta Oil 
Sands Technology and Research Authority (AOSTRA), at 
the Petroleum Society of CIM and AOSTRA 1991 Technical 
Conference held in Banff, Alberta, Canada in April. 

According to Redford, in 1975 when AOSTRA was founded, 
very little oil was being produced from Alberta's huge oil 
sands deposits. Today, over one-third of Alberta's oil is 
produced from oil sands, and technological advances con-
tinue to increase recovery rates and bitumen conversion 
rates.

Mineable Oil Sands 

According to Redford, about 10 percent of the Athabasca 
deposit can be recovered by surface mining using the current 
criterion of 1 meter of overburden removal for each meter of 
pay thickness. 

The current practice is to remove the overburden, mine the 
oil sands using walking draglines or bucket wheel excavators, 
move the ore to processing by belt conveyors, process the 
ore using the Clark hot water process and dispose of the tail-
ings in giant disposal ponds. 

The cost of producing oil by this process is about 50 percent 
in the mining, including the cost of selectively mining the 
overburden to produce dike building material to retain the 
tailings, 10 percent in the extraction and 40 percent in 
upgrading the raw bitumen to synthetic crude. The paper 
says that dramatic cost savings will only be achieved by ad-
dressing the main cost center, which is mining. 

For each ton of synthetic oil produced, 14 tons of oil sand 
are moved and processed. At current production of 
33,000 tons per day of synthetic crude, each day 460,000 tons 
of ore is handled plus an equal amount of overburden. 

The cheapest way to mine and move large amounts of solids 
is by dredging and hydraulic transport, but this method has 
been rejected for oil sands because it would produce a vari-
able ore which would not separate well in the hot water 
process. Current thinking, however, is to concentrate on 
dredging and hydraulic transport and move out of the limita-
tions imposed by the hot water process. This has lead to the 
cold water process. 

The cold water process takes the ore directly from a dredg-
ing and hydraulic transport operation and floats the bitumen 
off without heat. The froth produced, while richer in fines 
and water than that from the hot water process, can be 
handled in similar equipment. The water readily separates 
from the tailings thus eliminating the need for large tailings 
ponds and allowing a large portion of the water to be 
recycled. The cold water process has the potential of a 
40 percent reduction in the cost of producing synthetic crude 
from the surface mineable portion of the Athabasca deposit. 

Hydraulic Mining Through Small Diameter Boreholes 

The product from mining oil sands through small diameter 
boreholes would be ideally suited as feed for the cold water 
process. 

In such a process, a borehole about 40 centimeters in 
diameter is drilled down through the pay and the well cased 
to the top of the pay. A hydraulic mining tool, a controllable 
water jet, hydraulically mines the ore while the slurry pump 
moves the resulting water and ore slurry to the surface. This 
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type of mining extends the depth to which ore can be 
recovered much deeper than the 50 meters obtainable by sur-
face mining. It is believed that depths of several hundred 
meters are very practical and depths as much as 800 meters 
are possible. This would enable mining of oil sands ore from 
major portions of the Athabasca deposit, as well as from 
other deposits around the world such as the Marl Or 
"Marga" deposits of Cuba which form thick rich pays about 
200 meters from the surface. 

Retorting 

One approach to recovery that has been suggested is to com-
bine extraction and upgrading in a single process, such as in 
the AOSTRA Taciuk Process (ATP). Here the ore is in-
directly preheated to drive off the water, then mixed with 
very hot sand to crack the bitumen and recover the distill-
able products. The resulting sand coated with coke is com-
busted to burn off the coke and provide heat for the process. 

This process has the advantage of consisting of a single unit, 
which provides excellent heat recovery and recycle, has a 
very simple feed mechanism and handles fines very well. 
The ATP technology provides a dry tailing which is environ-
mentally benign and eliminates the tailings ponds and thus 
reduces mining costs. 

The products of the ATP are similar to that coming from a 
fluid coker and can be further hydrotreated in conventional 
catalytic hydrotreaters. Nevertheless, the ATP limits upgrad-
ing to carbon rejection rather than hydrogen addition tech-
nology, and thus limits resource utilization and conservation. 

Upgrading 

Redford says that in order to provide a readily pipelineable 
product which will give a high yield of transportation fuels, 
the hydrogen-carbon ratio must be increased. 

The second generation of upgrading now being introduced is 
based on hydrogen addition as part of the primary conver-
sion. Hydrogen is added during the cracking process result-
ing in much higher liquid yields. A number of processes 
have evolved, both catalytic such as LC-Fining, H-Oil and 
ARDS (Atmospheric Residue Desulfurization) and non-
catalytic such as CANNEr and Veba Combi-Cracking. 

The third generation of upgrading processes will see conver-
sions approaching 100 percent, he says. This will be achieved 
by better catalyst design and utilization and by control of the 
formation of coke and coke precursors. 

Another trend in upgrading research is to custom-make a syn-
thetic crude which would give a higher yield of desirable 
transportation fuels. For example, due to the high aromatic 
content of synthetic crude, the cetane number of diesel from 
this crude is too low and the crude does not make a good jet 
fuel. If the primary conversion or subsequent hydrotreating

yielded lower aromatics, the resulting synthetic crude would 
have higher market value. 

Underground Access 

An alternative to bringing the ore to the surface or accessing 
it from surface drilled boreholes is to sink shafts to just 
below or above the resource, send out tunnels or drifts and 
then access the ore by drillholes which travel only a few 
meters before they contact the resource. 

This has been successfully done at Yarega in the Soviet 
Union and AOSTRA's UTF (underground test facility) in 
Athabasca. At Yarega, tunnels are both above and below 
the resource and recovery is by injecting steam into 
numerous short, small diameter wells drilled from above 
with recovery from numerous drain holes drilled from below, 
essentially a steam assisted gravity drainage process. 

At the 17FF site, two technologies have been used: the Chev-
ron HASDrive (heated annulus steam drive) and steam as-
sisted gravity drainage (SAGD) using horizontal well pairs. 
In the H.ASflrive process, a hot horizontal well is heated by 
steam. Principle recovery is by steam drive between vertical 
injectors and the producers placed at either end of the HAS 
pipe. 

In the SAGD approach, parallel horizontal wells, one above 
the other, are drilled about 3 to 5 meters apart near the base 
of the pay zone. After the interval between the wells is 
heated by operating both wells in a hot finger mode, steam is 
injected only into the upper well and fluids are collected 
from the lower well. The SAGD process gives very high 
recoveries at low steam/oil ratios and with good production 
rates. This process is estimated to give some of the lowest 
cost bitumen recovery currently achievable, says Redford. 

In Situ Recovery from Surface Wells 

Currently Alberta produces bitumen in situ from surface 
wells using two basic technologies. 

In the steam stimulation above fracture pressure process, 
which was developed for the Cold Lake deposit, steam at 
high rates is injected above the fracture into the oil sands 
through wells equipped with cased through and perforated 
completions. The steam entering the vertical fractures heats 
the oil along the side and in turn is cooled and condensed. 
After about 1 month of steam injection a dumbbell shaped 
distribution of water saturations is formed with the heat con-
centrated within this area in a vertical fracture zone near the 
well. When the well is put on production, the water is far-
ther from the well pushing the intervening heated bitumen to 
the well. Typical production periods are 3 or 4 months with 
8 to 10 production cycles occurring before the area is 
depleted. In the thicker pays of Cold Lake, steam/oil ratios 
of 2 to 3 are achieved at calendar day oil rates of about 
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10 tons per well per day and overall recoveries of about 
17 percent. 

In those areas where injectivity below fracture pressure exists 
in the lower part of the pay, an interwell pressure cyclic 
steam drive process has been developed. In this process, hot 
water followed by steam is injected. The production well is 
then choked back and pressure allowed to build up in the 
basal zone producing a hot, high-pressure hot-plate across 
the base of the deposit. The process is repeated three or 
four limes with the hot zone progressively moving up the 
deposit and depleting the overlying bitumen. In some sec-
lions of the Peace River deposit, recoveries of 50 percent or 
more are achieved. 

Research Trends 

For in situ recovery there are three main cost factors: the 
cost of energy, the producibility of wells and the cost of ac-
cess to the bitumen. 

In the area of energy costs, the trend is toward lower tem-
perature processes. Some have suggested that the traditional 
concept of what is flowing in the reservoir may be incorrect. 
If this is so, says Redford, perhaps new processes can take 
advantage of increased low temperature mobility. Extensive 
work on immiscible use of CO2 has shown that mobilities of 
bitumen even at modest pressures can be greatly enhanced 
by saturating with CO2. 

Combustion has long been the cheapest way of heating a 
reservoir. However, the difficulty in using combustion has 
been in distributing the heat and drive energy to achieve con-
formance and in obtaining control of the process. New ap-
proaches are needed to address the conformance problem to 
enable the process to work well in thicker pays. 

According to the paper, the second most important cost fac-
tor is well producibility. Horizontal wells have greatly im-
proved the producibility of wells, but the cost of placing 
horizontal wells is a major concern. The greatest resistance 
to flow is near the well, and the advent of downhole slurry 
pumps has facilitated the production of sand-oil-water 
slurries. Therefore, a lower temperature recovery process 
coupled with this production scheme would permit the forma-
tion around the production well to be produced along with 
the production fluids. 

While it would be ideal to have communication across the 
bottom of an oil sands deposit, in many parts of Athabasca 
the communication is at the top. In addition, many heavy oil 
deposits are underlain with thick sections of mobile water. 
These conditions have lead to interest in top down processes. 

One example, he says, was the Tangleflags project in Sas-
katchewan. In this project a horizontal production well was 
placed near the oil water contact in a heavy oil reservoir with 
a thick section of bottom water. Steam was then injected

into the top of the pay through vertical wells. The produc-
tion well was then produced with a back pressure equal to 
the pressure of the bottom water drive and a gravity stabi-
lized vertical steam drive occurs from the top to the bottom 
of the reservoir. Following steam breakthrough to the 
horizontal well, large amounts of additional oil are produced 
by a SAGI) process. 

Other top down processes suggest that the steam might be 
replaced with gases that reduce the viscosity of the oil or 
with low vapor pressure solvents. The concept is that the gas 
above would provide drive energy while the low viscosity 
flow of bitumen and water at modest temperatures would 
occur below. 

The third major cost factor in in situ recovery is access to the 
formation. Redford says that several new approaches show 
promise of substantially reduced drilling and completion 
costs. Jet drilling of soft formations has been shown to be 
rapid and efficient, however, further development work is 
required. 

Another approach is to eliminate casings and sand exclusion 
and fill the horizontal drilled path with coarse, highly perme-
able sand. This concept eliminates the requirement that 
angles must be gentle enough to enable placement of casing. 
A right angle or ultra-short radius horizontal drill hole from 
a well can thus be considered using flexible drilling strings or 
small diameter drill pipes which can be bent around a sharp 
turn. 

Redford concludes that tremendous progress has been made 
in the past 15 years on development of technology for 
recovery of bitumen and extra heavy oil resources, but costs 
in general are high and profits marginal. The next genera-
tion of technology advancement will see new concepts 
employed which address the major cost centers. 

OF ALABAMA TAR SANDS 
OPTIMIZED 

Research at the University of Alabama has shown that com-
minution achieves only limited success in effecting a phase 
disengagement in tar sands. Further research showed that 
the presence of clean quartz surfaces is a critical factor in 
achieving phase disengagement during attrition scrubbing. 

The researchers, C.W. Schultz and G.D. Irvin of the Mineral 
Resources Institute at the University of Alabama, developed 
a process in which grinding is limited to disaggregation of 
the tar sand, followed by attrition scrubbing with clean sand 
from an external source. Under experimental conditions, 
concentrates containing almost 50 percent bitumen were 
recovered in subsequent flotation. 
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The tar sands utilized in the research are from the Hartselle 
sandstone Formation in northern Alabama. Samples were 
taken from Spring Creek in Colbert County and Black Wax 
Hill in Lawrence County. 

These samples are fine to medium grained, texturally mature 
quartz arenites. lntergranular porosity of the sandstones is 
typically about 18 percent with approximately two-thirds of 
the pore volume filled by bitumens. Bitumen content is 
about 8.5 percent by weight. 

Mean particle sizes of the Spring Creek and Black Wax Hill 
samples were, respectively, 300 and 150 microns. 

Beneficlation Research 

During initial beneficiation tests on the Alabama tar sands, 
samples of crushed tar sand were ground in a laboratory rod 
mill then floated in a Denver laboratory flotation cell. The 
results of a series of tests, in which the grinding time was 
varied from 5 to 60 minutes, are shown in Figure 1. Both the 
grade of concentrate and the recovery of bitumen show maxi-

mum values where the flotation feed size is about 50 percent 
fmer than 53 microns. This feed size represents a 30 minute 
grinding time. According to the authors, these data indicate 
that overgrinding may actually reverse the process of libera-
tion of bitumen from its associated mineral matter. 

At this point the researchers decided that simple comminu-
tion was ineffective and that shearing forces might be re-
quired to effect detachment of bitumen. Based on this as-
sumption, a series of tests were performed in which the 
ground samples were subjected to a 15 minute high attrition 
scrubbing prior to flotation. 

The results of that series of tests are shown in Figure 2. In 
this case the grade of concentrate continued to increase with 
longer grinding times, but the recovery of bitumen still 
showed a detrimental effect of overgrinding as in the previ-
ous series. An optimum combination of concentrate grade 
and bitumen recovery again corresponded to a 30 minute 
grinding time. Results at those optimum conditions, 
however, were substantially improved, showing the beneficial 
effect of high attrition scrubbing. 
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Further Process Development 

According to the paper, neither conventional grinding nor 
attrition scrubbing alone were effective in disengaging 
bitumen from the sand. The researchers concluded that a 
combination of grinding and attrition scrubbing were re-
quired to achieve satisfactory bitumen liberation. 

On further consideration, it was reasoned that grinding 
provides clean quartz surfaces which are needed for effective 
scrubbing. An example of a bitumen coated sand grain is 
shown in Figure 3A. if such a grain were crushed to some 
finer size, as illustrated by Figure 31, the results would be 
the liberation of a significant fraction of the quartz, and the 
creation of a large amount of clean quartz surface. 

Schultz and Irvin then reasoned that if clean quartz surfaces 
were necessary for effective attrition scrubbing, that need 
could be supplied by adding clean sand to the system. 

Test Procedures and Results 

Crushed samples were ground for a period of 5 minutes in a 
laboratory rod mill to disaggregate the tar sand without frac-
turing individual sand grains. 

The disaggregated tar sand was filtered and mixed with clean 
sand in a ratio of one part tar sand to three pans clean sand. 
The mixed sands were diluted with water to approximately 
75 percent solids. The sand-water slurry was scrubbed for a 
period of 30 minutes in a Denver laboratory conditioner 
operating at 2,700 rpm and cooled with ice water. 

The scrubbed slurry was transferred to a Denver laboratory 
flotation cell and diluted. After a short settling period the 
diluted pulp was deslimed then repulped to a volume ade-
quate for flotation, flotation was conducted without a 
frother or a collector. 

Table I presents the results of the application of this process 
to Spring Creek and Asphalt Ridge (Utah) tar sands. 

The researchers conclude that the use of coarse sand from 
an external source is highly effective in achieving disengage-
ment of bitumen from matrix sand grains. 

They say that this will create new opportunities for the use of 
high viscosity tar sands and may obviate the need for a sol-
vent extraction step in tar sand processing. For example, the 
bitumen concentrate could be readily emulsified for use in 
asphalt concretes or in pelletizing coal fines. Another pos-
sibility is to further process the emulsified bitumen by stream 
distillation or wet autoclave hydrogenation. 

The researchers recommend further process development in 
the following areas:

FIGURE 3 
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- Optimization of the scrubbing operations is 
needed. 

Screening of the scrubbed slurry prior to flotation 
(much of the mineral content of the concentrate 
consists of clean quartz grains which have been 
mechanically entrained in the froth). 

Treatment of the slime fraction (the assumption 
that desliming is required may be erroneous and 
should be tested). 
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TABLE 1

BENEFICIATION OF TWO TAR SANDS

Alabama Spring Creek Tar Sand 

Bitumen 
Product	 % Bitumen Distribution 

Concentrate	 46.2	 86.8 
Tailing 0	 0 
Slimes 1.9 
"Sink" 0	 13.2 

Feed 6.7	 100.0 

Utah Asphalt Ridge Tar Sand 

Bitumen 
Product	 % Bitumen Distribution 

Concentrate 53.4 37.1 
Tailing 3.2 6.2 
Slimes 223 50.6 
"Sink" 4.9 6.1 

Feed 163 100.0

Stagewise recovery of bitumen. It may prove more 
efficient to conduct the clean sand scrubbing in mul-
tiple stages with intermediate screening and flota-
tion. 

TAR SANDS RESEARCH PRESENTED AT ROCKY 
MOUNTAIN FUELS SOCIETY 

The 16th Symposium of the Rocky Mountain Fuels Society 
and the Western States Catalysis Club was held in Denver, 
Colorado, March 14-15. Three presentations concerned tar 
sands. 

Upgrading of Liquids Derived from Tar Sands 

A paper by D. Longstaff of the Department of Fuels En-
gineering at the University of Utah notes that significant 
upgrading of bitumen is necessary to reduce the molecular 
weight distribution and to remove sulfur, nitrogen and met-
Ms before it can be converted into liquid fuels. One poten-
tial upgrading scheme consists of catalytic 
hydrotreating/hydrocracking. However, there are serious 
problems associated with catalytic processing of bitumen. 
The primary problem is the presence of metals and asphal-
tenes which deposit on catalysts leading to rapid deactiva-
tion. Another problem is the low reactivity of the high

molecular weight sulfur and nitrogen containing compounds 
present in bitumen. 

Research into these areas was reviewed by Longstaff with a 
particular emphasis on upgrading of Uinta basin bitumens 
which contain smaller amounts of metals, asphaltenes and 
sulfur than other bitumens, but which contain high amounts 
of nitrogen. Research is being conducted at the University 
of Utah on bitumen and bitumen derived oils. 

Development or Utah Tar Sand for Production of Asphalt 

James W. Bunger and Associates, Inc., (JWBA) is develop-
ing technology for the extraction of Utah tar sand for 
manufacture of specification-grade asphalt. The technology 
is based on patented processes, applicable to oil-wet sands. 
The objectives of the JWBA project are: technology research 
and development, resource evaluation, market and transpor-
tation assessment, engineering and project optimization. A 
200 pound per hour process development unit has been 
designed and constructed. The unit has been operated to 
determine the effect of process variables on recovery ef-
ficiency, and to manufacture specification-grade asphalt. 
Market analysis indicates growth in asphalt consumption in 
the United States and a 5,000 barrel per day facility would 
not encounter regional market limitations. An integrated 
project optimization model has been developed consisting of 
resource evaluation, process cost estimation and marketing 
cost. Preliminary cost estimates show economic viability for 
asphalt and related high-value products manufactured under 
normal prices for crude. Development of United States tar 
sands for manufacture of asphalt would demonstrate the 
economic viability and would accelerate future larger-scale 
developments for synthetic crude oil as prices and demand 
warrant. 

Characterization of Whiterocks (Utah) Tar Sand Bitumen 

At the Department of Fuels Engineering, University of 
Utah, native Whiterocks (Utah) tar sand bitumen was 
separated into several boiling range fractions for detailed 
anaysis and characterization. The lighter fraction (400 to 
650 F) was evaluated for use as a transportation fuel and the 
residues (>650°F and >850°F) were evaluated for use as 
road asphalts. The 650°F plus residue from the Whiterocks 
bitumen can be classified as a viscosity grade AC-10 asphalt 
whereas the 850°F plus residue failed to meet asphalt 
specifications. Several physical properties were also 
measured to evaluate the potential of the 400 to 650°F frac-
tion as a high energy density aviation turbine fuel. The 
detailed structure of the molecular weight portions of 
Whiterocks bitumen (400 to 650°F and 650 to 8500F) was 
determined by combined gas chromatography and mass 
spectrometry (GC-MS). These lower molecular weight frac-
tions of the bitumen contained predominantly naphthenic 
hydrocarbons and lesser concentrations of aromatic hydrocar-
bons.	 The naphthenic hydrocarbons included alkyl-



cyclohexanes, alkyldecalins, tricyclic terpanes, steranes, 
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13 NMR and Py-MS analyses suggested that the native 
bitumen consists mostly of short and long (i.e., normal and 
isoprenoid chains) alkylsubstituents attached to polycyclic 
naphthenic, naphtheno-aromatic hydrocarbons. 

##1# 

tetracyclic lerpanes, and pentacyclic tcrpanes. The aromatic 
constituents were determined to be a[kylbenzenes, ben-
zomonocycloparaffins, phenyl(cyclohexyl) alkanes, alkylnaph-
thalenes, and naphthalene monocycloparaffins. These com-
pounds were similar in nature to those found in the bitumen 
from Green River shale. The results obtained from PMR,
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INTERNATIONAL 

DURI STEAM FLOOD MAY REACH 300,000 BARRELS 
PER DAY 

The Duri steamilood, the largest in the world, could produce 
as much as 300.000 barrels of oil per day by 1993. The 
project, which was dedicated in March 1990, is located on 
15,000 acres in central Sumatra, Indonesia. 

According to the company publication Chevron World, 
geologists from Chevron (then called Standard Oil Company 
of California) first came to Indonesia in 1924 to explore the 
islands of Sumatra and Kalimantan. What the team found in 
the equatorial jungles were crocodiles, flesh-boring leeches, 
and poisonous snakes. Oil proved harder to find. 

The challenges tantalized more than daunted the early ex-
plorers. In 1930, Chevron incorporated a Dutch company, 
which evolved into Caltex Pacific Indonesia (CPI) to carry 
on negotiations with the Dutch government, then ruling In-
donesia. Not until 1936 did the company receive its first ex-
ploration rights--to a tract that nobody wanted at that time. 

Five years later, CPI discovered the giant Duri Field. World 
War II and Indonesia's struggle for independence inter-
vened, but production finally started in 1958. 

Today. Duri accounts for approximately 9 percent of 
Indonesia's total crude oil production, and the field still has 
some 4.5 billion barrels of oil in place. Although its head-
quarters are in Jakarta, nearly half of CPA's employees live in 
Dun, the site of the steamflood project. 

Primary recovery, relying on traditional pumping and natural 
pressure to get the oil out, could only tap about 7 percent of 
the heavy crude.

Over the years, CPI experimented with various enhanced oil 
recovery methods, such as cyclic steaming and water-floods. 
By 1979, the company clearly had demonstrated that con-
tinuous steam injection, or steamflooding, worked best at 
Duri and could increase the recovery rate to 63 percent. 

Chevron shared with CPI the technology it developed in the 
Kern River Field in California's San Joaquin Valley. Kern 
River is the site of what was the world's largest steamflood 
project until Duri surpassed it last spring. 

Duri production had been dropping since its peak of 
60,000 barrels a day in the early 1970s. When steamflooding 
started in 1985, output took a radical upswing. Dun 
produced 80,000 barrels of oil a day in 1986 and 160,000 a 
day in 1990. Peak production could reach more than 
300,000 barrels a day by 1993, although it has been reported 
recently that the more likely peak value will be 
250,000 barrels per day. 

The project covers an area larger than Manhattan Island and 
will cost about $1.8 billion. It will require drilling nearly 
5,000 wells and installing 300 steam generators as production 
continues through 2025. 

Where CPI already has begun steamflooding, a distinctive 
Duri pattern is taking shape—a seven-spot configuration con-
sisting of six producing wells surrounding a central steam in-
jection well. The hexagonal shapes interlock in a giant 
honeycomb pattern.
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WATER 

WOLF LAKE RECYCLES WATER WITH WARM LIME 
PROCESS 

Reuse of produced water for high pressure steam generation 
at heavy oil plants is a "stay in business" necessity, according 
to a paper by W. Zalewski, R. Averill and G. Arychuk of BP 
Resources Canada Limited, which was presented at the 8th 
Annual Heavy Oil and Oil Sands Technical Symposium held 
in Calgary, Alberta in March. 

BP Resources, the operator of the Wolf Lake in situ heavy 
oil recovery plant, in March 1990 commissioned a new 
produced water recycling system based on a warm lime 
process. The first year of operating experience indicates that 
the warm lime softener is effective in removing silica and 
hardness from Wolf Lake produced water. In addition, 
operating data indicate that the recycling of produced water, 
as an alternative to deep well disposal, is cost effective. 

Produced Water Characteristics 

Wolf Lake produced water composition is summarized in 
Table 1. The water is moderate in total dissolved solids 
('FDS), hardness and alkalinity, but is high in silica and total 
organic carbon (TOC). 

Nearly all the alkalinity consists of bicarbonates and it is only 
about two times higher than hardness. Thus, the water is 

TABLE 1

WOLF LAKE PRODUCED WATER ANALYSIS 

Comoonent 11IIII &gz YLLC SID 

Hardness mg/I as CaCO3 136 272 
Calcium mg/I as Ca 42.2 10.6 
Magnesium mg/I as Mg 7.4 4.0 
Total Alkalinity mg/I asCaCO3 3713 39.9 
Bicarbonate mg/I asCaCO3 355.7 41.0 
pH units 7.7 0.4 
Iron mg/I as Fe 0.2 0.27 
Chlorides mg/I as Cl 2763 236 
Sullites mg/I as SO  .87 21 
Sodium mg/I as Na 1900 177 
TDS mg/I 5732 429 
Silica mg/I as 5i02 275 47 
TOC mg/lasC 141 - 
Carbon Dioxide mg CO2/1 20 - 
O&G t mg/I 1.6 1.4

After oil removal ikers

quite suitable for lime treatment without the need to supple-
ment the process with soda ash. 

The water is low in iron and practically free of oxygen. It has 
reducing properties and does not need the addition of 
oxygen scavengers to maintain it oxygen free through the 
treatment steps. This also implies that the water is not cor-
rosive. 

As with most oil field produced waters, Wolf Lake produced 
water has a high concentration of organics. Organics, 
measured as TOC, can be as high as 200 milligrams per liter. 
Organics are often viewed as an innocuous species in the 
boiler feedwater. However, the authors say that under cer-
tain conditions the organics are a strong scale-forming fac-
tor. In addition, they often interfere with the chemical 
precipitation processes and, at limes, foul the ion exchange 
resins. 

Feedwater Quality Requirements 

There are no clear feedwater standards for once-through 
steam generators. The main manufacturers give general 
guidelines rather than clearcut standards. This, say the 
authors, is understandable because of the many variations of 
operating conditions, such as steam quality, design of the 
boiler (heat flux rates and water flow regime), intrinsic 
properties of the water, and the cost of treatment versus the 
cost of descaling the boiler. All of these factors influence 
the required level of water treatment and, in equal degree, 
the feedwater standards. 

At Wolf Lake, during the first 6 months of produced water 
recycling, the silica standard was set at 150 milligrams per 
liter, and silica transport was closely monitored. After 
6 months of operation, a piece of radiant section tube cut 
from one of the steam generators was scaled up to an extent 
which warranted an acid wash of the boilers. The scale was 
predominantly silica based. 

Feedwater standards were revised accordingly. The present 
boiler feedwater (BF'W) standards for Wolf Lake are shown 
in Table 2. 

The produced water recycling system at Wolf Lake can be 
divided into two integral parts: de-oiling and softening. 

De-oiling 

Oil removal from produced water is achieved in three stages. 
First, produced water flows to two skim tanks working in 
series. The combined working volume of the skim tanks 
provides a 10 hour retention time at maximum design rates 
of produced water. Reverse emulsion breaker can be in-
jected to the inlet water of both skim tanks but usually is 
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TABLE 2

WOLF LAKE STANDARDS FOR FEEDWATER 

Paranicte unit Max.Concentration 

Hardness mg CaCO3/1 0.5 
Iron mg Fe/I 0.1 
Silica mg Si02f1 75 
TDS mg/I 15000 
Oxygen mg 02/I 0.01 
Alkalinity (M) mg CaCO3/1 375 (Mm.) 
pH units 8-10

added only to the first tank. About 99 percent of dispersed 
(free) oil is removed from produced water at this stage. 

In the second stage, the skim tank effluent is fed by gravity 
into two induced gas flotation (IGF) units working under a 
natural gas blanket. 

The IGFs are standard four cell units except that the 
separated oil is not skimmed by mechanical devices to the 
recovery channels, but flows there by gravity. 

A water-clarifying chemical is fed continuously into the IGF 
inlet water. Under normal operating conditions, over 
80 percent of the remaining free oil is removed in the flota-
tion process and the IGF effluent contains, on average, less 
than 5 milligrams per liter of oil. 

In the final step of the de-oiling train, the filtration process, 
the IGF effluent is pumped to the oil removal filters (ORF5) 
where suspended oil is reduced to trace concentrations. The 
OREs are pressure vessels filled with graded silica sand. 

The ORFs are backwashed without the fluidization of the fil-
ter bed. Before the final backwash with water, the filter bed 
is scoured with low-pressure natural gas to agitate the sand 
grains and dislodge oil particles. According to the paper, 
this backwash system is very efficient and its operating cost is 
lower than the conventional expanded bed because of much 
lower volumes of water consumption. On average, the ORF 
effluent contains less than 2 ppm of suspended oil. 

Softening 

The first step at this stage of the treatment is warm lime sof-
tening. The warm lime softener (WLS) is a 25-meter 
diameter solids contact/sludge blanket reactor-clarifier with 
internal and external sludge recirculation provisions. The 
WLS is designed for 90°C (maximum) and atmospheric pres-
sure. Its primary role is to remove the bulk of temporary 
hardness and to reduce silica to the desirable levels. In addi-

tion, the WLS removes traces of oil and heavy metals and it 
somewhat reduces TOS and TOC. 

The WI..S effluent contains precipitated calcium and mag-
nesium particles; these are removed on the warm lime sof-
tener filters (LSFs). The LSFs are pressure vessels contain-
ing a single medium (anthracite) filtration bed. 

The filters are backwashed with the filter effluent. The 
quality of the effluent is monitored continuously. If the tur-
bidity exceeds the set standard, a litter aid chemical is fed 
immediately upstream of the litters and some lime sludge is 
transferred out of the WLS to lower the rate of solids carry 
over. When the solids carry over/turbidity leakage equi-
librium is re-established, the feed of the filter aid is stopped. 

The final step of the softening process is the removal of the 
remaining hardness on ion exchange resins. The resins used 
at Wolf Lake are macroporous, high exchange capacity and 
low compressibility, weakly acidic cation (WAC) exchange 
resins of the acrylic acid type. 

Performance of Warm Lime Softener 

The heart of the Wolf Lake produced water recycling system 
is the warm lime softener. According to the authors, the 
lower thermo-chemical efficiency of the warm lime process is 
compensated by more efficient mixing of the chemicals and 
water, a better solids contact, and longer retention time in 
the reaction and settling zones, as compared to a hot lime 
process. In addition, the capital expenditure required to 
build these softeners slightly favors a warm lime option. 
Warm lime softeners are atmospheric vessels whereas hot 
lime reactors must be built to withstand positive pressures. 

In operability considerations, the warm lime process has 
fewer constraints. If the hot lime effluent is not cooled down 
to below 800C it cannot be used for utility purposes such as a 
dilution water for regenerants or lime slurry make-up water. 
More importantly, they say, this hot effluent pre-empts in-
vessel regeneration of WAC resins. The warm lime process 
does not have these constraints. 

Finally, they say, the warm lime process is more energy effi-
cient. The lower operating temperatures of the softener com-
ponents mean proportionally lower heat losses due to radia-
tion. 

The performance of the WLS has been monitored closely 
since startup. Analyses of hardness, silica, alkalinity, tur-
bidity, and pH are carried out at least four times a day. In 
addition, lab personnel perform a wider range of analyses on 
a weekly basis. 

Under optimum conditions, the lime softening process 
operating at temperatures of 600 to 700C can reduce hard-
ness to as low a level as 10 milligrams per liter. On average, 
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only 22 milligrams per liter of hardness was present in the 
WLS effluent. 

Silica Removal 

In a typical lime treatment process, silica is removed by ad-
sorption on and co-precipitation with metal hydroxides. At 
Wolf Lake, magnesium oxide is fed intermittently to the reac-
tion zone of the softener at a 10 percent (by volume) slurry. 

According to the paper, a well established sludge bed is criti-
cal for efficient silica removal. At Wolf Lake, when the 
sludge bed is fully established, it occupies approximately 
one-fourth of the softener working volume and it may con-
tain as much as 50 tonnes (thy mass) of the solids. 

The importance of the sludge bed is twofold. First, it retains 
magnesium oxide for days in the softener, thereby increasing 
its rate of hydration. Second, it provides ample time for 
silica to react with the magnesium hydroxide. 

The difference in the softener efficiency with and without the 
sludge blanket is remarkable, says the paper. The latter 
takes twice as much MgO to remove a unit of silica. 

The operating data indicate that in the warm lime softener 
under optimum conditions it is possible to reduce silica to 
very low levels at an MgO (added): Si0 2 (removed) ratio 
approaching one. 

Economics of Produced Water Recycling 

Apart from environmental considerations and the require-
ments of the operating licenses, the authors say that recy-
cling produced water may bring substantial economic 
benefits. 

At Wolf Lake, the calculated treatment cost of produced 
water for recycling is $0.50 per cubic meter, while the treat-
ment cost of raw water for the steam generator is $0.22 per 
cubic meter. The operating cost for deep well disposal of 
produced water is $0.35 per cubic meter, but the heat value 
of produced water (at 850C compared to ground water at 
50C) equals $0.50 per cubic meter. 

Using these figures, the net cost benefit of produced water 
recycling at Wolf Lake is $0.57 per cubic meter. By recycling 
all of its produced water (5,000 to 6,000 cubic meters per 
day), the Wolf Lake plant can realize a savings of over 
$1 million per year in direct operating costs. 

The recycling facilities at Wolf Lake have run continuously 
since March 1990 without a single day of unscheduled 
outage, and recycling has been close to 100 percent.

PROCESS WATER RECYCLE DEMONSTRATED FOR 
UTAH TAR SANDS 

Research carried out at the University of Utah has shown 
that the recycle of process water containing 4 to 5 weight per-
cent suspended matter had no deleterious effect on the 
process separation efficiency in hot water-based processing 
of Whiterocks (Utah) tar sands. 

A paper prepared by the research team, J. Hupka, J. Drelich 
and J.D. Miller of the Department of Metallurgical Engineer-
ing and R.R. White, F.V. Hanson and A.G. Oblad of the 
Department of Fuels Engineering, was presented at the 1990 
Eastern Oil Shale Symposium in Lexington, Kentucky. 

According to the paper, bitumen recovery from Utah tar 
sands using diluent-assisted hot water technology has proved 
to be very effective. Due to the large quantity of water used 
in this process, any additional or unnecessary water treat-
ment operation weighs heavily on the cost of bitumen 
recovery. 

The objective of the research was to investigate the impact 
of water recycle on the hot water process for Whiterocks tar 
sand when a two stage separation of bitumen (by gravity at 
40 percent solids, and by flotation at 20 percent solids) was 
applied, and sodium tripolyphosphate was used as a dispers-
ing agent to promote bitumen separation from the sand. 
Whiterocks tar sand from the Uinta Basin in Utah was used 
in the experiments. 

The Experiments 

Tar sand surface samples from two locations at the 
Whiterocks deposit, one with 6.0 weight percent bitumen 
and one with 7.6 weight percent bitumen, were used for 
bitumen recovery in laboratory experiments. Feed material 
was prepared by mechanical crushing, screening and mixing. 
Prior to processing, the samples were sprayed with kerosene 
as a diluent; two hours penetration time was used to dilute 
the bitumen. 

Batch hot water (55 to 60°C) separation tests were per-
formed in a baffled stirred-tank reactor equipped with two 
turbine impellers (75 weight percent solids). After several 
minutes of digestion the slurry was discharged into a con-
tainer and diluted with warm water (40 weight percent 
solids), gently agitated and left 1 minute for gravitational 
separation of bitumen which was collected from the surface. 
Batch flotation in a flotation cell (20 weight percent solids) 
followed gravity separation. A flotation time of 10 minutes 
was used for each test. No flotation reagents were used. 

Bitumen Recovery 

Tar sand processing results are presented in Table 1 for the 
absence and presence of sodium tripolyphosphate for both 
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TABLE 1 

TAR SANDS PROCESSING DATA
WITH AND WITHOUT SODIUM TRIPOLYPHOSPHATE

our Sedimentation 
Bitumen in Gravity Bitumen in Flotation Bitumen in Solids in 

Concentrate Concentrate Tailin2s Super- Water for 
Grade Recov. Grade Recov. Grade Recov. natant Recovery 

Lo 72 72 72 

Fresh Water 
Whiterocks (6 wt%) 

with phosphate 57 36 31 57 0.6 7 170 88 
without phosphate 55 14 32 77 03 9 220 89 

Whit crocks (7.6 wt%) 
with phosphate 60 22 35 70 0.8 8 440 93 
without phosphate 62 11 40 81 0.9 8 950 93 

Recycled Process Water 
(after 6 recycles; 80% 
water recycled) 

Whit crocks (6 wt%) 
with phosphate 58 41 36 52 0.5 7 1140 50 
without phosphate 51 14 34 78 0.6 8 1880 53 

Whiterocks (7.6 wt%) 
with phosphate 62 29 39 64 0.7 7 640 42 
Without phosphate 55 10 37 82 0.9 8 2130 55

fresh water and recycled water experiments. In all runs with 
tripolyphosphate, better gravitational release of bitumen was 
achieved. Results show a higher quality product obtained in 
the recycled water experiments, despite the presence of 4 to 
5 weight percent of suspended matter in the recycled water 
stream. According to the paper, tripolyphosphate not only 
facilitated bitumen disengagement from sand, but also 
prevented redeposition of fine sand from the recycled water 
on bitumen droplets. 

With respect to flotation, a lower grade concentrate was ob-
tained in the fresh water experiments when tripolyphosphate 
was used. However, the reverse was observed for the 
recycled water runs. The bitumen concentrate recovered by 
flotation in the presence of tripolyphosphate was of a higher 
grade than that obtained without phosphate, despite the fact 
that most freely suspended bitumen droplets were separated 
in the gravity cell. 

Water Recycle and Sedimentation of Tailings 

The sand tailings from the first experiment was found to con-
sist of three zones (after 1 hour sedimentation): 

- A compacted zone at the bottom, containing 
20 weight percent water

A flocculated sediment zone, containing 90 to 
95 weight percent water above the compacted zone 

A turbid supernatant zone, containing less than 
0.2 weight percent fine particles 

With an increase in the number of recycles, a significant ac-
cumulation of slowly flocculating fines resulted in an in-
crease in the turbidity of the supernatant. The volume of 
highly hydrated sludge increased almost three times after the 
sixth recycle in comparison to the first experiment in which 
fresh water was used. Accordingly, the height of the super-
natant layer decreased, as indicated in Table 1. 

Results also indicate that the use of sodium tripolyphosphate 
does not impede sedimentation of fines, yielding almost the 
same volume of clarified supernatant as the experiments in 
which phosphate was not used. The content of suspended 
matter in the supernatant was clearly lower in the case when 
phosphate was used, both for fresh water and recycled water 
experiments. 

Thickening of Sediment 

The natural thickening of fines after several recycles of 
process water was increasingly slower, therefore less clarified 
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FIGURE 1 

WATER DISTRIBUTION AND RECYCLE 
IN THE HOT WATER PROCESS 

Heating Stnzu 
(neglected in the mass fl DIGEMON 

SCREENING	 cc-i 

loss with onncreen/ :.::: 39% 
(neglected In the mass 	 --- 
balance)	 VTfl	 ___:_::::E:E::E::E::::____ 

61% 

Bitumen eoncentnte H:-:-
(br recycle

FLOTATION 

ix,)  
Bitumen concentrate  
(for recycle - b)

4% J :cg:_:_ 
Los, with spent coarse 	 Make-
sand	 sa Its

I1F(I'Ii 
(w Telling, Pond) b U	 - 

Loss with sludge and 
due to •mporaUon	

Scale 

SOURCE: HUPKA at .1.

supernatant was available for the next experiment according 
to the researchers. Longer residence time in the thickener 
and application of polyelectrolytes may result in improved 
settling, but both approaches impact the bitumen recovery 
cost. From the steady state water distribution diagram, 
presented in Figure 1, it is evident that much more water can 
be lost with the spent line sand than with the spent coarse 
sand. 

The idea, say the authors, is to recycle the process water al-
most as received after flotation. This approach requires only 
several minutes sedimentation for fast settling sand, and peri-
odical removal of sediment from the recycled water tank. 

Conclusion 

Digestion of tar sand (preheated with a diluent) in a solu-
tion of sodium carbonate with the addition of sodium 
tripolyphosphate resulted in improved bitumen disengage-
ment and separation from the sand. The recycle of process 
water containing 4 to S weight percent suspended matter had 
no deleterious effect on the process separation efficiency. 
The authors say this indicates that the sedimentation time of 
the tailings in the thickener can be significantly reduced. 
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RESOURCE 

WASHAIUE WILDERNESS PROPOSALS INVOLVE 
POTENTIAL WYOMING TAR SAND AREAS 

The Worland, Wyoming District of the Bureau of Land 
Management (BLM) has proposed wilderness designation 
for two areas in the Washakie Resource Area which contain 
tar sand deposits. The Washakie Wilderness Environmental 
Impact Statement (EIS) propbses that most of the Alkali 
Creek Wilderness Study Area (WSA) and all of the Trapper 
Creek WSA be designated as wilderness areas. 

Alkali Creek WSA 

BLM proposes to designate 8,187 acres of the 10,100 acres 
contained in the Alkali Creek WSA as wilderness. None of 
the 8,187 acres would be available for mineral lease, location 
or sale. 

The EIS identifies five potentially recoverable tar sand 
deposits within the WSA. Figure 1 (next page) shows their 
locations. The EIS says development at these five areas 
would be contingent on the successful development of the 
largest regional deposit, which is located adjacent to the 
Trapper Creek WSA. 

Under the Wilderness Enhancement Alternative, which is 
not the proposed alternative, a total of 10,780 acres would 
have wilderness designation. However, this alternative 
would allow existing uses and rights in the form of mineral 
leases and mining claims to remain in effect within the desig-
nated area. 

According to the EIS there is moderate potential for tar 
sands in the WSA, but the lease stipulations would probably

preclude any tar sand development. In the long term, it says 
that development could occur on new leases at ap-
proximately 10 acres per year for a minimum of 10 years. If 
these tar sand deposits are similar to the Trapper Canyon 
deposit, located approximately 6 miles to the northeast, oil in 
place would amount to approximately 15,000 to 
20,000 barrels per acre. If lease stipulations preclude explora-
tion and development of these tar sand deposits, the impact 
of the proposed designation could be a loss of up to 2 million 
bagels of oil. 

Trapper Creek WSA 

BLM proposes to designate all 7,200 acres in the Trapper 
Creek WSA as wilderness. The entire WSA would be 
withdrawn from all forms of mineral entry. There are cur-
rently no mineral leases or mining claims in the area and 
there will be no exploration or development. 

According to the EIS, the United States Bureau of Mines 
and the United States Geological Survey have determined 
the Trapper Creek WSA to have low potential For the occur-
rence of tar sand deposits. No deposits have been located to 
date, however, the geology of the WSA is similar to that 
south of the area where a partially developed tar sand 
deposit is located (see Figure 2). Based on geology, the EIS 
says it is possible that at least one other deposit could be dis-
covered. 

The 67-acre deposit located just south of the WSA has been 
partially developed. This deposit is estimated to contain al-
most 2 million barrels of oil. 
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FIGURE 1

ALKALI CREEK WSA 

R9OW I 

SPepr 6 /Sheep 
Sp 

1 
Canyon  

I	
I

I° 'ft!. r 
1109

P	 I -, 

i I	 1 H 

A4 

J Potential Tar Sand Area 

- — -. Wilderness Study Area Boundary 

Dry Hole 

mmm Excluded Area 

SOURCE: BIM

SYNTHETIC FUELS REPORT, JUNE 1991 
3-37



FIGURE 2
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RECENT OIL SANDS PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following articles were published in The Journal of Canadian Petroleum TechnoloRv, January-February 1991: 

Tsang, P.W., "Perspective of a Fireflood Process Using Low Air Injection Rates." 

Vittoratos, E., Flow Regimes During Cyclic Steam Stimulation at Cold Lake." 

Tortike, W.S., et al., "Prediction of Oil Sand Failure Due to Steam-Induced Stresses." 

Butler, R.M., et al., "A New Process (VAPEX) for Recovering Heavy Oils Using Hot Water and Hydrocarbon Vapour." 

The following articles were published in the AOSTRA Journal of Research, Volume 6, Number 3: 

Sibbald, L., et al., "In-Situ Combustion Experimental Studies Using a Combustion Tube System with Stressed Core 
Capability.' 

Gray, M.R., "Composition and Hydrotreating of Bitumen and Heavy Oil-Derived Distillates." 

Dai, N., et al., "Surface Seismic Simulations in Steam Injection LOR Problems with Finite Differences." 

The following papers were presented at The Petroleum Society of CIM and AOSTRA 1991 Technical Conference, held April 21-24, 
1991 in Banff, Alberta, Canada: 

Chalaturnyk, R., et al., "Geomechanical Modelling of Phase A at the AOSTRA Underground Test Facility." 

Verkoay,B., "Factors Affecting Coking in Heavy Oil Cores, Oils and SARA Fractions Under Thermal Stress." 

Chakma, A., et al., "Ultrasonic Visbreaking of Athabasca Bitumen." 

Kokal, S., et al., "The Application of Continuous Thermodynamics to Heavy Oil Recovery Processes." 

Tortike, W.S., "A Numerical Study of Pressure Cycling Athabasca Oil Sand with Steam and Carbon Dioxide." 

Cloutis, B., "Determination of the Physical and Chemical Properties of Tar Sands Using Reflectance Spectroscopy." 

McGee, B.C.W., "Electromagnetic Stimulation of a Horizontal Well in a Heavy Oil Reservoir." 

Yildirim, E., 'Technology Requirements for Oil Sands by the Year 2010." 

Dowhaniuk, W., "ESP Performance in Sand Laden fluids in the BelIshill Lake Field." 

Davison, Ri., "Electrical Heating of Lloydminster Heavy Oil Reservoirs: Field Test Results." 

Liebe, HR., et al., "A Study of the Use of Vertical Steam Injectors in the Steam-Assisted Gravity Drainage Process." 

Poon, D., et al., "Non-Newtonian Effects on the Primary Production of Heavy Oil Reservoirs." 

Bansal, A., et al., "Scaled Model Studies of Heavy Oil Recovery from Alaskan Reservoirs Using Inert Gas Injection and 
'Vapex'." 

Wadadar, S.S., et al., "Numerical Simulation of Electromagnetic Heating of Alaskan Tar Sands using Horizontal Wells." 

Zaidi, A., et al., "A Data Base on the Characteristics of Produced Waters from In Situ Heavy Oil Recovery in Western 
Canada."
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Edmunds, N., et al., "Design and Operating Requirements for Effective Application of Steam Assisted Gravity Drainage for 
Bitumen to Long Horizontal Well Pairs." 

Greaves, M., et al., "Horizontal Producer Wells in In Situ Combustion (ISC) Processes." 

Mohammadi, 5.5., et al., "Test of Steam-Foam Process for Mobility Control in South Casper Creek Reservoir, Wyoming." 

Lentz, W., et al., "Well Test Improvements at Shell Canada's Peace River Thermal Project? 

Rottenfusser, B., et al., "Applicability of LJTF Technology to the Athabasca Oil Sands Deposit." 

Leshchyshyn, T., et al., "Post Core Analysis to Determine the Steam Flow Path in the McMurray Oil Sands." 

Toth, M., et al., "Chemically Assisted Ignition Technologies for Low Temperature Ignition and for Applications in 
Heterogeneous Reservoirs." 

Collins, P., "Design of the Monitoring Program for AOSTRA's Underground Test Facility Phase B Pilot." 

Anon., 'The OSLO Commercial Extraction Process - An Evolutionary Extension of Current Practice." 

Peterson, D., et al., "New Technologies for Monitoring Highwall Movement at Syncrude Canada Ltd." 

Paul, R., et al., "Dredge Mining - OCWE Process: A Promising New Technology for Oil Sands." 

Lynn, JR., '"The Development of Today's Mineable Oil Sands Projects, The Key Factors Influencing Economics." 

Newell, E., "Role of Technology in Oil Sands Development." 

Redford, D.A., "Current Trends in Canadian Tar Sands Research and Development." 

Kanik, M.F., et al., "Future Strategies - Alberta Oil Sands and Heavy Oil." 

Burns, R., et al., "Pond Dynamics and Sludge Handling Logistics." 

Sparks, B.D., et al., "A Study of Factors Affecting the Stability of Tailings Sludge Produced by the Hot Water Bitumen Extrac-
tion Process." 

Zou, J., et al., "Compaction Behaviour of Model Ternary Clay-Fe-Water Systems." 

Schutte, R., et al., "Structure of Sludge." 

Mikula, RJ., "Microscopic Observation of Structure in Oil Sands Sludge: Fact or Fiction." 

Ivory, J., et al., "A Comprehensive Analysis of the Mechanism by Which Air Improves Bitumen Recovery in Steam Injection 
Processes" 

O'Rourke, iC., et al., "AOSTRA's Underground Test Facility (UTF) - Moving into a Pre Commercial Phase." 

Towson, D., et al., "The PCEJ Steam Stimulation Project." 

Romney, 0., 'The Texaco Frog Lake Electro-Magnetic Heating Project." 

Moore, R.G., et al., "Field Observations of In Situ Combustion in a Waterflooded Reservoir in the Kinsella Field." 

Gaston, L., et al., "Cold Weather Benefits for Sludge Disposal." 

Jonasson, R.G., et al., "Chemical Disequilibrium in Oil Sand Fine Tailings."
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Lesko, G.L., "The Effect of Microbial Activity on Dewatering of Oil Sands Tailings Sludge.' 

MacKinnon, M., et al., "Assessment of a Wet Landscape Option for Disposal of Fine Tails Sludge from Oil Sands Processing? 

Angle, C., "Surface Properties, Reactivity and Electrokinetics of Suncor Sludge." 

Lott, R., et al., "Control of Coke Formation in Heavy Oil Processing." 

MacDonald, D., "Regional Upgrader Business Plan." 

Padamsey, R., "Impact of Recent Technical Developments on Upgrading Economics." 

Bailey, R.T., "Hydrogen Options in Hydrocarbon Upgrading." 

Lummus, "Update on L.C. Fining Technology." 

Sethi, A., "Distribution of Amorphous Iron Oxide in Sludge by Acid Washing." 

Babchin, A.J., et al., "Settling of Synthetic Sludges and Koalinites." 

Mimura, D.W., et al., "Oil Sand Fine Tailings (Sludge) Disposal—A Dry Landscape Alternative." 

Munoz, V.A., et al., "Microscopical Techniques for the Characterization of Sludge." 

Hepler, L., "Physical Chemistry of Tailings Sludge." 

Martin, R.W., "Sludge Storage at Lease Abandonment." 

The following articles appeared in Energy & Fuels, March/April 1991: 

Yoshida, T., et al., "A Simple Method for Analysis of Nitrogen and Phenolic Compounds in Synthetic Crude Naphtha." 

Keogh, RA., et al., "Stable Carbon Isotope Analysis of Products from Coal/Tar Sand Bitumen Coprocessing." 

Bukka, K., et al., "Fractionation and Characterization of Utah Tar Sand Bitumens: Influence of Chemical Composition on 
Bitumen Viscosity." 

OIL SANDS - PATENTS 

"Catalyst Composition for Hydrogenation of Heavy Hydrocarbon Oil and Process for Producing the Catalyst," Kazuyoshi Kudoh, 
Shigenori Nakashizu, Kinya Tawara, Kazushi Usui, Tomohiro Yoshinari - Inventors, Research Association for Residual Oil Process-
ing, United States Patent Number 4,981,832, January 1, 1991. A catalyst composition for the hydrogenation of heavy hydrocarbon oil, 
where the catalyst composition comprises at least one active ingredient for hydrogenation supported on a porous alumina carrier and 
has the following characteristics: (1) the total volume of the pores therein is from 0.4 to 1.0 milliliter per gram; (2) the mean pore 
diameter of pores having a pore diameter of from 5 to 400 is from 60 to 140; (3) the volume of pores having a pore size within + or - 
25 percent of the mean pore diameter of pores having a pore diameter of from 5 to 400 is from 60 to 98 percent of the volume of 
pores having a pore diameter of from 5 to 400; (4) the volume of pores having a pore diameter of from 400 to 5,000 is from 2 to 
9 percent of the total volume of the entire pores; (5) the ratio (square millimeters/cubic millimeters) of the outer surface area of a 
molded catalyst powder to the volume thereof is from 4 to 8; and (6) all points in the interior of the molded catalyst particle are posi-
tioned within 0.05 to 0.6 millimeter from the outer surface thereof. A process for producing the catalyst composition is also disclosed. 
Further, a process for hydrogenating heavy hydrocarbon oil, which comprises contacting the heavy hydrocarbon oil with the catalyst 
composition in the presence of hydrogen is disclosed.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1991) 

ASPI [ALT FROM TAR SANDS - James W. Bunger and Associates, Inc. (T-5) 

J. W. Bunger and Associates, Inc. (JWBA) is developing a project for commercialization of Utah Tar Sands. The product of the 
Initial venture will be paving and specialty asphalts. The project contemplates a surface mine and water extraction of bitumen fol-
lowed by clean-up and treatment of bitumen to manufacture specification asphaltic products. JWBA has secured rights to patented 
technology developed at the University of Utah for extraction and recovery of bitumen from mined ore. 

In 1988, J'WBA completed a feasibility study which examined the technology, markets, resources and economics for asphalt produc-
tion. Results showed a strong potential for profitability at 1988 prices and costs. Results also showed the need for further 
development of technology applicable to the consolidated, oil-wet resources typical of Utah and other domestic deposits. 

In February, 1989, JWBA received an award of $500,000 from the United States Department of Energy's Small Business Innovation 
Research program to further develop the technology and to conduct site-specific optimization. Under this funding, a 100-300 
pound per hour PDU has been designed and constructed. The unit has been operated to determine the effect of engineering 
design variables and kinetic parameters. Recoveries of greater than 91 percent have been experienced. The unit has been operated 
to produce gallon quantities of asphalt for testing and inspection. A field demonstration unit of 200 barrels per day has been 
designed and costed. 

All candidate sites in the Uinta Basin of Utah are currently under consideration including Asphalt Ridge, PAL Spring, Sunnyside 
and White Rocks. The commercialization plan calls for completion of research in 1991, construction and operation of a field 
demonstration plant by 1993 and commercial operations by 1995. The schedule is both technically realistic and financially feasible, 
says JWBA. 

Project Cost:	 Research and Development: $1 million 
Demonstration project: $5 million 
Commercial Facility $60-70 million 

RI-PROVINCIAL UPORADER - Husky Oil Operations lid. (F-to) 

Husky Oil is proceeding with the design and construction of a heavy oil upgrader to be located near the Alberta/Saskatchewan bor-
der at Wilton, near Uoydminster, Saskatchewan, The facility will be designed to process 46.000 barrels per day of heavy oil and 
bitumen from the Lloydminster and Cold like deposits. The primary upgrading technology to be used at the upgrader will be 
11-Oil ebullated bed hydrocracking followed by delayed coking of the hydrocracker residual. The output will be 46,000 barrels per 
day of high quality synthetic crude oil. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations lid. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase I of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction were placed on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and 
Saskatchewan. 

In September, 1988, however, Husky and the governments of Canada, Alberta and Saskatchewan, signed a binding joint venture 
agreement to finance and build the Bi-Provincial Upgrader. Project completion is targeted for late 1992. 

In February, 1989 the Bi-Provincial Upgrader Joint Venture announced the award of $120 million in engineering contracts, with 
work to start immediately and be in full swing by April, 1989. 

Detailed engineering and design was approximately 55 percent complete as of April 30, 1990. Engineering will be completed by the 
1st quarter of 1991. Procurement of major equipment, of bulk materials and miscellaneous equipment continued through the third 
quarter of 1990. 

Site preparation has been completed. The award of major civil contracts began early in 1990. Major mechanical contracts were 
started in the 3rd quarter 1990. The construction management team moved their operations to site offices in March, 1990. The 
construction force is expected to peak at 2,800 persons by the 3rd quarter 1991. 

Project Cost:	 Upgrader Facility estimated at C$1.267 billion 

BITUMOUWF PROJECT - SoIv-Ex Corp. (T-20) 

The SOIV-EX Bitumount Project will be a phased development of an open pit mine and an extraction plant using Sotv-Ex's process 
for recovery of bitumen and metals.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

COMMERCIAL PROJECTS (Continued) 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the pilot plant tailings (after bitumen extraction) showed that these minerals are readily recoverable. 

In February, 1989, a viable processing flowsheet was finalized which not only recovers the originally targeted gold, silver and 
titanium values but also the alumina values contained in the resource. Synthetic crude oil would represent about 25 percent of the 
potential mineral values recoverable from the Bitumount Lease. 

The results of this work indicate that the first module could be a single-train plant, much smatter than the 10,000 barrels per calen-
dar day plant originally envisaged. The optimum size will be determined in the preconstruction feasibility study and this module is 
estimated to cost not more than C$200 million. 

The Bitumount lease covers 5,874 acres north of Fort McMurray, Alberta. Bitumen reserves on the lease are estimated at 
1.4 billion barrels. 

Solv-Ex is looking for potential financial partners to expand the project 

BURNT LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (T.30) 

The Burnt Lake in situ heavy oil plant is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will avenge 12,500 barrels per day. 

According to the companies, the Burnt Lake project is a milestone because it will be the first commercial development of these 
heavy oil resources on the Primrose Range. This will require close cooperation with Canada's military. 

The multi-phase Burnt Lake project, which will involve cyclic steaming, was put on hold in 1986 due to low oil prices, then revived 
in 1987. The project as of early 1989 was again halted. Alternative recovery processes are under evaluation. A pilot is underway to 
test the cold bitumen production technique in 1991. 

According to initial plans, the project was supposed to be designed after the thermal recovery project Suncor operated nearby at 
Fort Kent. There slant wells were drilled in clusters and cyclic steamed. 

Future stages could double production to 25,000 barrels per day. Burnt Lake is estimated to contain over 300 million barrels of 
recoverable heavy oil. 

COLD LAKE PROJECT - Esso Resources Canada limited (F-SO) 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval to 
proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases Sand 6 in May 1985. 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen-
eration plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled. 

Shipments of diluted bitumen from Phases I and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake averaged 60,000 barrels per day. Production in 
early 1988 reached 85,000 barrels per day. A debottlenecking of the first six phases added 19.000 barrels per day in 1988, at a cost 
of $45 million. Production in 1990 avenged 90,000 barrels per day. 

The AERCO approved Esso's application to add Phases 7 through 10, which could eventually add another 44,000 barrels per day. 
A decision was made not to complete the facility in 1989. Phases 9 and 10 have been postponed indefinitely. 

All construction was essentially completed in 1988 on the central processing plant and the field facilities for Phases 7 and 8 at a cost 
of C$220 million. In December 1990, Esso announced plans to put Phases 7 and 8 into operation and begin steaming in March 
1991. Startup costs will be approximately $25 million. The development is expected to add 14,500 barrels per day of bitumen 

Project Cost: 	 Approximately $770 million for first ten phases
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

COMMERCIAL PROJECTS (Continued) 

DAPIINE PROJECT— Petro-Canada (T-60) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75.000 barrels per day. To date over 350 core holes have been 
drilled at the site to better define the resource. 

Currently, the project has been suspended pending further notice. 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (T-70) 

Texaco placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition in 1985, to be reac-
tivated when conditions in the industry dictate. In 1991 the company is initiating steps to re-evaluate the technology needed to 
recover the oil and to evaluate the environmental compliance requirements for a commercial plant. Consideration will be given to 
restarting the Lurgi pilot unit. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost:	 Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of Electromagnetic Oil Recovery, 
Inc. (T-80) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 1986. Through its subsidiary, Uentech Corporation, Universal Energy sponsored research and development at the Illinois In-
stitute of Technology Research Institute (IFRJ) on a single-welibore electromagnetic stimulation technique for heavy oil. The 
technique uses the well casing to induce an electromagnetic field in the oil-bearing formation. Both radio frequency and 60 cycle 
electric voltage are used. The radio frequency waves penetrate deeply into the formation while the 60 cycle current creates resistive 
heating. 

The first field test with a commercial well, initially producing about 20 barrels per day, was put into production in December 1985 
in Tens, on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy 
Resources Conservation Board, and stimulation started in a well in the Lioydminster area in Alberta, Canada. This well was drilled 
on a farmout from Husky Oil in the Wildmere Field. Primary production continued for about 60 days, during which the well 
produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to allow installation of the ORS 
electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The economic parameters of the operation were within the range ex-
pected, and process energy costs have been demonstrated at around S1/bbl, according to ORS. 

This well was shut-in after seven months of operation due to high operating costs associated with severe sand production. Two 
other wells utilizing the Technology were completed in the Wildmere Field with encouraging results initially. However, attempts to 
mitigate the sanding problems were not successful and these wells were also shut-in after approximately one year of operations. 

Additional work is being undertaken in Canada. A 12 degree API heavy oil well in Alberta increased production from 20 barrels to 
nearly 80 barrels per day. Another well in Saskatchewan increased from 75 to about 125 barrels per day after application of the 
Technology. Approximately 20 wells are expected to apply the Technology within Canada during 1989. This work is being per-
formed by Electromagnetic Oil Recovery Limited (fOR), a Calgary headquartered affiliate. EOR signed a contract in 1988 with 
Shell to field test the Technology in Europe during 1989. 

ORS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe sand production problems and 
low initial well productivity prevented a commercial installation although reservoir temperature was demonstrated to increase in 
excess of ISO degrees Fahrenheit. Another ORS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farmout from Tenneco Oil. The wells were eventually shut-in in 1988 due to low productivity, sanding problems, 
and low oil prices. 

A demonstration field test began in Brazil in late 1987: The test well was initially completed in September 1987. The initial test 
well resulted in increasing production from the initial level of 1.1 barrels per day up to 14 barrels per day. The process was to be 
applied to an additional 4 wells during 1989. Brazil could expand the well stimulation program to potentially several hundred oil 
producing wells in the country. 

Project Cost: 	 Not disclosed
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

COMMERCIAL PROJECTS (Continued) 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Limited. (T-90) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 41h Meridian. The primary oil sands targets in the area are the Lower Cummings 
and Clearwater sands of the Mannville Group. Additional oil sands potential is indicated in other Mannville zones including the 
Colony, Clearwater, and the Sparlzy. 

Oil production from comm wells at Amoco's Elk Point field totals 1,550 cubic meters per thy. 

Amoco Canada has several development phases of the Elk Point Project. Phase I of the project, which is now complete, involved 
the drilling, construction, and operation of a 13-well Thermal Project (one, totally enclosed 5-spot pattern), a continuation of field 
delineation and development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The 
delineation and development wells are drilled on a 16.19 hectare spacing and are cold produced during Phase 1. 

Construction of the Phase 1 Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Cyclic Steam injection into the 13-well project was initiated in July, 1987 with continuous steam injection 
commencing on April 20, 1989. Continuous steam injection was discontinued in May 1990 and the pilot was shut in. 

In February, 1987, Amoco Canada received approval from the Energy Conservation Board to expand the development of sections 
28 and 29. To begin this expansion, Amoco drilled 34 wells in the north half of section 29 in 1987-88, using conventional and slant 
drilling methods. Pad facilities construction occurred in 1988. A further 24 delineation wells were drilled in 1989 and 22 wells were 
drilled in 1990. 

Future drilling at Elk Point is dependent on Phase 2 approval of the project. Phase 2 will continue to focus on primary production 
development and will allow for further inlill drilling in the entire project area in all zones within the Mannville group. Some limited 
cyclic steaming is planned in future years. 

Project Cost:	 Phase I - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited (T-100) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board for Phase I of a proposed 3 phase com-
mercial bitumen recovery project in August 1986. 

The Phase I project involves development of primary and thermal recovery operations in the Lindbergh and Frog Lake sectors 
near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 148 wells were drilled 
by the end of 1990. 

PanCanadian expects Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase III would go into operation in the late 1990's, and production would increase to 12,OOD barrels per day. 

Thus far, steam stimulation has been applied experimentally in three sections, and the results are being evaluated while a field test 
proceeds on a pilot steam flood process in one of these sections. 

As of March 1991, low prices for heavy crude and lack of economics for expensive enhanced oil recovery methods have caused Pan-
Canadian to delay Phase I plans. Meanwhile the company continues to streamline primary operations and to evaluate steam 
stimulation and experimental steam flood pilot results. 

Project Cost:	 Phase I = C60 Million to date 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-110) 

Greenwich Oil Company is developing a project which entails modification of existing, and installation of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a lire flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation, On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24, 1985. Project has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The oil production rate 
reached 1,200 barrels per day.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes slate March 1991) 

COMMERCIAL PROJECTS (Continued) 

On January 9, 1989, Greenwich filed for reorganization under Chapter II of the Bankruptcy Act. Oxygen injection was temporarily 
suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion zone and 
to scavenge heat. 

On January 2, 1990, Greenwich successfully impleniented its Plan of Reorganization which had been approved by the Court in 
November 1990. Under the terms of an agreement with the United States Treasury, successor to the Synthetic Fuels Corporation, 
the commitment for loan guarantees and price support was terminated. 

January 1991 production was 560 barrels of oil per day. 

Project Cost:	 Estimated $423 million 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (T-120) 

Amoco (formerly Dome Petroleum) began a commercial project in the Lindbergh area that would initially cover five sections and 
was planned to be developed at a rate of one section per year for five years. It was to employ huff-and-pufr steaming of wells 
drilled on 10 acre spacing, and would require capital investment of approximately $158 million (Canadian). The project was ex-
pected to encompass a period of 12 years. Due to the dramatic decline of oil prices, drilling on the first phase of the commercial 
project was halted, and has forced a delay in the proposed commercial thermal development. 

The company has no immediate plans for steaming the wells to increase production because this process is uneconomic at current 
2±. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL ThERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (T-130) 

Murphy Oil Company Ltd., has completed construction and startup of a 2,500 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the North Saskatchewan River. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand Rapids 
zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 95,000 centipoise. The 
wells are directionally drilled outward from common pads, reducing the number of surface leases and roads required for the 
project. 

The project was suspended for a year from September 1988 to August 1989 when three wells were steamed. The project returned 
to production on a limited basis in the last quarter of 1989. Initial results have been very encouraging, says Murphy, but an expan-
sion to full capacity depends on heavy oil prices, market assessment, and operating costs. 

Project Cost: 	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 

NEWGRADE HEAVY OIL UPGRADER - NewGrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-140) 

Construction and commissioning of the upgrader was completed in October, 1988. The official opening was held November 9, 
1988. In 1989 the hydrogen plant experienced many shut downs and a fire, causing other problems down the line due to fluctua-
tions. The problems with winterization, valves and metering systems were solved, however. 

The refinery/upgradcr combination has been running at 50,000 barrels per day of crude through the refinery itself. From that, 
30,000 barrels per day of heavy mid bottoms ate sent to the new Atmospheric Residual Desulfurization unit which performs 
primary upgrading. From there 12,000 barrels per day is being run through the Distillate Hydrotreater which improves the quality 
of the distillate fuel oil streams by adding hydrogen.
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COMMERCIAL PROJECTS (Continued) 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Consumers' Co-Operative Refineries provided 5 percent or the costs as equity, plus the existing refinery, while the provincial 
government provided 15 percent. The federal government and the Saskatchewan government was provided loan guarantees for 
80 percent of the costs as debt. 

NewOrade selected process technology licensed by Union Oil of California for the upgrader. The integrated facility is capable of 
producing a full slate of refined products or alternately 50,000 barrels per day of upgraded crude oil or as will be the initial case, 
some combination of these two scenarios. 

Project Cost:	 $700 million 

OSLO PROJECT - Esso Resources (25%), Canadian Occidental (20 0/v),, Gulf Canada (20%), Petro-Canada (15%), PanCanadian 
Petroleum (10%), Alberta Oil Sands Equity (10%). (T-150) 

The OSLO joint venture is planning an 80,000 barrel per day oil sands mine and extraction plant 60 kilometers north of Fort 
McMurray, and an u perader situated about 7 kilometers south of Redwater. near Edmonton. Production is scheduled to begin in 
1996. 

On February 20, 1990 the Canadian federal government announced the withdrawal of its previous commitment to finance 
$1.6 billion of the $4.5 billion project. To the end of 1989, $75 million had been spent on project studies. In mid-1990, however, the 
Alberta government pledged to provide $47 million to complete the engineering phase. Alberta's contribution will represent 
36 percent of the estimated $130 million total cost for the engineering phase. The Canadian federal government will contribute up 
to $45.5 million, 35 percent of the total, for the engineering phase. The OSLO consortium will fund the rest. The Alberta govern-
ment had already spent $103 million on the OSLO project to 1990. A decision to proceed with the construction of the proiect will 
be made in the Spring of 1992. 

The engineering phase is scheduled to be completed by the end of 1991. Engineering work has recently focused on the Edmonton-
area upgrader to be linked directly to OSLO's Fort McMurray bitumen production via pipeline. The pipeline is planned to be open 
to other operators to move their product. A second pipeline will return the diluent to the bitumen production facility. OSLO has 
set a $10/barrel target for synthetic crude production for the project. The project could then be profitable with crude oil prices in 
the $18 to $20/barrel range. Current economics assume a 35- year pro ject life. 

The project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, the 
bitumen would be extracted from the sand by warm water and chemicals and sent to the upgrader by pipeline. There, it would be 
converted into synthetic crude oil with properties similar to conventional light crude oil—suitable as feedstock for Canadian 
refineries. OSLO has selected the high-conversion Veba Combi Cracking process for upgrading. 

According to OSLO, the OSLO reserves are of higher quality than most of what remains at Syncrude, and OSLO's layer of over-
burden is thinner, advantages that should make OSLO's estimated production costs slightly lower than those of Syncrude. Lease 31 

Project Cost: $4.5 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (T-160) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to on average production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at a cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen produc-
tion, plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The 
commercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant 
for generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted is diluted and marketed as a blended heavy oil. The diluted bitumen is transported by pipeline to the northern 
tier refineries in the United States and the Canadian west coast for asphalt production. 

An application to the Energy Resources Conservation Board received approval in early November 1984. Drilling began in 
February 1985. Construction began June 1985. The expansion was on stream October 1986. 
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COMMERCIAL PROJECTS (Continued) 

In 1989 production was increased to the design capacity of 1,600 cubic meters of oil per day. This rate continued in 1990., With a 
modification to the steam drive process, production during 1991 is anticipated to exceed the original design at 1,800 cubic meters 
per day. Coincident with this increase in production is a reduced steam requirement which contributes to improved efficiency of 
the current operation and reduced operating costs. 

On January 25, 1988 the ERCB approved Shell Canada's application to expand the Peace River project from 10,000 barrels per day 
to approximately 50,0 barrels per day. PREP II, as it will be called, entails the construction of a stand-alone processing plant, lo-
cated about 4 km south of PREP I. PREP II would be developed in four annual construction stages, each capable of producing 
1,600 cubic meters per day. However, due to low world oil prices and continual uncertainty along with the tack of improved fiscal 
terms the expansion project has been postponed indefinitely. Some preparatory site work was completed in 1988 consisting of the 
main access road and drilling pads for PREP II. The ERCB approval for PREP If was allowed to lapse, however, in 
December 1990. Continued world oil price uncertainty contributed largely to the decision not to seek an expansion. 

The Peace River com plex completed its first full year of operating at capacity in 1990. Its 10 millionth barrel of bitumen was 
produced in March. 

Advances continue to be made in recovery technology, with a recent shift to continuous steam drive. Production in 1990 increased 
20 percent over 1989, while m oss operatin g costs were reduced by nearly 10 oercent. 

Project Cost: $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170) 

Amoco (formerly Dome) proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. 
Amoco is earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, 
the company undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby 
earned an interest in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 de-
pea API oil in 1984. 

The agreement with Alberta Energy allows Amoco to earn an interest in an additional 194,280 acres of adjoining oil sands lands 
through development of a commercial production project. The project is estimated to carry a capital cost of at least $0.2 billion 
and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil or 18.6 percent 
of the oil originally in place in the project area. Each section will contain four 26-well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. A subsequent amendment to the original scheme was approved on August 18, 1988.The 12,800 acre project will 
be developed in three phases. Four 6,5(X) barrel per day modules will be used to meet the 25,000 barrel per day target. 

Due to depressed bitumen prices, the proposed drilling schedule remains postponed. The commercial project will proceed when oil 
prices return to levels which make the project viable. 

In 1989, Amoco undertook some additional work at the site by drilling a horizontal well. In 1990 Amoco announced it would drill 
two more wells to assist in engineering design work. Six hundred thousand dollars was planned to be spent on this effort in 1990. 

A new steam iniection heavy oil pilot was placed in production in early 1991. By the end of 1991, AEC expects to be testin g more 
than 80 welts using various techniques, including a cold techniq ue which employs specialized pumps. 

AEC expects its share of Primrose heavy oil production to strow to about 10.	 barrels per day over the next 5 years and double by 
the late 1990s. 

Project Cost:	 $12 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORI) SYNTHETIC CRUDE REFINERY - Shell Canada Limited (1-180) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity was 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided 
by the two existing oil sands plants, Syncrude and Suncor. The refinery's petroleum products are gasoline, diesel, jet fuel and stove 
oil. Byproducts include butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,000 tonne/year styrene plant. 
The refinery and petrochemical plant officially opened September 1984. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants 
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COMMERCIAL PROJECTS (Continued) 

SUNCOR, INC., OIL SANDS GROUP - Sun Company, Inc. (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (T-190) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981, Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of Fort 
McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, overburden 
is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. Third, 
hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic crude 
oil, most of which is shipped to Edmonton for distribution. 

Current remaining reserves of synthetic crude oil are 298 million barrels 

In 1989, the Oil Sands Group recorded earnings of $34 million compared with a loss of $11 million for 1988. Earnings for the last 
six months of 1989 were $22 million compared with a profit of $1 million for the same period of 1988. Production at Oil Sands 
Group was strong in 1989, averaging 57,200 barrels per day compared with 49,000 barrels per day in 1988. 

A major environmental project, undertaken in 1989, was planning for a pilot plant to recover sulfur dioxide from the utilities' stack 
gases. The pilot, if successful, may lead to the construction of a full-scale plant that will remove most of the sulfur dioxide from the 
plant's emissions. Operations began at the pilot p lant in the first quarter of 1991. 

A phased approach to the debottlenecking project will increase plant capacity without the large upfront cash requirements. 

After a maintenance shutdown in the summer of 1990, production was back up to an averaged 60,000 barrels per day. Cash operat-
ing costs during 1990 were $17.25 per barrel, includin g the shutdown period, and $15.00 per barrel excludin g the shutdown. 

In March 1991, the group set an all-time monthl y record with avera ge production of 70,500 barrels of synthetic crude oil per day. 
Cash operating costs avera ged $14.25 per barrel during the first q uarter of 1991. 

After December 31, 1991, the roa ylty will change to be the greater of 5 percent of revenues or 30 percent of revenues less allowed 
operating and capital costs, 

Project Cost: 	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (P200) 

Amoco Corporation is studying the feasibility of a commercial project on 1,120 acres of fee property and 9,60) acres of combined 
hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is continuing on various extraction and retorting 
technologies. The available core data are being used to determine the extent of the mineable resource base in the area and to 
provide direction for any subsequent exploration work. 

A geologic field study was completed in September 1986; additional field work was completed in 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. Amoco continued due diligence efforts in the field in 1988. This work 
includes a tar sand coring program to better define the resource in the Combined Hydrocarbon Least. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - (NC Energy Corporation (T-2I0) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by ONC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration. The pilot demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen 
as mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute (CSMRI) in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 
5 percent ash and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and found it to be 
simpler and cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston, Texas and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur.
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COMMERCIAL PROJECTS (Continued) 

Today GNC has a complete press that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent and 
flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristics between Saudi Light and Saudi 
heavy. 

(INC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, (INC requested loan and price guarantees of $452,419,000. On November 19, 
1985 the SEC determined that the project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the SEC was canceled by Congressional action. ONC is now attempting to finance independently of United 
States government assistance. Studies have been completed by M. W. Kellogg and Engelhard indicating feasibility, after the decline 
in prices beginning in January 1986 of a 7,500 barrels per day plant which converts the ART-treated bitumen to 31 percent gasoline 
and 69 percent diesel. The 7,500 barrels per day plant including upgrading to products, with some used equipment, would cost 
$149 million. 

Project Cost:	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDI3 PROJECT - Synco Energy Corporation (T-220) 

Synco Energy Corporation of Great, Utah is seeking to raise capital to construct a plant at Sunnyside in Utah's Carbon County to 
produce oil and electricity from coal and tar sands. 

The Synco process to extract oil from tar sands uses coal gasification to make a synthetic gas. The gas is cooled to 2,000 degrees F 
by making steam and then mixed with the tar sands in a variable speed rotary kiln. The hot synthetic gas vaporizes the oil out of 
the tar sands and this is then fractionated into a mixture of kerosene (jet fuel), diesel fuel, gasoline, other gases, and heavy ends. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO, removed and the gas burned in a gas turbine to 
produce electricity. The hot exhaust gases are then used to make steam and cigenerated electricity. Testing indicates that the 
hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 

The plant would be built at Sunnyside, Utah, near the city of Price. 

There is a reserve of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been filed by Synco with the Utah Division of State Lands for an industrial special use lease containing the en-
tire Section 36 of State land bordering the town of Sunnyside, Utah. Synco holds process patents in the U.S., Canada and 
Venezuela and is looking for a company to joint venture with on this project. 

Project Cost: $350 million 

SYNCRUDE CANADA, LTD. - Esso Resources Canada (25.0 0/e); Petro-Canada Inc. (17.0%); Alberta Oil Sands Equity (16.74%); Al-
berta Energy Company (10.0%); PanCanadian Petroleum Limited (10.0%); Gulf Canada Resources Ltd. (9.03%); Canadian Occidental 
Petroleum Ltd. (7.23%); 11800 - Oil Sands Ltd. Partnership (Amoco Canada Petroleum Company Ltd.) (5.0%) (T-230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 155,0 barrels per calendar day. The 
original plant with a capacity of 108,000 barrels was based upon: oil sand mining and ore delivery with four dragline-bucketwheel 
reclaimer-conveyor systems; oil extraction with hot water flotation of the ore followed by dilution centrifuging and upgrading by 
fluid coking followed by hydrotreating. During 1988, a 6-year $13 billion investment program in plant capacity was completed to 
bring the production capability to over 155,000 barrels per calendar day. Included in this investment program are a 40,000 barrel 
per day 1C Fining hydrociacker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

In 1990 production averaged over 180,000 barrels per day with operating costs of about C$16 per barrel. The target is (315 per 
barrel by 1991.
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COMMERCIAL PROJECTS (Continued) 

In 1991, Alberta's government agreed to approve contracts between Syncrude and other heavy oil producers to allow Syncrude to 
custom process bitumen from other leases. This has the potential to increase production from the plant by up to 5 million barrels 
per year. 

Project Cost:	 Total cost $3.8 billion 

TI IRE13 STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (17-240) 

Three Star Drilling and Producing Corporation has sunk a 426 foot deep vertical shall into the Upper Siggins sandstone of the Sig-
gins oil field in Illinois and drilled over 32,000 feet of horizontal boreholes up to 1,500 feet long through the reservoir. The original 
drilling pattern was planned to allow the borehole to wander up and down through the producing interval in a snake' pattern. 
However, only straight upward slanting holes are being drilled. Three Star estimates the Upper Siggins still contains some 35 mil-
lion barrels of oil. 

The initial plans call for drilling one to four levels of horizontal boreholes. The Upper Siggins presently has 34 horizontal wells 
which compose the 32,000 feet of drilling. 

Sixty percent of the horizontal drilling was completed by late 1990. The original plan to begin production while the rest of the drill-
ing was completed has changed. Production has been put on hold pending an administrative hearing to determine whether the 
mine is to be classified as gaseous or non-gaseous. While awaiting the outcome of the hearing, the company is running production 
tests. 

Project Cost: 	 Three Star has budgeted $3.5 million for the first shaft. 

WOLF LAKE PROJECT— BP Canada Resources Ltd. and Petro-Canada (T-260) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the huff-and-
puff method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled. 

An estimated 720 wells will be needed over the expected 25-year life of the project. Because the site consists mostly of muskeg. the 
wells will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and viscous (10 degrees API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir 
however, production had increased to 1,030 cubic meters per day in 1989 and 1,147 cubic meters per day in 1990. Continuing the 
trend, 1991 will see an average production rate of 1,167 cubic meters per day. 

In 1987, a program designed to expand production by 2,400 cubic meters per day to 3,700 cubic meters per day, total bitumen 
production was initiated. Wolf Lake 2 was originally expected to be completed in mid-1989. 

In early 1989, BP Canada and Petro-Canada delayed by 1 year the decision to start up the second phase. While the Wolf Lake 2 
plant was commissioned in 1990, full capacity utilization of the combined project is not likely before the late 1990s when it is ex-
pected that higher bitumen prices will support the expanded operation and further development. 

In late 1989 BP Canada attempted to sell its 50 percent interest in the project and later in 1990 withdrew it from the market. In-
stead the company is continuing to operate the facility while seeking a third partner. 

The new water recycle facilities and the Wolf Lake 2 generators are operational. Production levels will be maintained at 1,100 to 
1,200 cubic meters per day until bitumen netbacks have improved. The Wolf Lake 2 oil processing plant and Wolf Lake 1 steam 
generating facilities have been suspended. 

In September 1989, Wolf Lake production costs were reported to be almost C$22 per barrel, while bitumen prices fell to a low of 
C$8.19 per barrel in 1988. BP initiated a program to reduce Wolf Lake costs, which included laying off 120 workers, making im-
provements in process efficiency, and operating the plant at about 50 percent of capacity. These economic measures cut operating 
costs to C$10 to 12 per barrel.
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COMMERCIAL PROJECTS (Continued) 

In 1990, Wolf Lake production costs droo ped to $10.20 per barrel, and bitumen production increased to 3.598 barrels a day. 

Project Cost:	 Wolf Lake 1
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (T-670) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The product'e formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 mKm . Temperature 
ranges from 279 to 281 degrees K porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. In 15 years, 10 million tons of steam have been in-
jected into the reservoir. 
Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two under-
ground slant production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cost:	 Not Disclosed

R & D PROJECTS 

All IABASCA IN SITU PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, husky Oil Opera-
tions Ltd., Esso Resources Canada Ltd. (T-270) 

The pilot project began operation in December, 1981. The pilot was developed with the following objectives in mind: Evaluate the 
use of horizontal hydraulic fractures to develop injector to producer communication; optimize steam injection rates; maximize 
bitumen recovery; assess the areal and vertical distribution of heat in the reservoir, evaluate the performance of wellbore and sur-
face equipment; and determine key performance parameters. 

The operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. In 1990 three patterns were being operated: one 
9-spot and two 5-4pots. The central well of each pattern is an injector. Eight observations wells are located in and around the 
three patterns. The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three 
patterns continue to be encouraging, according to Husky. 

In 1990 the project passed the one million barrel production mark and at the end of January 1991 the project entered its final, 
winddown phase. The winddown phase consists of reducing the central steam injection to zero and continuing to produce until the 
working interest owners decide to shutdown the project. 

Project Cost:	 Capital $54 million, operating $73 million 

BATFRUM IN SITU WET COMBUSTION— Mobil Oil Canada, Unocal Canada Limited, Saskoil, Hudson's Bay Oil and Gas (T-280) 

Mobil Oil Canada initiated dry combustion in the Battrum field, near Swift Current, Saskatchewan, in 1965 and converted to wet 
combustion in 1978. The combustion scheme, which Mobil operates in three Battrum units, was expanded during 1987-88. The ex-
pansion included drilling 46 wells, adding 12 new bums, a workover program and upgrading surface production and air injection 
facilities. There are presently 18 burns in operation. 

All burns have been convened to wet combustion and the air injection rate is 25 million cubic feet per day. Studies have been in-
itiated to determine the feasibility of oxygen enrichment for the FOR scheme.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

R & D PROJECTS (Continued) 

BUENA VENTURA COLD PROCESS PILOT - Buenaventura Resource Corp. (1-287) 

Buenaventura Resource Corporation owns the exclusive license to use a patented process to extract oil from tar sands in the 
United States and Canada. The cold process was invented by Park Guymon of Weber Slate University. 

The two step process uses no heat in extracting heavy oil from tar sands. Asphalt can be made from the oil, or it can be refined for 
use as a motor oil. The company is currently assessing the market for these products. 

The process will be developed in three phases. The first phase is a small pilot plant to be installed at or near Weber State Univer-
sity. The plant is being built in Texas and was shipped to Utah in the fall of 1990 for installation. The project's second phase will 
be a larger pilot plant and the third phase will be a commercial-scale plant. 

Buenaventura has been working on developing the new process in Uintah County, Utah since 1986. Funding for the project is 
being sought from the State of Utah and the United States Department of Energy. 

CANMET I-IYDROCRACKING PROCESS - Petro-Canada and Partee Lavalin Inc. (1-300) 

A novel hydrocracking process for the upgrading of bitumen, heavy oil and residuum has been developed at the Canada Centre for 
Mineral and Energy Technology (CANMET). This CANMET Hydrocracking Process is a single-stage, high conversion process ef- 
fective for the conversion of weight percent of the pitch in heavy feedstocks to distillate boiling below 524 C. (Pitch is defined 
as material boiling above 524 C.) An additive is used which acts as a coke preventer and a mildly active hydrogenator at moderate 
pressures. Hydrogen consumption and gas make are lower compared to other hydrocracking processes. 

In 1979, Petit-Canada acquired an exclusive right to license the process. Petit-Canada formed a working partnership with Patter: 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 

Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. Upon startup, the 
unit was operated in the hydrovisbrcaking mode. Without additive, 30 weight percent pitch conversion was achieved. In May 1986, 
introduction of additive led to the achievement of 80 weight percent pitch conversion without coking. This test proved the benefi-
cial effect of the additive in achieving high conversions. 

Further testing, in pilot plants, led to the use of a simpler additive. The plant operated from March 1987 until June 1989 using this 
commercial additive. During this time a number of special demonstrations were made including a high conversions (93%) run 
using a blend of vacuum residues from Cold Lake Heavy Oil and Western Canadian Crudes. The results of this work confirmed 
the capability of the process to achieve high conversion in a thermally stable, coke free, single stage reactor. 

The high conversion CANMET Hydrocracking Process has been successfully demonstrated and is now available for commercial 
application. Patent protection and process guarantees are provided by the licensors. 

No further demonstration plant tests are planned, but a I barrel per stream day pilot plant is still used extensivel y for client 
feedstock testing. 

Project Cost: 	 Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. (60%) and Alberta Energy Co. (40%) (1-310) 

Husky Oil Operations Ltd. and Alberta Energy Co. received ERCB approval for a 1,100 barrels per day heavy oil steam pilot in 
the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

In September, 1989, Husky and AEC Oil & Gas Company announced their intention to proceed with the development of the 
Caribou Lake Pilot Project. This project will test the potential commercial application of producing heavy oil using cyclic steaming 
technology. Husky will operate the project. 

Husky and AEC have drilled 48 exploratory and development wells on the 372-section Caribou Lake block. Natural gas and 
bitumen discoveries have resulted, with the quality and extent of the bitumen resources justifying this pilot recovery project. 

Construction and startup of the project facilities were completed during the first quarter of 1991. The Pilot will consist of 25 cyclic 
steam/production wells, 75 MMBTU/hour steam generation capacity and associated oil treating and produced water clarification 
facilities. A comprehensive testing and analysis program to define technology for maximum reuse of produced water will be incor-
porated. 

Project Cost: Approximately S20 Million
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

R & D PROJECTS (Continued) 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada (T-320) 

Mobil's heavy oil project is located in '132 and R23, W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and five injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 

Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987. Operations were 
suspended in 1988-89. 

Production in the Celtic Multizone Test, an expansion of the Heavy Oil Pilot, consisting of 16 wells on 20 acre spacing, commenced 
with primary production in September, 1988. First cycle steam injection commenced May, 1989. This test operation is now part of 
the total Celtic field operation. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-Il SYNFUELS DREDGING PROJECT - C-H Synfuels Ltd. (T-330) 

C-H Synfuels Ltd. plans to construct an oil sands dredging project in Section 8, Township 89, Range 9, west of the 41h meridian. 

The scheme would involve dredging of a cutoff meander in the I joist River some 900 meters from the Fort McMurray subdivision 
of Abasand Heights. Extraction of the dredged bitumen would take place on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. The resulting bitumen would be stored in tanks, allowed to cool and solidify, 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 

C-H proposes to add lime and a non-toxic polyacrylamide polymer to the tailings stream. This would cause the fines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cost: Not disclosed 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-340) 

Kirkwood Oil and Gas is forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar Sand 
Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Work on this project was suspended in 1990 until an Environmental Impact Statement can be completed. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada (F-350) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 150 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 20 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of fourteen single welts in 1988. Various zones have been tested in the 
Upper and Lower Grand Rapids formation. The test well locations are distributed throughout Mobil's leases in Townships 63 and 
64 and Ranges 6 and 7 W4M. Based on encouraging results, the Iron River Pilot [see Iron River Pilot Project (T440)]. was con-
structed with operations beginning in March. 1988. To date, steam stimulation tests have been conducted in a total of 14 vertical 
wells. 

Five vertical wells, all multizone completions, were still in operation in 1991; the remaining wells were suspended at the conclusion 
of their testing programs. No further steaming of the single wells is planned. A single zone, conduction assisted steam stimulation 
in a horizontal well began in mid-1989. This test was still operating in 1990. 

Project Cost:	 Not disclosed

SYNTHETIC FUELS REPORT, JUNE 1991 
3.54



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

R & D PROJECT'S (Continued) 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour la Valorization des 1-luiles Lourdes (AS VAI IL) (T-360) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DIth) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAIIL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations were 
completed by the end of 1987. 

ASVAIIL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
raise du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 

The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - IZsso Resources Canada Ltd. (T-380) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Laming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease No. 
40. l3sso has sold these data to several companies. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Laming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion, costing $40 million, 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is 3,100 cubic meters per day—i.e., about 19,500 barrels per day of bitumen. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as on follow-up recovery methods, such as steam displacement and horizontal wells. 

(Also see Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EYE! fiLL IN SITU COMBUSTION PROJECT - Canadian Occidental Petroleum, Ltd., C.S. Resources Ltd. and Murphy Oil Company 
Ltd. (T-390) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 1640-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 

Cumulative production reached one million barrels in 1988. This represents about 6 percent of the oil originally in place in the 
project area. Another four million barrels is expected to be recovered in the project's remaining 10 years of life alter 1988. 

Production in 1990 continued at 500 barrels per day. The air compressors supplying combustion air were shut-in in June 1990. 
Secondary processes for maximum recovery were being reviewed as of March 1991. 

Project Cost:	 $15.2 million
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

R & I) PROJECTS (Continued) 

FT. KENT flIERMAL PROJECT— Koch Industries and Canadian Worldwide Energy Corporation (F400) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of Al-
berta. Canadian Worldwide holds a 50 percent working interest in this project, with Koch Industries now replacing Suncor. This 
oil has an average gravity of 123 degrees API, and a sulfur content of 33 percent. The project utilizes huff and puff, with 
steamdrive as an additional recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns 
convened from 1984 through 1988. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an 8 well cluster drilled in late 1985. Five additional develop-
ment well locations have been drilled. Approximately 59 wells are now operating, with production averaging 1,600 barrels per day. 
Further development work, including tying-in the 8 wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated lobe greater than 21 percent with recoveries in the 26 percent range in the steamflood areas expected. 

Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to 1988 is approximately $35 million (Canadian). 

In January 1989, it was announced that the project would be indefinitely suspended. 

Project Cost: See Above 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd. (14.29%) and AOSTRA (85.71%) (T420) 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 2.86-7-W4M. Petro-
Canada participated in Phase A of the project but has declined participation in Phase B which was initiated in 1990. Other parties 
may participate by reducing AOSI'RA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petro-
Canada (15 percent). Amoco is the operator. The production pattern consists of a four-spot geometry with an enclosed area of 
0.28 hectacres (0.68 acres). Three observation wells have been drilled. The process has tested the use of steam and steam additives 
in the recovery of highly viscous bitumen (I x 10 million cP at virgin reservoir temperature). Special fracturing techniques have 
been used and sophisticated seismic methods and other techniques are being used to monitor the in situ process. 

The project began operation in September 1985. Steaming operations were initiated in October 1986 to heat the production 
wellbores. A production cycle was then started in January 1987. Steam Foam Flooding began in October 1988. Plans for 1991 call 
for initiating a steam diversion process using low temperature oxidation. 

Project Cost:	 $22.8 million (Canadian) 

HANGING STONE PROJECT— Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (T430) 

Construction of a 13 well cyclic steam pilot with 4 observation wells was completed and operation began on July 1, 1990. On Sep- - 
tember 4, 1990, Petro-Canada announced their official opening of the Hangingstone Steam Pilot Plant. 

The pilot welts nrc now in their second production cycle. 

The Group owns 34 leases in the Athabasca oil sands, covering 500,000 hectares. Most of the bitumen is found between 200 and 
500 meters below the surface, with total oil in place estimated at 24 billion cubic meters. 

The Hangingstone operations are expected to continue until 1992. According to Petro-Canada, total expenditures will reach 
$160 million by 1993. Expansion to an enlarged pilot operation or a semi-commcrrial demonstration project could result if the cur-
rent project is deemed successful. 

IPLATIK EAST PROJECT - Alberta Energy Company (AEC), Amoco Canada and Deminex Canada (F-435) 

The Ipiatik East pilot is inside the Cold Lake Air Weapons Range, otherwise known as the Primrose Block. AEC is the operator 
and holds a 60 percent interest in the project. Partners are Amoco Canada and German Deminex Canada. The project has tested 
cyclic steam stimulation of bitumen in of the Wabiskaw sands of the Lower Cretaceous Mannville Group. 

AEC first began experimenting with cyclic steaming in the area in 1984 with seven wells drilled on 3.6 acre spacing. The initial 
strategy was to use the basal zone to promote reservoir heating and gravity drainage, and to minimize steam override. Initial 
steaming using 44.000 barrel slugs provided good performance on the first cycle but production deteriorated in later cycles. The 
wells had been completed with the conventional techniques of installing the production casing set through the formation and ce-
mented to the surface.
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R & 0 PROJECTS (Continued) 

In late 1986, AEC began testing a propped sand fracture completion prior to steam injection. The horizontal fracture provided a 
larger contact area for stimulation and a better chance to contain the fracture above the basal zone. To assist fracture initiation, 
the casing was notched to create a narrow horizontal area which would be exposed to high rate, high pressure fracture fluids. The 
casing was notched in the upper half of the oil sands above several of the tight calcite layers. 

Results of the propped fracturing prior to steam injection were very encouraging. AEC drilled three more wells (Phase B) north-
east of the Phase A pattern in 1987 for further testing. Phase B results were superior to Phase A. The Phase B wells achieved daily 
oil production rates which were 50 percent better than cycle one, 90 percent better than cycle two and 60 percent better than cycle 
three on typical Phase A wells. ABC drilled another four wells in 1988, completing a regular seven-spot pattern on six-acre spacing. 
Those wells have performed better than the 1987 wells over three cycles. 

Due to prevailing low heavy oil prices the project was suspended in 1990 to allow concentration on other areas of Primrose which 
have more immediate commercial potential. Future testing of alternate recovery processes at Ipiatik are being considered. 

Project Cost: 	 Phase A: C$24,000,000 

IRON RIVER PILOT PROJECT - Mobil Oil Canada F440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a four hectare pad develop-
ment with 23 slant and directional wells and 3 observation wells on 3.2 and 1.6 hectare spacing within a 65 hectare drainage area. 
The project is 100 percent owned by Mobil Oil. It is located in the northwest quarter of Section 6-64-6W4 adjacent to the Iron 
River battery facility located on the southwest corner of the quarter section. The project is expected to produce up to 200 cubic 
meters of oil per day. The battery was expanded to handle the expected oil and water volumes. The produced oil is transported by 
underground pipeline to the battery. Pad facilities consist of 105 million Id/hr steam generation facility, test separation equipment, 
piping for steam and produced fluids, and a flare system for casing gas. 

To obtain water for the steam operation, ground water source wells were drilled on the pad site. Prior to use, the water is treated. 
Produced water is injected into a deep water disposal well. Fuel for steam generation is supplied from Mobil's fuel gas supply sys-
tem and the treated oil is trucked to the nearby Husky facility at Tucker Lake. 

The pilot project has been operating since 1988 and is expected to continue operation until 1992 

Project Cost: 	 $14 million 

JET LEACHING PROJECT - BP Resources Canada Ltd. (F-450) 

BP Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the Ells River area north 
of Fort McMurray, Alberta. 

The process, called jet leaching, involves high-rate injection of water into a tar sand formation so that the agitation of the injected 
fluid cuts the tar sand and separates the bitumen. The injected water contains chemicals that cause the sand particles to ag-
glomerate, further aiding the separation process. 

The bitumen-laden fluid is brought to the surface in a typical production well while the sand particles remain in the formation. BP 
expects the fluid to be in the form of a froth in which the bitumen will float to the surface. Excess fluid will be discarded. 

The project involves drilling four wells, in which casing will be run to the top of the formation. The jet injection device will be 
lowered into the uncased bottom for injection of the water. A single jet is pointed into the formation, and is rotated during injec-
tion in order to contact the entire formation exposed in the wellbore. 

The fluid injection rate probably will be in the range of 15-25 barrels per hour at a fluid temperature of 175 degrees F. 

The pilot targets the McMurray tar sands at a depth of 220 to 260 feet. 

Project Cost: C$500,000 

KEARL LAKE PROJECT - See Athabasca In Situ Pilot Project (T.270)
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R & D PROJECTS (Continued) 

KENOCO PROJECT - Kenoco Company (T460) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The prin-
cipals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. 
The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed. 

Plans were being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of 5 to 6 years to a 
10,000 barrels per day operation. However, the commercial project has been on hold since early 1990 pending better market condi-
tions. 

Project Cost:	 Not disclosed 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (T470) 

This experimental in situ recovery project is located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces From a 60 foot 
thick Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 20 
acres. Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested 
from 1980 to 1983 but has been terminated. I luff-and-puff continued. Production rates from the seven-spot area were encourag-
ing, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 85,000 Cp at reservoir temperature F. Porosity is 33 percent and permeability is 2500 md. 

This pilot is currently suspended due to low oil prices. 
(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost:	 $7 million capital, $23 million per year operating 

LINDBERGH THERMAL PROJECT— Amoco Canada Petroleum Company Ltd. (T480) 

Amoco (formerly Dome) drilled 56 wells in section 18-55-5 W4M in the Lindbergh field in order to evaluate an enriched air and air 
injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to evaluate the combination thermal 
drive process. The enriched air scheme included three 10 acre patterns. Currently only one 10 acre enriched air pattern is opera-
tional. 

Air was injected into one 10 acre pattern to facilitate sufficient burn volume around the wellbore prior to switching over to en-
riched air injection in July 1981 Oxygen breakthrough to the producingwells resulted in the shut down of oxygen injection. A con-
certed plan of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several 
years. Enriched air injection was reinitiated in this pattern in August 1985. Initial injection rate was 200,000 cubic feet per day of 
100 percent pure oxygen. Early oxygen breakthrough was controlled in the first year of Combination Thennal Drive (CID) by 
reducing enrichment to 80% oxygen. 

In the second star of CTD, further oxygen breakthrough was controlled by stopping iniection. then Wetting air followed by 
50 percent 02• Lack of production response and corrosion caused the pilot to be shut in in mid-1990. 

Project Cost: 	 $22 million 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (T-490) 

Amoco (formerly Dome) completed a 46 well drilling program (7 injection wells, 39 production wells) in Section 35-514-W4M in 
the Morgan field in order to evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot pat-
terns. All wells have been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimula-
tions to provide for production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. 
All of the nine patterns have been ignited and are being pressure cycled using air injection. 

A chance of strategy with more frequent pressure cycles and lower iniection pressure targets was successful for pressure c ycle four. 
This strategy will be continued with pressure cycle five scheduled for this sear. A conversion to combination thermal drive is still 
planned after pressure cyclin g becomes unfeasible due to longer repressuring time requirements. 
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The project started up in 1981 and is scheduled for completion in 1995. 

Project Cost: 	 $20 million 

PCI7J PROJECTS - Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petit-Canada (r.500) 

The project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A 
three-phase, 15 year farmout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could 
cant an undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contribut-
ing a minimum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phases I and 11 by con-
tributing $57 million. 

Phase II, designed to further test and delineate the resource, is now complete. Phase HI began in December, 1988. The program 
includes a multicycle single well steam simulation test at 16-2744-11 W4 in its eighth production cycle. A second multicycle single 
well steam stimulation test at 4-35484-11 W4 is in its sixth cycle. Operation of the third single well test at 13-27 was suspended after 
completion of its fourth cycle. The three single-watt tests have been completed. Steam injection began on May 1, 1990 in the cen-
ter well of a 13 well pilot. This pilot is in its second cycle as of March 1991. 

Project Cost: 	 Not disclosed 

PELICAN LAKE PROJECT - CS Resources Limited and Devyan Petroleum Ltd. (T-5I0) 

CS Resources acquired from Gulf Canada, the original operator, the Pelican Lake Project comprised of some 89 sections of oil 
sand leases. 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary production 
methods, with a view to ultimately introducing thermal recovery methods. 

Eight horizontal wells have been successfully drilled at the project site in north central Alberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,500 feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 

Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 
Drilling of five more horizontal wells with horizontal sections of 3,635 feet (a horizontal record) was accomplished in December 
1989 and January 1990. 

Special effort was made to keep the drilling program simple and cost-effective. A surface casing was set vertically at 110 meters, 
then the wells ware kicked off and inclination was built gradually to 90 degrees at a rate of two degrees/10 meters. An intermediate 
casing was run and cemented before horizontal drilling commenced in the sand reservoir. Early production rates avenged 15 to 
20 cubic meters per day, three to six times average vertical well figures. Four wells rapidly produced with a disappointing, and un-
expected high water cut, whereas no bottom water is known to exist in this particular area. This problem is still under review. 

Sand production has not been a major problem and the production sand content is lower than in surrounding vertical wells 

Project Cost: 	 Not disclosed 

PELICAN-WABASCA PROJECT— CS Resources (T-520) 

Construction of firetlood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase If (fireflood) commenced operations during September 1982. The pilot consists 
of a 31-wa1l centrally enclosed 7-spot pattern plus nine additional walls. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. The remaining wells stayed on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot was converted to steamflood in fall 1987. 

In May 1989 all thermal operations had been terminated. The wells were abandoned with the exception of 13 welts that remain 
producing on primary production. 

Project Cost:	 Not Specified
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PROVOST UPPER MANNVILLE I IEAVY OIL STEAM PILOT - AOSTRA, Canadian Occidental, Ease, Murphy Oil, Norcen Energy 
Resources Limited ('F-flU) 

Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an experimental 
cyclic steam/steam drive thermal pilot in the Provost Upper Mannville B Pool. The pilot project will consist of a single 20 acre in-
vetted 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each welt. All nine pattern wells 
were placed on primary production in February 1985. 

The project was designed to be operated in four stages. The first stage was to place the wells on primary production, next to begin 
multicyclic steam stimulation, followed by a steam drive and finally a heat scavenging waterflood. The project was estimated to last 
approximately 10 years. The time frame for these four phases being: 

- Mar/85 - Fed/86: Primary Production 
- Apr/86 - Jun/89: Cyclic Steam Stimulation 
- Jul/89 - Dec/92: Steam Drive 
- Jan/93 - Dec/94: Hear Scavenging Waterflood 

Overall, the cyclic production performance had an avenge incremental recovery of 17 percent over the three-year cycle phase. The 
avenge calendar day oil rates were slightly less than the 11.9 cubic meters per day originally forecast with oil steam ratios higher 
than the 035 forecast. 

The next phase of the pilot is to follow-up the four cycle steam stimulation phase with a steam drive by way of continuous injection 
into the central well. Performance thus far has been encouraging with production being equal to or better than forecast and 
slightly higher than at the end of the cyclic phase. The steam drive perfonnance in 1991 and 1992 will be important in determining 
the ultimate recovery process and pattern size to be chosen for the pool. 

Project Cost:	 $14 million capital, $23 million per year operating 

PR SPRING PROJECT - Enercor and Solv'Ex Corporation, (F-MO) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sate in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
average grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and 
claims the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and low economical 
capital and operating costs. Process optimization and scale-up testing is currently underway for the Solv-Ex/Shell Canada Project 
which uses the same technology. 

The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totalling $230,947, under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SFC was abolished by Con-
gress on December 19,19&5 before financial assistance was awarded to the project. 

The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private financing and equity 
participation for the project are being sought. 

Project Cost:	 $158 million (Synthetic crude option) 
$90 million (Asphalt option)
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

R & D PROJECTS (Continued) 

RAPAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives Development and Ministry of 
International Trade and Industry (T-550) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Interna-
tional Trade and Industry, adopted bitumen upgrading as one of its major research objectives in 1980. Three approaches were in-
vestigated: thermal cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., visbreaking-demetallation-cracking, was completed in 1984. Its capacity is 
5 barrels per day, and operation has been used to evaluate catalyst performance and also to obtain engineering data. Hydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. Research with the 5 barrel per day pilot plant was finished in 1988. A 
10 barrels per day pilot plant with suspended-bed reactor, designed by the M. W. Kellogg Company, was completed in 1985. A new 
type catalyst for the suspended bed process has been developed, and data have been obtained for process scaleup. 

The original RAPAD program was an 8-year program, concluded in March 1988 at a total cost of 23.9 billion yen. Some additional 
research and development has been continued since April 1988. 

The process developed with the aid of the 10 barrel per day pilot plant is called the MIII! process (mild mid hydrocracking 
process). It is a suspended-bed process which hydrocracks, demetallizes and converts heavy oil such as vacuum mid or oil sand 
bitumen to middle distillates at a relatively low pressure (60-80 kilograms per square centimeter). 

Project Cost:	 23.9 billion yen through 1988 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (T-580) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980090001 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and 
Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and in 
1985. Engineering studies on commercial feasibility were continuing. 

Little progress has been reported since 1987. 

Project Cost:	 Not Specified 

SOARS LAKE HEAVY OIL PILOT -Amoco Canada Petroleum Company Ltd. (r-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. The project is designed to test cyclic steam simulation process. 

Amoco Canada has been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The company now has 43 active or shut-in wells at this site with most having been drilled since 1985. The 
heavy oil reservoir at Soars Lake is located in the Sparky formation at a depth of 1,500 feet. 

In the summer of 1987, Amoco began drilling 15 slant wells for the project. One vertical well already drilled at the site was in-
cluded in the plans. The wells are oriented in a square 10 acre/well pattern along NE-SW rows. 

The injection scheme initially called for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 
However, severe communication developed immediately along the NE-SW direction resulting in production problems. Although 
this fracture trend was known to exist, communication was not expected over the 660 feet between the wells' bottomhole locations. 
Steam splitters were installed to allow teaming of 4 wells simultaneously along the NE-SW direction. Four cycles of steam injec-
tion have been completed and although production problems have decreased, reservoir performance remains poor. The short-term 
strategy for the pilot calls for an extended production cycle to create some voidage in the reservoir prior to any further steam 
stimulations. 

Sixteen new wells were planned for mid-1991. Amoco Canada and the government of Alberta have a memorandum of understand-
init on proiect royalties and the company plans to proceed with commercial development activities. 

Project Cost: $33 million through 1990
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STATUS  OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

R & D PROJECTS (Continued) 

TACIUK PROCESSOR PILOT - AOSTRA and The UMA Group Ltd. (F-MO) 

AOSTRA has built a pilot for an extraction and partial upgrading process located in southeast Calgary, Alberta. The pilot plant 
finished construction in March 1978 at a cost of $I million. The process was invented by William Taciuk of The UMA Group. 
Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the Alberta 
Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat exchange, 
cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. The pilot plant, which 
processed 5 tons of Athabasca oil sand per hour, has completed testing and demonstration. 

Information agreements were made with a major oil company and with a joint-venture company between two majors. The informa-
lion agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the informa-
tion generated by the project during the pilot phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid coker, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

The next stage is a demonstration scale AOSTRA Taciuk Processor (Al?) plant, sized at 100 tons per hour feed capacity and lo-
cated in the Athabasca Oil Sands operating area. The design and proposal for this facility were completed in 1985, but the project 
has not proceeded because of the unfavorable economic climate for oil industry capital investment. 

A comparable demonstration scale project is being considered for a semi-commercial plant to study and demonstrate the ATP Sys-
tem for producing oil from oil shale at a deposit in Australia. The design of this facility is underway, and is for a throughput 
capacity of 6,000 tons per day of oil shale feed. Construction is not yet committed, but is planned for 1991 or 1992. (See Stuart Oil 
Shale Project in oil shale status section). 

A third area of application of the technology has been developed in the past five years, which is its use for remediation of oily soils 
and sludges. In this area, the Al? has progressed to commercialization. The first ATP waste treatment was built in 1989 for Soil. 
Tech, Inc. which is the United States licensee for the use of the technology in waste treatment. This plant is presently being mobi-
lized to a waste treatment project in the United States. 

Project Cost To Date:	 C519 million (AOSTRA) 

TANGLEFLAGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (F-620) 

The project, located some 35 kilometers northeast of Lloydminster. Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Lloydminster region. 

The Tangleflags North Pilot Project is employing drilling methods similar to those used by Esso Resources Canada Ltd. in the Nor-
man Wells oil field of the Northwest Territories and at Cold Lake, Alberta. The combination of the 500-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangleflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan are providing up to 53.8 million in funding under the terms of the Canada-
Saskatchewan Heavy Oil Fossil Fuels Research Program. 

Estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gross produc-
tion rate of 6,200 barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot has advanced to the continuous steam injection phase. With one horizontal well and four vertical steam injec-
tion wells in place, the project was producing at rates in excess of 1,000 barrels of oil per day by mid 1990. Cumulative production 
to the middle of 1990 was 425,000 barrels. Production has reached peak rates in excess of 1.600 barrels per day. The expansion of 
the pilot project into a commercial operation involving 14 horizontal wells will hinge on future crude oil prices. A decision regard-
ing pilot expansion could be made in 1991. 

A second horizontal well and a steam iniection well were drilled in the fourth quarter of 1990. 

Project Cost: $10.2 million by 1990
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1991) 

R & I) PROJECTS (Continued) 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (F-oDe) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A combined hydrocarbon unit, to 
he called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Tri-
angle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-Rimrock--Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of convening leases in 
the I fill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirk-wood Oil and Gas has applied to convert over 108.	 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

The project has been put on temporary hold. 

Project Cost: 	 Unknown 

IUCKER LAKE PILOT PROJECT - I lusky Oil. Ltd. (T-640) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and 

seven wells were 
added during 1985. To determine the most productive area the test wells were widely spaced over a 3,000 acre section of the lease. 

Preliminary estimates indicate that oil in place at the project area exceeds 680 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of ItO feet at a depth of 1,500 feet. Porosity of the formation is 33 percent and permea-
bility is 1,500 md. Oil gravity is 10 degrees API with a viscosity of 100.000 cp at reservoir temperatures of 60 degrees F. 

I lusky has developed a 13 well pad which includes a 50 million BTU per hour steam generator along with other associated facilities. 
The project resumed operation during the third quarter of 1987 following a 12-month shutdown due to inadequate oil prices. 

The project was mothballed again in the fourth quarter of 1988 due to low oil prices. There are currently no plans or schedule for a 
renewal of operations. 

Project Cost: 	 Not Disclosed 

UNDERGROUND TEST FACILITY - Alberta Oil Sands Technology and Research Authority, Federal Department of Energy, 
Mines and Resources (CANMET), Chevron Canada Resources Limited, Esso Resources Canada Limited, Conoco Canada Limited, 
Mobil Oil Canada Ltd., Petro-Canada Inc., Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd. (T-650) 

Te underground Test Facility (UTF) was constructed by AOSTRA during 1984-1987, for the purpose of testing novel in situ 
recovery technologies based on horizontal wells, in the Athabasca oil sands. The facility is located 70 kilometers northwest of Fort 
McMurray, and consists of two access/ventilation shafts, three meters in diameter and 185 meters deep, plus a network of tunnels 
driven in the Devonian limestone that underlies the McMuri-ay pay. A custom drilling system has been developed to drill wells up-
ward from the tunnels, starting at a shallow angle, and then horizontally through the pay, to lengths of up to 1,000 meters. 

Two processes were selected for initial testing steam assisted gravity drainage (SAUD), and Chevron's proprietary lIASDrive 
process. Steaming of both test patterns commenced in December 1987 and continued up to early 1990. HASDrive was shut in 
April 1990 and the SAUD was to continue producing in a blowdown phase until the fall of 1990. 

Both tests were technical successes. In the case of the Phase A SAUD test, a commercially viable combination of production rates, 
steam/oil ratios, and ultimate recovery was achieved. Complete sand control was demonstrated, and production flowed to surface 
for most of the test. 

Construction of the Phase B SAUD test commenced in the spring of 1990 with the drivage of 550 meters of additional tunnel, for a 
total of about 1,500 meters. Phase B is a direct scale up of the Phase A test, using what is currently thought to be the economic op-
timum well length and spacing. The test will consist of three pairs of horizontal wells, with completed lengths of 500 meters and 
70 meter spacing between pairs. Each well pair consists of a producer placed near the base of the pay, and an injector about five 
meters above the producer. The first of these wells was drilled in early 1991, with the rest of Phase B operations to be completed 
by 1994. The decision to go ahead with Phase B followed successful completion of the proof of concept LITE pilot project 
(Phase A). That phase produced 132,000 barrels of bitumen.
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SI-All i s (W Oil. SAN I)S PROJECTS (Underline denotes changes since March 1991) 

K & I) PIU)JECTS (Continued) 

Phase II steaming, to commence in 1Q91, is expected to continue until l'PM. A decision regarding expansion to commercial produc-
tion will he made after this period. 
In 1991, ('hc,rnn announced it would consi met a $5.5 million pilot plant usine the I IASI)rivc pnwcss tin a recently acq uired nil 
sands lease :tl,oul 50 k-ilonletcN northeast of Fort McMurray, Alberta. 

l'roject Cost:	 $120 million
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Lid. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Pet no-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. September 1989; page 3-9 

Asphalt Ridge Tar Sands Pilot Sohio December 1986; page 3-51 

Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 
Mobil 
Universiiy of Utah 

Athabasca Project Shell Canada Limited September 1988: page 3-50 
Solv-Ex Corp. 

Beaver Crossing Thermal Recovery Pilot Chevron Canada Resources December 1988; page 3-67 

Block One Project Amoco Canada Petroleum Company Lid. September 1984; page T-8 
AOSTRA 
Petro-Canada Lid. 
Shell Canada Resources 
Suncor, Inc. 

Burnt hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Xirkwood Oil & Gas Company 

Burnt Lake Suncor December 1986; page 3-43 

DVI Cold Lake Pilot AOSTRA 
Bow Valley Industries, Ltd. March 1991; page 3-44 

California Tar Sands Development Project California Tar Sands Development Company September 1989; page 342 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynaleciron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Cansiar Nova March 1987; page 3-29 
Pet ro-Ca nada 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor June 1987; page 3-55 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 3-42 

Charlotte Lake Project Canadian Worldwide Energy Lid. September 1988; page 3-61 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project EOR Petroleum Company December 1983; page 3-59 
Tetra Systems 

Cold Lake Pilot Project Gull Canada Resources December 1979; page 3-31
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Deepstcam Project	 Sandia Laboratories 	 March 1984; page 341 
United States Department of Energy

March 1989: page 3-63 lnpex Syntaro Project 

Falcon Sciences Project 

I'osiem N. W. In Situ Wet Combustion 

Grossmont Thermal Recovery Project 

hOP Kern River Commercial 
Development Project 

Ipiatik Lake Project 

Kentucky 'far Sands Project 

lioydminster Fireflood 

Manatokan Project 

Marguerite Lake 13 Unit 

Mcota Steam Drive Project 

Mine-Assisted In Situ Project 

MRI. Solvent Process 

Muriel Lake 

North Kinsella Heavy Oil 

Peace River In Situ Pilot 

Porta-Plants Project 

Primrose Project 

Primrose-Kirby Project 

Ras Gharib Thermal Pilot 

Resdeln Project 

R. F. Heating Project

Enpex Corporation 
Texas 'far Sands Ltd. 
(Jetty Oil Company 
Superior Oil Company 
M. II. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences, Inc. 

Mobil Oil Canada, Ltd 

Unocal Canada Ltd. 

Ladd Petroleum Corporation 

Alberta Energy Company and 
Petro-Canada 

Texas Gas Development 

Murphy Oil Company, Ltd. 

Canada Cities Service 
Westcoast Petroleum 

AOSTRA 
BP Resources Canada 
Petro-Canada 

Conterra Energy Ltd 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Canada Cities Service 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

C & A Companies 
Minerals Research Ltd. 

Canadian Worldwide Energy 

Petro-Canada 

Amoco Canada Petroleum 
AOflA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Inc. 

Japan Oil Sands Company 
Noreen Energy Resources Ltd. 

Petro-Canada 

General Petroleum Company of Egypt 

Gulf Canada Resources Inc. 

lIT Research Institute 
Halliburton Services 
United States Department of Energy

December 1985; page 3-38 

December 1989; page 3-

December 1988; page 3-71 

June 1985; page 3-51 

December 1986; page 3-63 

June 1985; page 3-52 

December 1983: page 3-63 

September 1982; page 3-43 

December 1982; page 3-72 

June 1987; page 3-60 

December 1983; page 3-64 

March 1983; page 3-41 

June 1987; page 3-61 

June 1985; page 3-58 

June 1987; page 3-61 

September 1986; page 3-50 

September 1984; page T-16 

June 1986; page 3-56 

March 1990; page 3-54 

March 1983; page 3-43 

March 1983; page 3-43 
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Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

RTR Pilot Project RTR Oil Sands (Alberta) Ltd. March 1991; page 3-53 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project Solv-Ex Corporation March 1985; page 3-45 

Sarnia-London Road Mining Assisted Project Devran Petroleum December 1988; page 3-62 
Shell Canada 

South Kinsella (Kinsella B) Dome Petroleum December 1988; page 3-76 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 343 

Wahasca Fireflood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources September 1988; page 3-70 
Petro Canada 

200" Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 

stration Project United States Department of Energy
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Prolect Name 

Alberta Energy Company - Burnt Lake Project 343 
Caribou Lake Pilot Project 3-53 
Ipiatik East Project 3-56 
Primrose Lake Commercial Project 3-48 
Syncrude Canada Ltd. 3-50 

Alberta Oil Sands Equity Oslo Project 3-47 
Syncrude Canada Ltd. 3-50 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-52 
and Research Authority (AOSTR.A) Donor Refined Bitumen Process 3-55 

GLISP Project 3-56 
Provost Upper Mannvillc Heavy Oil Steam Pilot 3-60 
Taciuk Processor Pilot 3-62 
Underground Test Facility Project 3-63 

Amoco Canada Petroleum Company, Ltd. Elk Point 345 
CILISP Project 3-55 
lpiatik East Project 3-56 
Lindbergh Commercial Project 3-46 
Lindbergh Thermal Project 3-58 
Morgan Combination Thermal Drive Project 3-58 
Primrose Lake Commercial Project 3-48 
Soars Lake heavy Oil Pilot 3-61 
Underground Test Facility 3-63 

Amoco Production Company Sunnyside Project 349 

Buenaventura Resource Corp. Buenaventura Cold Process Pilot 3-53 

UP Canada Resources Ltd. Jet Leaching Project 3-57 
Wolf Lake Project 3-51 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 3-53 
Technology Underground Test Facility 3-63 

Canadian Hunter Exploration Burnt Lake Project 3-43 

Canadian Occidental Petroleum, Ltd. Eyehill In Situ Combustion Project 3-55 
Hanging Stone Project 3-56 
Oslo Project 3-47 
Provost Upper Mannvillc Heavy Oil Steam Pilot 3-60 
Syncrude Canada Ltd. 3-50 

Canadian Worldwide Energy Corp. Fort Kent Thermal Project 3-56 

CANMET Underground Test Facility 3-63 

C-Il Synfuels Ltd. C-H Synfuels Dredging Project 3-54 

Chevron Canada Resources Ltd.	 - Underground Test Facility 	 . 

Conoco Canada Ltd. Underground Test Facility 3-63 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 3-46 

CS Resources Eyehitl In Situ Combustion Project 3-55 
Pelican-Wabasca Project 3-59 
Pelican Lake Project 3-59 

Deminex Canada Ipiatik East Project 3-56
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Company or Organization Proiect Name 

Devran Petroleum Ltd. Pelican Lake Project 3-59 

Electromagnetic Oil Recovery Inc. Electromagnetic Well Stimulation Process .	 3-44 

I3ncrcor PR Spring Project 3-60 

lZsso Resources Canada Ltd. Athabasca In Situ Pilot Project 3-52 
Cold Lake Project 343 
Esso Cold Lake Pilot Projects 3-55 
Hanging Stone Project 3-56 
Oslo Project 347 
PCEJ Project 3-59 
Provost Upper Mannville Heavy Oil Steam Pilot 3-60 
Syncrude Canada Ltd. 3-50 

GNC Energy Corporation Sunnyside Tar Sands Project 3-49 

Greenwich Oil Corporation Forest Hill Project 3-45 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-55 
Oslo Project 347 
Sandalta 3-61 
Syncrude Canada Ltd. 3-50 

IIBOG Oil Sands Partnership Syncrude Canada Ltd. 3-50 

Home Oil Company Sandalta 3-61 

hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3-52 

husky Oil Operations, Ltd. Athabasca In Situ Pilot Project 3-52 
Battrum In Situ Wet Combustion Project 3-52 
Ri-Provincial Upgrader 3-42 
Caribou Lake Pilot Project 3-53 
Tucker Lake Pilot Project 3-63 

James W. Bunger and Assoc. Inc. Asphalt From Tar Sands 3-42 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-61 
Trade and Industry 

Japan Canadian Oil Sands Ltd. Hanging Stone Project 3-56 
PCFJ Project 3-59 

Kenoco Corporation Kenoco Project 3-58 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-54 
Tar Sand Triangle 3-63 

Koch Exploration Canada Fort Kent Thennal Project 3-56 

CAssociation pour Ia Valorization Donor Refined Bitumen Process 3-55 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-52 
Celtic Heavy Oil Pilot Project 3-54 
Cold Lake Steam Stimulation Program 3-54 
Iron River Pilot Project 3-57 
Sandalta 3-61 
Underground Test Facility 3-63 

Murphy Oil Canada Ltd. Eyehill In Situ Combustion Project 3-55 
Lindbergh Commercial Thermal Recovery Project 346 
Lindbergh Steam Project 3-58 
Provost Upper Mannville Heavy Oil Steam Pilot 3-60 
Tangleflags North 3-62
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Com pany or Organization Project Name 

Newflrade Energy Inc. NewOrade heavy Oil Upgrader 3-46 
Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-60 

Ontario Energy Resources Ltd. Suncor, Inc. Oil Sands Group 3-49 

PanCanadian Petroleum Elk Point Oil Sands Project 345 
1999X Oslo Project . 

Syncrude Canada Ltd. 3-50 

Partec Lavalin Inc. CANMET Ilydrocracking Process 3-53 

Petro-Canada CANMET Ilydrocracking Process 3-53 
Daphne Project 3-44 
GLISP Project 3-56 
Hanging Stone Project 3-56 
Oslo Project 347 
PCFJ Project 3-59 
Syncrude Canada Ltd. 3-50 
Wolf Lake Project 3-51 
Underground Test Facility 3-63 

Research Association for RAPAD Bitumen Upgrading Project 3-61 
Petroleum Alternatives 

Saskatchewan Government NewGradc heavy Oil Upgrader 3-46 

Saskoil Battrum In Situ Wet Combustion Project 3-52 

Sceptre Resources Ltd. Tangleflags North 3-62 

Shell Canada, Ltd. Peace River Complex 3-47 
Scotford Synthetic Crude Refinery 3-48 
Underground Test Facility 3-63 

Solv-Ex Corporation Bitumount Project 342 
PR Spring Project 3-60 

Suncor, Inc. Burnt Lake Project 3-43 
Fort Kent Thermal Project	 • 3-56 
Suncor, Inc. Oil Sands Group 3-49 

Sun Company, Inc. Suncor, Inc. Oil Sands Group 349 

Synco Energy Corporation Synco Sunnyside Project 3-50 

Texaco Inc. Diatomaceous Earth Project 344 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-51 

Uentech Corporation Electromagnetic Well Stimulation Process 3-44 

Underwood McLellan & Associates Taciuk Processor Pilot 3-62 
(UMA Group) 

Unocal Canada, Ltd. Battrum In Situ Wet Combustion Project 3-52 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-52 
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PROJECT ACTW!TIES 

BGL SLAGGING GASIFIER CONSIDERED FOR POWER 
GENERATION 

An update on the British GasfLurgi (BGL) slagging gasifier 
development was given at last fall's Electric Power Research 
Institute Conference on Gasification Power Plants. 

British Gas and Lurgi have developed the BGL fixed bed 
slagging gasifier because of its inherent high efficiency, 
simplicity of operation and the ability to use a wide range of 
coals. More than 99 percent of the sulfur present in the coal 
is removed before the fuel gas is burned in the gas turbine of 
a combined cycle plant. An overall coal to busbar efficiency 
of 43 to 44 percent (fly) can be achieved with nitrogen 
oxide and other emissions well below British national require-
ments. The main factor that is hindering the application of 
this attractive technology, according to the sponsors, is the 
high capital cost of IGCC plants compared with natural gas 
fired units. However, the price of natural gas is expected to 
rise and eventually there will be an economic incentive to 
replace natural gas in power plants by a clean fuel gas 
derived from coal. The BGL gasifier is said to be par-
ticularly suitable for retrofitting such plants because of its 
simple integration. 

Development of the BGL gasifier has progressed to an ad-
vanced stage using a 7.5 foot diameter gasifier with a 
nominal throughput of 500 tons of coal per day at 25 bar 
pressure, at Westfield, Scotland. The gasifier is illustrated in 
Figure 1. Coal in the size range of 2.0 inches to 0.25 inch, 
including some of the fines below this size, is charged 
through a lock hopper to the top of the fuel bed that is con-
tained in a refractory lined pressure vessel. A mixture of 
steam and oxygen is injected through tuyeres into the bottom 
of the fuel bed creating a high temperature combustion zone 
in which the ash is melted to form a free flowing slag that col-
lects in the hearth. Slag is automatically discharged into a 
water quench. 

The program of tests, on Pittsburgh No. 8 and Illinois No. 6 
coals, cosponsored by the Electric Power Research Institute, 
the Gas Research Institute, and the European Community, 
has been completed. Both coals have been successfully 
gasified, the crude product gas has been purified to less than 
1 ppm sulfur in a Rectisol plant and the aqueous liquor has 
been treated to a standard that would allow re-use or dis-
charge. 

Currently, a joint program is in progress with National 
Power, PowerGen (the two new major power generators in 
the United Kingdom), British Coal, the United Kingdom 
Department of Energy and the European Community. The 
aim is to demonstrate the performance and to assess the 
operating characteristics of the BGL gasifier on two in-
digenous coals representative of future bulk supplies of prin-

FIGURE 1 

THE BGL SLAGGING GASIFIER 
lump coal, coal tines 
coal agglomerates 

'V 
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coal lock 

gas 

stirrer 

steam, oxygen	
luyere 

and tar 

slag quench 

cipal interest for United Kingdom power stations, one 
weakly caking, the other medium caking. The coal is being 
screened to separate the lump coal, which then passes 
directly to the gasifier; the fines are briquetted with a 
bitumen binder and blended with the lump coal. 

Gasifier Development and Scaleup 

Progressive development of the gasifier components has con-
tinued. The two main items of attention have been the stir-
rer at the top of the fuel bed and the distribution of steam 
and oxygen at the bottom of the fuel bed. 

A new stirrer with improved cooling, with additional arms 
and new hard facing materials, located slightly deeper within 
the gasifier bed, has given excellent results at lower rota-
tional speeds than previously used. It insures that strongly 
caking coals are completely carbonized and converted to 
free-flowing solids that pass to the lower gasification bed. 
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At the bottom of the fuel bed there has been a simplification 
of the tuyere configuration to optimize the number and posi-
tion of the "raceways" created in the fuel bed by the 
steam/oxygen blast, with the intention of inducing a more 
uniform flow of solids down the fuel bed. This has enhanced 
operation at both high and low loads and it is expected to 
lead the way to substantial reductions in flux requirements. 

The distribution of coal at the top of the bed and the steam 
and oxygen at the bottom of the bed, and the drainage of 
slag to the tap hole are the key factors for scaleup to larger 
gasifiers. Lurgi has already built dry ash gasifiers of 4 meter 
and 5 meter diameter with a history of successful and reli-
able operation, so fuel distribution at the top is well under-
stood. Experience at Westfield plus the modeling techniques 
now available indicate that the appropriate selection of the 
number, the position, and the blast velocity of the tuyeres 
will enable single gasifiers with a throughput of up to 
2.000 tons of coal per day to be designed. 

British Gas and Lurgi are cooperating with leading gas 
turbine/combined cycle vendors worldwide for projects and 
studies. A number of important demonstration plant 
projects in the United States and Europe are being pursued, 
some of which are briefly described below. 

Sonderjyllands Hojspaendingsvaerk/Denmark 

In this project a plant based on coal gasification will be com-
bined with an existing 600 megawatt conventional coal-fired 
plant. The new plant will include an air separation unit and 
two V 643 gas turbines from KWU. The heat from the gas 
turbine flue gases will be used for preheating boiler feed-
water in the existing power plant. The total additional 
capacity will be about 165 megawatts electrical. Imported 
coal will be used, as in the existing plant. 

Endesa, Spain 

This project is based on the use of local Puertollano coal 
with an ash content of 20 percent to generate 307 megawatts 
of power. A single gasifier and a gas purification train using 
Purisol will supply clean fuel gas to a saturator and then to a 
VEGA 109F, GEC-Althom gas turbine. The air separation 
unit is integrated with the gas turbine compressor. 

Sulcis, Italy 

CIPE. the Interministerial Committee for Energy, has an-
nounced a plan to build an IGCC plant based on Sulcis coal. 
Sulcis coal is known for its very high sulfur content of typi-
cally 5 to 7 percent weight. Thus the IGCC route is really 
the only environmentally acceptable way to use this 
feedstock. The IGCC technology can deal with any coal sul-
fur content and reduces S0 2

emissions to values comparable 
to those of natural gas.

The plant will be built in two streams of 170 megawatts each. 
BGL is one of the main contenders for this project. 

Studies 

A study is being undertaken for the Electric Power Research 
Institute (EPRI) which will consider the effect on power gen-
eration costs, etc., of two different coal fines gasification tech-
niques, oxygen purity and liquor treatment routes. Following 
an earlier study, the United Kingdom Department of Energy 
has commissioned a study to show the effects of decreasing 
module size from 660 to 300 megawatts and also incorporat-
ing an optimized BGL plant concept. 

ENCOAL CONSTRUCTION PROCEEDING TO 
YEAR-END COMPLETION 

The concrete foundation for ENCOAL's clean coal 
demonstration plant in Wyoming required the efforts of 
119 people working in shifts through a marathon 32-hour ses-
sion. The concrete pour of nearly 3,000 cubic yards was the 
largest continuous pour ever done in Wyoming. 

M.W. Kellogg is providing engineering, procurement and 
construction of the plant near Gillette, Wyoming. 

The record pour involved 4 cement trucks, which hauled the 
cement 150 miles from Rapid City, South Dakota, and 
14 concrete trucks, which hauled the concrete from the batch 
plant to the construction site. The trucks and other vehicles 
involved in the operation logged a total of 40,000 miles 
during the pour. 

ENCOAL's plant will use SGI International's Liquids from 
Coal (LIt) process to convert about 1,000 tons a day of sub-
bituminous coal into two low-sulfur fuels—a solid similar to 
bituminous coal and a liquid similar to No. 6 fuel oil. The 
daily yield from the plant is expected to be about 500 tons of 
solid fuel and about 500 barrels of liquid fuel. The feedstock 
coal will come from Wyoming's Powder River Basin. 

The two low sulfur fuels are expected to be environmentally 
attractive for use in electric utility and industrial boilers. 
The low sulfur fuel market has the potential for rapid expan-
sion because of environmental constraints called for in the 
Clean Air Act Amendments of 1990. 

The $72.6 million project is scheduled to be completed and 
producing fuel by early 1992. About 100 people will be 
employed during construction of the plant and 15 people will 
be required for plant operation. The United States Depart-
ment of Energy is providing 50 percent of the funding for the 
project under Round 3 of its Clean Coal Technology 
Program.
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ENCOAL's demonstration is aimed at facilitating commer-
cialization of the LFC process. According to an SC)! spokes-
man, construction of large scale LFC facilities, in the range 
of 10,000 to 100,000 tons of coal per day, could begin as early 
as late 1992, with plant operations beginning in 1994 or 
1995.

##1# 

STATUS OF CLEAN COAL TECHNOLOGY PROJECTS 
UPDATED 

The 35 projects selected in the first 3 rounds of solicitations 
for the United States Department of Energy's Clean Coal 
Technology program are fisted in Table 1 by technology 
category. The map in Figure 1 (page 4-6) shows the location 
of each of these projects and indicates under which round of 
solicitations the project was selected. 

The first cooperative agreements for Clean Coal Technology 
projects were signed in 1987 for projects selected in Round 1 
of the solicitations. Work on these projects is well advanced; 
one project is completed and a second project is nearing 
completion. 

In addition to the active Round 1 projects, a project with 
TRW to demonstrate an advanced slagging combustor at a 
New York utility ended after the design phase. Unable to 
secure the private-sector funds necessary to cover cost 
growth uncovered during the site-specific design activities, 
the project could not proceed into the construction phase. 

Following are brief descriptions of the Round 1 Clean Coal 
Technology projects. 

Coal Tech Corporation: Advanced Cyclone Combustor 

The objective of this project was to demonstrate that an air-
cooled cyclone coal combustor could capture up to 
90 percent of the coal ash and reject it as a molten slag, that 
NO  emissions could be held to 100 ppm

'
and that SO 7 emis-

sions could be reduced by up to 90 percent, all witifin the 
combustor. The NO  reduction is achieved by staged com-
bustion and SO2 is captured by injection of limestone into 
the combustor. The air-cooled, slagging combustor is in-
stalled on a 23 million BTU per hour package boiler at the 
Tampella-Keeler plant in Williamsport, Pennsylvania. 

Coal Tech concluded the combustor testing in May 1990 with 
four 4-day duration tests. The final report describing the ac-
complishments of the project was expected to be completed 
in February 1991. Indications are that the Coal Tech com-
bustor:

Can successfully be retrofitted to oil-fired industrial 
package boilers and operate efficiently over a wide 
stoichiometric range of air to coal

Will reduce coal-derived NO emissions by ap-
proximately three-fourths 

Will, on average, reject 55 percent of the mineral 
matter in the coal from the combustor as molten 
slag 

Will capture and remove with the slag about 
10 percent of the sulfur contained in coal 

Coal Tech tests also indicate that over 80 percent sulfur 
removal can be achieved through a combination of sorbent 
injection into and down stream of the combustor. Coal Tech 
has concluded that its aft-cooled combustor design concept is 
ready for scaleup to a 100 million BTU per hour 
commercial/utility size. 

Energy and Environmental Research: Gas Reburning-
Sorbent Injection 

Energy and Environmental Research (EER) is conducting 
two full-scale utility demonstrations to show that the com-
bination of gas reburning and sorbent injection (GR-SI) can 
reduce NO and SO2 emissions from pre-NSPS (New Source 
Performance Standards) boilers by 60 percent and by 
50 percent, respectively. The technology is being 
demonstrated on an Illinois Power (I?) tangentially fired 72-
megawatt boiler at Hennepin, Illinois, and on a City Water 
Light and Power (CWLP) 33-megawatt cyclone fired boiler 
in Springfield, Illinois. The project is scheduled for comple-
tion in August 1993. 

SO control will be achieved through the injection of sorbent 
in tie upper furnace and possibly into the duct downstream 
of the furnace. Precipitator performance will be enhanced 
through the use of humidification and SO  injection. 

The tangentially fired boiler at Hennepin began operating in 
January 1991. Several preliminary 2-hour tests of gas reburn-
ing only have produced a 68 percent decrease in NO emis- 
sions. Preliminary sorbent injection testing was scheduled to 
start in March 1991. 

Construction of the cyclone fired boiler at CWLP is expected 
to be completed in June 1991. Testing is expected to be com-
pleted in August 1993. 

Babcock & Wilcox: Limestone Injection Multistage Burner 
(LIMB) Demonstration Project Extension 

In a two-part project to demonstrate retrofit acid rain precur-
sor technologies, one part will demonstrate the LIMB 
process with a variety of coals and sorbents. Objectives are 
NO and SO  emission reductions of 50 to 60 percent at a 
capital cost at least $100 per kilowatt less than that for wet 
scrubbers. Babcock & Wilcox concluded a full-scale 
demonstration of the LIMB technology on a 105-megawatt 
wall fired utility boiler last summer. l'his project will 
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Precombuslion Cleaning 
Coal Preparation ADD Combustion Engineering, Inc. 

and CC), Inc. 
Western Energy Company

Development of the Coal Quality Expert 

Advanced Coal Conversion Process Demonstration

Ca-I 

Ca-I 

Clean Combustion 
Advanced Combustion 

Fluidized-Bed Combustion 
Atmospheric Circulating

Alaska Industrial Development and 
Export Authority 

The Babcock& Wilcox Company 

The Babcock & Wilcox Company 

The Babcock & Wilcox Company 
Coal Tech Corporation 

Energy and Environmental Research 
Corporation 

Energy and Environmental Research 
Corporation 

Southern Company Services, Inc. 

Southern Company Services, Inc. 

TransAlta Resources Investment 
Corporation 

The City of Tallahassee 

Colorado-Ute Electric Association Inc. 

Pressurized	 The Ohio Power Company and The 
Appalachian Power Company 

The Ohio Power Company 
Daiiyland Power Cooperative 

Posltombusliot Cleaning 
Flue Gas Cleanup-	 ADD Combustion Engineering. Inc. 

Combined S02 /NO.	 The Babcock & Wilcox Company 

Control
The Babcock & Wilcox Conspanv 

MK-Ferguson Company 

Public Service Company of Colorado

TABLE I

CLEAN COAL TECHNOLOGY DEMONSTRATION PROJECI'S, BY TECHNOLOGY CATEGORY 

Technolory Catezory
	 Project Snonsor

	 Demonstration Prciect
	 Solicitation 

Healy Clean Coal Project 

Demonstration of Coal Reburning for Cyclone 
Boiler NO Control 

Full-Scale Demonstration of Low NOI Cell-Burner 
Retrofit 

LIMB Demonstration Project Extension' 
Advanced Cyclone Combustor with Integral Sulfur, 

Nitrogen, and Ash Control 
Enhancing the Use of Coals by Gas Reburning and 
Sorbent Injection 

Evaluation of Gas Reburning and Low NO , Burners 
on a Wall-Fired Boiler 

Demonstration of Advanced Combustion Tech-
niques fora Wall-Fired Boiler 

180-MWe Demonstration of Advanced Tangentially 
Fired Combustion Techniques for the Reduction of 
NO Emissions for Coal Fired Boilers 

Low '4OJSO Burner Retrofit for Utility Cyclone 
Boilers 

A,vah B. Hopkins Circulating Fluidized Bed Re-
powering Project 

Nucla CFB Demonstration Project 

PFBC Utility Demonstration Project 

Tidd PFBC Demonstration Project 
Alma PCFB Repowering Project 

WSA-SNOX flue Gas Cleaning Demonstration 
LIMB Demonstration Project Extension (Coolside 

Only)a 
SO -NO -RO Box flue Gas Cleanup Demon-

I	 I	 I 
stration Project 

Commercial Demonstration of the NOXSO 502' 
NO Removal flue Gas Cleanup System 

Integrated Dry NOJSO2 Emission Control System 

Ca-Ill 

Ca-II 

Ca-Ill 

Ca-I 
Ca-I 

Ca-I 

Ca-Ill 

Ca-11 

Ca-II 

Ca-II 

Ca-I 

Ca-I 

CC4I 

Ca-i 
Ca-Ill 

Ca-11 
Ca-i 

Ca-11 

CCflII 

Ca-Ill 

Flue Gas Cleanup-	 Southern Company Services, Inc. 	 Demonstration of Selective Catalytic Reduction	 CCMI 

NO Control	 Technology for the Control of NO Emissions from 
High-Sulfur Coal Fired Boilers 

flue Gas Cleanp-	 Airpol, Inc.	 10-MW Demonstration of Gas Suspension Absorption Ca-Ill 

502 Control	 Bechtel Corporation 	 Cotifined Zone Dispersion flue Gas Desulfur- 	 Ca-ill 

ization Demonstration 
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TABLE I (Continued) 

Bethlehem Steel Corporation Innovative Coke Oven Gas Cleaning System for CC-II 
Retrofit Applications 

LIPAC - North America LIFAC Sottent Injection Desulfurization Demon- CC-Ill 
station Project 

Passamaquoddy Tribe Cement Kiln flue Gas Recovery Scrubber CC-II 
Pure Air Advanced flue Gas Desulfurization Demonstration CC-I1 

Project 
Southern Company Services, Inc. Demonstration of Innovative Applications of Tech- CC-II 

nology for the C17-121 FGD Process 

Coal Conversion 
Gasification Combined AEB Combustion Engineering, Inc. Combustion Engineering IGCC Repowering Project CC-11 
Cycle Systems Clean Power Cogeneration Limited Air-Blown/Integrated Gasification Combined Cycle Ca-Ill 

Partnership Project 

Mild Gasification ENCOAL Corporation ENCOAL Mild Coal Gasification Project Ca-Ill 

Coal liquefaction Air Products and Chemicals, Inc. and Commercial-Scale Demonstration of the liquid- Ca-Ill 
Dakota Gasification Company Phase Methanol Process 

Ohio Clean Fuels Inc. Prototype Commercial Coal/Oil Coprocessing Plant Ca-I 

Direct Coal Use Bethlehem Steel Corporation Blast Furnace Granulated-Coal Injection System Ca-Ill 
in lion Making Demonstration Project 

Two technologies are being demonstrated in this project: LIMB, which uses sorbent injection in the boiler, and Coolside, which uses sorberit injection 
downstream of the boiler.

evaluate LIMB performance with additional coals and sor-
bents, utilizing XCL low NOx burners installed during the 
previous testing. 

The other part of the program includes full-scale demonstra-
tion of Consolidation Coal Company's toolside" process for 
SO2 control. Babcock & Wilcox has tested two sorbents and 
one coal to demonstrate that the Coolside process for in-
duct sorbent injection upstream of a humidifier can achieve 
SO2 removal of up to 70 percent. Both the LIMB and Cool- 
side demonstrations are being done at Ohio Edison's 
Edgewater Station in Lorain, Ohio. 

Planned testing of the Coolside process has been successfully 
completed. A final report on the Coolside work is expected 
to be available to the public this September. Preliminary 
analysis indicates up to 70 percent SO, removal at a 2:1 ratio 
of Ca to S. NO testing indicated a 15 to 45 percent reduc-
tion from baseline emissions with some increase in unburned 
carbon, especially at higher NO reductions 

Initial testing of the LIMB technology showed that the exist-
ing electrostatic precipitator could not continue to remove 
the particulate load when injecting sorbent into the boiler. 
Testing confirmed that use of humidification in conjunction 
with LIMB would solve the particulate removal problem.

The tests also indicated enhancement of SO  removal in the 
LIMB project due to the humidification. 

LIMB extension testing began shortly after Coolside testing 
concluded in early 1990. Four sorbents and three coals in 
several combinations have been tested and more coal and 
sorbent tests will be performed. Testing for the overall 
project is scheduled to be completed in mid-1991. 

Colorado-Ute Electric Association, inc.: Nucla CFB 
Demonstration Project 

Since operation began in August 1988, more than 
13,000 hours have been logged while completing a planned 
test matrix on a 110-megawatt atmospheric circulating 
fluidized bed (CFB) boiler at Colorado-Ute's station at 
Nucla, Colorado. The project is expected to achieve reduc-
tions in SO2 emissions of more than 90 percent and reduc-
tions in NO emissions of 60 percent, while achieving an ef- 
ficiency rate of 34 percent. 

Tests successfully demonstrated that New Source Perfor-
mance Standards targets for SO 2 and NO emissions have 
been achieved with this technology. Even with delays for 
repairs and plant modifications, the project is nearing 
completion. The testing schedule was extended to March

- 
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FIGURE 1 

GEOGRAPHIC LOCATIONS OF CLEAN COAL TECHNOLOGY PROJECTS 
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1991 to determine the optimum operating conditions and per-
formance with an alternate coal. 

Ohio Clean Fuels, Inc.: Coal/Oil Coprocessing 

Ohio Clean Fuels (OCF) proposed to build a prototype com-
mercial coal/oil coprocessing plant in Warren, Ohio that will 
produce clean liquid fuels from high-sulfur, high-nitrogen, 
bituminous coal; poor-quality petroleum residuum; and 
natural gas. Hydrocarbon Research, Inc.'s (HRI) 
proprietary ebullated-bed reactor technology will be used. 
The prototype plant will process 800 tons per day of coal 
plus sufficient residuum to yield 11,750 barrels per day of 
clean distillate products. 

Phase I design activities were initiated in December 1987 
and are continuing. Several technology reports were com-

pleted by OCF and are now available through the National 
Technical Information Service. 

In June 1990, OCE received a time extension of 6 months. 
The Pittsburgh Energy Technology Center completed several 
studies that show favorable economics for integrating a 
coprocessing plant with an existing oil refinery. The results 
of one such study at Amoco's Texas City refinery were 
presented at the Pittsburgh Coal Conference in September 
1990. In late 1990, several organizations expressed interest 
in conducting a coal oil coprocessing refinery demonstration 
project. As a result, OCF requested and received an addi-
tional time extension to further evaluate the project and 
develop a specific project implementation plan. 
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Ohio Power Company: 'fldd PFBC Demonstration Project 

Construction of a pressurized fluidized bed boiler was com-
pleted at the project site in Brilliant, Ohio in 1990. 
Electricity was generated for the first time on December 6, 
1990, with the plant operating in a combined cycle mode. 
Operation is scheduled to continue through 1993. A topical 
report, "Tidd: The Nation's First PFBC Combined Cycle 
Demonstration," was published in 1990. 

The project encompasses the design, construction and opera-
tion of a 70-megawatt pressurized fluidized bed combustor 
(PFBC) combined cycle demonstration facility. The PFBC 
unit is expected to reduce 502 emissions by 90 percent and 

N0 emissions by 70 percent. 

The American Electric Power Service Corporation is con-
ducting the project on behalf of the Ohio Power Company. 
Successful demonstration of this technology will provide the 
basis for a 330-megawatt PFBC demonstration at the Philip 
Sporn plant under Round 2 of the Clean Coal Technology 
program. 

Western Energy Company: Advanced Coal Conversion 
Process Demonstration 

This project 
will 

demonstrate a new coal drying process 
coupled with physical coal cleaning techniques to upgrade 
high moisture, low rank coals by removal of moisture, sulfur, 
and ash. The objective of the 5.5-year project is to construct 
and demonstrate an advanced coal cleaning and processing 
facility to be located in Colstrip, Montana. The 45 ton per 
hour unit will be located at Western Energy's Rosebud mine, 
adjacent to a unit train loading facility. Low-rank western 
coals normally contain moisture content of 25 to 55 percent, 
sulfur content of 0.5 to 1.5 percent, and heating value of 
4,500 to 9,000 BTU per pound. The process is expected to 
produce a stable, upgraded coal with a moisture content as 
low as 1 percent, sulfur content as low as 03 percent, and 
heating value up to 12,000 BTU per pound. 

Western Energy is ahead of the projected schedule and has 
indicated a desire to proceed into construction prior to the 
September 1991 construction date. Construction and startup 
will last 18 months, followed by 36 months of operation. The 
overall project is scheduled for 66 months, ending in the 
spring of 1996. 

Combustion Engineering Inc. and CQ Inc- Coal Quality 
Expert for Reducing Emissions and Power Production 
Costs 

This project will demonstrate a computer system, called the 
"Coal Quality Expert," to predict the economic, operational 
and environmental benefits of using commercially cleaned 
coals to enable coal-burning utilities to select the best quality 
coal for their particular boiler. The project, based in Homer 
City, Pennsylvania, consists of two activities:

Testing and data gathering, which involves op-
timization of coal quality for combustion in dif-
ferent types of coal-burning utilities 

- Development of a coal quality expert system, a com-
puter program that can emulate human reasoning 
in a specified area of knowledge 

The data will be used to develop a computer model that will 
predict the performance of commercially available cleaned 
coals with regard to site-specific total plant performance, 
e.g., pulverization characteristics, combustion performance, 
fireside performance, and emissions. The expert system will 
also contain a coal cleaning cost model, a new plant construc-
tion model and a coal transportation model. 

The cooperative agreement, awarded in June 1990, requires 
6 field tests on 12 coals to be performed on commercial scale 
boilers. The first field test was performed between August 
1990 and December 1990 at PSC of Oklahoma. The test in-
volved two types of coal, Wyoming and Oklahoma, tested 
with three different blends. The purpose of the test was to 
determine slagging characteristics from the blended coals. 
The second field test was conducted during October and 
November 1990 at Mississippi Power Company's plant in 
Gulfport, Mississippi. The operational impacts of two dif-
ferent coals, Jader and an Island Creek coal, were evaluated 
to assist in planning future coal procurements. 

City of Tallahassee, Florida: Arvah B. Hopkins Circulating 
Fluidized Bed Repowering Project 

The City of Tallahassee will demonstrate Foster Wheeler's 
atmospheric circulating fluidized bed combustor (CFBC) at 
its Arvah B. Hopkins power station. The 250-megawatt 
ACFB demonstration is expected to verify the technology's 
economic, environmental and technical performance expecta-
tions. The technology is expected to achieve SO, removal of 
more than 90 percent, NO  emission reauctions of 
60 percent, and a steam efficiency of 88 percent. 

The project involves repowering an existing steam electric 
power plant by using an ACFB boiler scaled up by 1.7:1 from 
previously constructed facilities. A coal fired ACFB steam 
generating system will replace the existing oil or gas fired 
steam generating system used to drive a steam turbine. 

The cooperative agreement was awarded in November 1990, 
and project design is under way. The environmental informa-
tion for the National Environmental Policy Act compliance 
process has been submitted. 

Following are brief descriptions of the 13 Round 2 Clean 
Coal Technology projects. 
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Pure Air Advanced Flue Gas DesulfUrizatlon (AFGD) 
Demonstration 

Pure Air, with the cooperation of Northern Indiana Public 
Service Company, will install an advanced wet limestone 
FGD system at a 528-megawatt facility near Gary, Indiana. 
The project seeks to demonstrate SO 2 emission reductions 
of 90 to 95 percent with net operating costs of only 1 to 
2 mills per kilowatt-hour. A combination of several innova-
the technologies could reduce capital costs for future FGD 
facilities to $135 to $150 per kilowatt. 

Technical features of the project include the treatment of all 
flue gases from two utility boilers with a single 100-percent-
capacity 528-megawatt scrubber module; the use of a 
single-loop process (high velocity cocurrent scrubbing), 
together with improved in situ oxidation, to produce 
commercial-gradegypsum; and a new wastewater evapora-
tion system capable of providing zero discharge of water ef-
fluent. A variety of high-sulfur coals will be used. 

Design activities are virtually completed, and construction 
work is well under way. All project activity is on schedule 
with the start of operations slated for the summer of 1992. If 
the 3-year demonstration proves successful, Pure Air will con-
tinue to own and operate the AFGD facility for Northern 
Indiana on a long-term contractual basis. 

Southern Company Services: Chiyoda Thoroughbred-121 
(CT-121) Flue Gas DesulI'tarizatlon (FGD) Process 

Southern Company Services (SCS) will retrofit a CT-121 
FGD system to a Georgia Power Company 100-megawatt 
unit in Newnan, Georgia. The project expects to 
demonstrate 90 percent SO 2 control at high reliability, both 
with and without simultaneous particulate control. The tech-
nology is a second-generation FGD process developed 
originally by Chiyoda Corporation of Japan. The process 
employs a unique absorber design, called a jet bubbling reac-
tor (JBR), to combine conventional limestone FGD 
chemistry, forced oxidation, and gypsum crystallization in a 
single reaction vessel. The project will include demonstra-
tion, at utility scale, of the use of fiberglass-reinforced plastic 
construction for the .JBR and simultaneous S02/particulate 
removal in the same vessel. 

Operation is scheduled to start in September 1992 and to be 
completed in January 1997. 

Combustion Engineering, Inc-- IGCC Repowering Project 

ABB Combustion Engineering, Inc. will repower the City 
Water, Light and Power Lakeside station at Springfield, Il-
linois using its integrated gasification combined cycle 
(IGCC) system. The project will demonstrate an advanced 
dry-feed, air blown, two-stage entrained-flow coal gasifier 
with limestone injection and the moving bed zinc ferrite hot 
gas cleanup system.

Particulate emissions are removed from the coal-handling sys-
tem and gas stream by a combination of cyclone separators 
and bagbouses. A high percentage of particulates are fed 
back to the gasifier for more complete reaction and ultimate 
removal with the slag. 

The cleaned low-BTU gas is routed to a combined cycle sys-
tem for electric power production. Approximately 
40 megawatts will be generated by a gas turbine. Exhaust 
gases from the gas turbine are used to produce steam which 
is fed to a bottoming cycle to generate an additional 
25 megawatts. 

Project design is projected to be completed in November 
1991, when construction activities are scheduled to begin. 

Southern Company Services: Advanced Wall Fired 
Combustion Techniques for NO Reduction 

The project objective is to demonstrate three advanced NO 
control techniques for retrofit onto wall fired, pulverizct 
coal boilers: advanced overfire air (AOFA); second genera-
tion, low-NO burner (LNB); and LNB with AOFA. Lo-
cated at the d'eorgia Power Company's plant in Coosa, Geor-
gia, the demonstration employs a typical 500-megawatt wall 
fired boiler. The project will test the three technologies for 
NO reduction capabilities, performance characteristics, cost 
effectiveness, and applicability to a variety of wall fired 
boilers. 

The AOFA ports incorporate separate injection port and 
duct configurations that are designed to provide increased 
air penetration velocities. 

Foster Wheeler, who designed the advanced air ports, will 
retrofit their modified Controlled Row-Split Flame (CFSF) 
burner into the plant's existing wall penetrations after 
removal of the 24 Intervane burners. The CFSF burner 
separates the fuel and air streams in the primary combustion 
zone, allowing low NO operation with shorter combustion 
flames. 

Fabrication of the 24 low NO burners is complete, and in- 
stallation, followed by startup and characterization, was 
scheduled to begin in April 1991. 

Southern Company Services: Advanced Tangentially Fired 
Combustion Techniques for NOx Reduction 

Southern Company Services, Inc. plans to demonstrate 
several advanced NO control technologies for retrofit onto 
a tangentially fired, pulverized-coal boiler: advanced overfire 
air; a low NO concentric firing system (LNCFS); and a clus-
tered concentric tangential firing system (CCTFS). These 
technologies will be applied to a typical 180-megawatt tangen-
tially fared boiler at Gulf Power Company's plant in Lynn 
Haven, Florida. The performance and NOx reduction 
capabilities of each technology will be evaluated.

- 
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Overfire air involves injecting a portion of the combustion 
air above the flame zone to complete combustion. The 
lower oxygen content in the flame zone promotes NO 1 reduc- 
tion. The LNCF'S separates the fuel and air streams in the 
firing arrangement, decreasing NO and furnace wall slag- 
ging. The CCTFS combines several NO1 reduction tech- 
niques with clustered coal nozzles providing better NO con- 
trol over the load range. The combination is expected to 
reduce NO by over 50 percent. 

After the cooperative agreement was signed in September 
1990, Asea Brown Boveri Combustion Engineering proposed 
advanced versions of its low NO burner technology. The 
low NO technology is now calleä Low NO Bulk Furnace 
Staging 'LNBFS) and Low NO, Concentric Firing System 
(LNCFS) Levels 1, 11, and HI. 

Short-term and long-term baseline tests were conducted in 
late 1990 and early 1991. LNBFS and LNCFS Level H was 
scheduled for installation in April 1991. Long-term perfor-
mance testing is scheduled for mid-1991. LNCFS Levels I 
and Ill will be retrofitted in the fourth quarter 1991, and 
operational testing will then continue into 1992. 

Southern Company Services: Selective Catalytic Reduction 
(SCR) Technology for Reduction of NO 

This project will demonstrate SCR technology as a cost-
effective means of reducing nitrogen oxide emissions from 
power plants using high-sulfur coal. Located at a 75-
megawatt unit of Gulf Power Company's plant near Pen-
sacola, Florida, the demonstration plant will have access to 
flue gas from burning approximately 3 percent sulfur coal 
under  variety of NO1 and particulate levels. Several com-
mercial SCR catalysts will be evaluated. If the demonstra-
tion succeeds, it will show that SCR can achieve ap-
proximately 80 percent reduction of NO  emissions from 
utility boilers firing high-sulfur coals. 

DOE signed the cooperative agreement in June 1990. 
Detailed measurement of baseline flue gas conditions are 
now complete. The project is currently in the design phase 
with preliminary engineering nearing completion. 

TransAlta Resources Investment Corporation: Low 
N01/S01 Burner Retrofit for Utility Cyclone Boilers 

The TransAlta project will retrofit low NO 1/5O1 (INS) bur-
ners and a coal pulverizer system on a 33-mógawatt cyclone 
boiler at Southern Illinois Power Cooperative's plant in 
Marion, Illinois. The LNS burner is a pulverized-coal fired, 
entrained-flow combustion system with staged combustion. 
Calcium in the form of limestone is added to the coal. In the 
combustion process a large fraction of the coal is gasified, 
freeing the sulfur to allow for sulfur capture in a solid 
calcium-sulfur form.

Two LNS burners, each rated at 200 million BTU per hour, 
will be retrofitted onto the existing cyclone boiler and are 
expected to reduce 502 emissions by up to 90 percent and 
control NO1 emissions to less than 0.2 pounds per million 

The cooperative agreement was signed in June 1990 and 
design and construction activities are underway. Construc-
tion will be complete by August 1991 and testing and opera-
tions will then be conducted until May 1992. 

Ohio Power Company and Appalachian Power Company: 
PFBC Utility Demonstration Project 

American Electric Power Service Corporation plans to 
demonstrate ASEA Babcock's pressurized fluidized bed com-
bustion (PFBC) technology at Ohio Power's and Ap-
palachian Power's Philip Sporn plant in New Haven, West 
Virginia. 

The project entails replacement of two 150-megawatt units at 
the plant with a single 330-megawatt unit. This project repre-
sents a four fold scale-up of the technology, the world's 
largest PFBC and the first commercial application of PFBC 
in the United States. The project goal is to achieve 
90 percent SO  reduction, at least 70 percent NO, reduction 
and an efficiency of 39 percent in a repowering mode using 
the existing steam system. 

The technology uses a bubbling fluidized bed boiler enclosed 
in a pressure vessel operated at 16 atmospheres to produce 
combustion gases with sufficient energy to drive a gas tur-
bine. 

Major design activities are scheduled for 1993, following the 
completion of the Tidd Project under Round 1 of the Clean 
Coal Technology program. 

Babcock & Wilcox: Coal Reburning for Cyclone Boiler NO, 
Control 

The objective of this project is to show that coal can be used 
as a reburning fuel for reducing NO in a coal fired cyclone 
boiler. Coal-burning reburners aná overfire air ports are 
being retrofitted onto Wisconsin Power & Light Company's 
100-megawatt Nelson Dewey plant cyclone boiler located in 
Cassville, Wisconsin. The demonstration seeks to achieve a 
50 percent NO1 reduction with no resultant decrease in 
boiler performance or efficiency. The reburning technology 
is expected to be applicable to all cyclone boilers larger than 
80 megawatts. 

The cooperative agreement was awarded in April 1990. 
Design and permitting activities were to be completed in late 
March 1991. The project is scheduled to be completed in 
March 1993.
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Combustion Engineering Inc.: WSA-SNOX Technology for 
Catalytically Reducing SO  and NO  From Flue Gas 

The project will demonstrate the SO /NO5 reduction ef-
ficiencies of the WSA-SNOX technoiogy on an electric 
power plant firing high-sulfur Ohio coal. A 35-megawatt 
demonstration will be conducted by retrofitting a 100-
megawatt existing power plant at the Ohio Edison station in 
Niles, Ohio. The WSA-SNOX technology is a flue gas 
cleanup technology that catalytically removes 95 percent of 
the SO2! 90 percent of the NO x and over 99 percent of par- 
ticulate emissions. The process uses no sorbents and forms 
no waste products. Sulfur dioxide is converted to byproduct 
concentrated sulfuric add. 

Construction is ongoing and is scheduled to be completed by 
the fall of 1991. 

Babcock & Wilcox: SO 
S S S 
-NO -RO -BOX (SNRB) Process 

The SNRB process combines the removal of 502! NO and 
particulates in one unit—a high-temperature baghouse. This 
technology will be demonstrated by retrofitting a 5-megawatt 
slipstream of flue gas at Ohio Edison's station in Dilles Bot-
tom, Ohio. The SO 2 removal is accomplished by injecting 
either a calcium or sodium-based sorbent into the flue gas at 
the economizer outlet. Then, NH 3 is injected to selectively 
reduce NO to nitrogen and water in the presence of 
Norton's 9C-300 catalyst. Particulates are removed 
upstream of both the air heater and the SCR catalyst with 
high-temperature Nextel ceramic filter bags. The demonstra-
tion expects to show that a single SNRB unit can achieve 
SOX removals of about 70 percent. NO x removals of 
90 percent, and particulate removals of more than 
99 percent. 

Construction was scheduled to begin in April 1991. Startup 
activities are scheduled to be completed in February 1992, 
and the project is scheduled for completion in January 1993. 

Bethlehem Steel: Innovative Coke Oven Gas Cleaning 

This project will demonstrate, at Bethlehem Steel 
Corporation's Sparrows Point, Maryland plant, an integrated 
gas cleaning system that can be retrofitted onto coke ovens 
to address a variety of environmental and operational 
problems in a cost-effective manner. The project plans to 
show that this simpler, more reliable, and less costly system 
can achieve low emissions of SO 2 and volatile organic com-
pounds. 

The integrated coke oven gas cleaning system combines four 
cleanup operations: 

Secondary gas cooling with hydrogen sulfide and 
ammonia removal 

- Hydrogen sulfide and ammonia recovery

- Ammonia destruction 

- Sulfur recovery 

When the cleaned coke oven gas is burned within the steel 
plant, emissions of SO  are reduced by more than 
60 percent. Target concentrations for hydrogen sulfide and 
ammonia in the clean coke oven gas stream arc 70 and 
4 grains per 100 standard cubic feet, respectively. The secon-
dary gas cooling system results in reduced coke oven gas tem-
perature required to achieve the targeted concentrations of 
hydrogen sulfide and ammonia in the cleaned coke oven gas, 
and also minimizes volatile organic compound emissions by 
eliminating the direct atmospheric contact practiced in con-
ventional cooling systems. 

Detailed design is complete with construction activities well 
under way. All activity is on schedule for the planned start 
of operations in March of 1992. 

Passamaquoddy Tribe: Innovative SO  Scrubbing System 
for Coal-Burning Cement Kilns 

The Passamaquoddy Tribe will demonstrate their "Recovery 
Scrubber," a technology to reduce SO, emissions from coal- 
burning cement kilns by more than t)0 percent using kiln 
waste dust as the scrubbing reagent. The process generates 
no wastes and produces both a recycle stream for feeding to 
the kiln and potentially salable byproducts—potassium-based 
fertilizer and distilled water. The scrubbing system will be 
retrofitted onto the Dragon Products cement plant in 
Thomaston, Maine. The scrubber will treat the entire gas 
stream from the cement kiln, which has a capacity of 
470,000 tons per year of cement. A heat 
exchanger/evaporative crystallizer will be used to recover 
the fertilizer byproducts. 

Construction has progressed on schedule and is virtually com-
plete. Initial startup testing of the process has achieved SO2 
removal in excess of 90 percent. The Tribe is currently ex-
ploring commercial opportunities for this technology in the 
utility, paper mill and waste disposal industries. 

Following are brief descriptions of the 13 projects selected in 
Round 3 of the Clean Coal Technology program. 

Bethlehem Steel Corporation: Blast Furnace Granulated-
Coal Injection System Demonstration Project 

Bethlehem Steel Corporation will use British Steel's blast fur-
nace granulated-coal injection (BFGCI) process to 
demonstrate that existing iron-making blast furnaces can be 
retrofitted with BFGCI technology. Two high-capacity blast 
furnaces at Bethlehem Steel's plant at Burns Harbor, In-
diana are being retrofitted with this technology. Each unit 
has a production capacity of 7,000 net tons per day of hot 
metal.
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In the BFGCI process, both granulated and pulverized coal 
is injected into the blast furnace in place of natural gas or oil 
as a blast furnace fuel supplement. Coal injection should 
enhance blast furnace production rates because it does not 
lower the raceway temperature as much as gas injection 
does. The injected coal also displaces coke, on ap-
proximately a pound-for-pound basis, by as much as 
40 percent of the total coke requirement. 

The cooperative agreement was awarded in November 1990. 
Design is under way with construction scheduled to begin in 
mid-1991. 

Air Products and Chemicals, Inc. and Dakota Gasification 
Company: Liquid Phase Methanol 

Air Products and Chemicals, Inc. and Dakota Gasification 
Company proposed to jointly perform a commercial-scale 
demonstration of the Liquid Phase Methanol Process using 
coal-derived synthesis gas. A 500-ton per day methanol 
facility was to be located at Dakota Gasification Company's 
Great Plains Gasification Plant in Beulah, North Dakota. 
The process differs significantly from commercial methanol 
processes by its combined reactor and heat removal system. 
A suitable demonstration of this technology would focus on 
its integration in coal gasification combined cycle applica-
tions (CGCC). Integration of the technology into a CGCC 
facility will result in improved electric power generating 
flexibility by storing energy in the form of methanol. 

Several issues related to the business and management struc-
ture of the project as originally conceived have changed the 
schedule for negotiation of the cooperative agreement. 
DOE was notified in October 1990 that the Great Plains 
Gasification Plant was no longer available to serve as the 
project site. DOE subsequently extended the negotiation 
schedule to October 1991. Air Products and Dakota are cur-
rently working to develop the project at an alternative site. 

AirPol Inc.: Gas Suspension Absorption (GSA) for Flue 
Gas Desulfurization 

AirPol Inc., with the cooperation of the Tennessee Valley 
Authority (TVA), will install and test a 10-megawatt GSA 
demonstration system at TVA's Shawnee fossil plant in West 
Paducah, Kentucky. The GSA system has a vertical reactor 
where flue gas is contacted with suspended solids consisting 
of lime, reaction products, and flyash. About 99 percent of 
the solids are recycled to the reactor via a cyclone while the 
exit gas stream passes through an electrostatic precipitator 
prior to release to the atmosphere. 

This project plans to demonstrate over a 1-year operating 
period that GSA is capable of removing more than 
90 percent of the SO2 from coal fired flue gas, while achiev-
ing a high utilization of reagent lime. DOE awarded the 
cooperative agreement in October 1990 and AirPol has 
started design work on this 2-year project.

Alaska Industrial Development and Export Authority: 
Healy Clean Coal Project 

The Alaska Industrial Development and Export Authority 
(AIDEA) will build and operate a new coal fired power gen-
erating facility at a site near Mealy, Alaska. The power plant 
design will feature integration of an advanced combustor and 
heat recovery system coupled with both high and low tem-
perature emission control processes. The combustors are 
coupled with a specially designed boiler that will produce 
low NO x levels, function as a limestone calciner, and ac- 
complish first stage SO2 removal in addition to its heat 
recovery function; a single spray dryer absorber vessel for 
second stage sulfur removal; a baghouse for third stage sul-
fur and particulate removal; and a lime activation system 
which recovers unused reagent from particulate collected by 
the baghouse. The emission levels expected for SOT NO 
and particulates are less than 0.04 pounds per million BTIJ, 
0.2 pounds per million BTU, and 0.01 pounds per million 
BTU, respectively. Negotiations for this project have been 
completed. 

Babcock & Wilcox: Full-Scale Demonstration of Low-NO 
Cell (LNC) Burner Retrofit 

In cooperation with Dayton Power & Light, Babcock & Wil-
cox plans to demonstrate the reduction of NO from a 605-
megawatt base-loaded, coal fired utility boiler gy retrofitting 
it with LNC burners. The goal is to achieve at least a 
50 percent NO reduction without degradation of boiler per-
formance. All' 24 standard burners currently in use in the 
plant, located in Aberdeen, Ohio, will be replaced with INC 
burners. 

The cooperative agreement for this 38-month project was 
awarded by DOE in October 1990. Project design and equip-
ment procurement have been the focus of project activity. 
Construction is scheduled to start in September 1991. 

Energy and Environmental Research: Gas Rebunilng-Low 
NO Burners 

Energy and Environmental Research (EER will demonstrate 
the combined technologies of gas reburning and low NO 
burners (GR-LNB) on Public Service Company ot 
Colorado's Cherokee Station, a 172-megawatt front wall 
fired utility boiler. Colorado bituminous coal containing 
about 0.4 percent sulfur will be used. The objective is to 
achieve approximately a 75 percent decrease in NOx emis- 
sions from a wall fired boiler. The first stage in the process 
will be the use of low NOX burners, where the concentration 
is reduced by approximately 50 percent. The second stage 
will be use of gas reburning where the NO concentration 
will be reduced up to an additional 50 percent. 

The project is scheduled for 43 months. Design and permit-
ting started in October 1990, and is scheduled to end in July 
1991. Long-term testing is planned to start in September 
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1992, and the project is expected to be completed in May 
1994. 

Public Service Company of Colorado: Integrated Dry 
NO/SO2 Integrated Emission Control System 

Public Service Company of Colorado will install an in-
tegrated flue gas emission control system for SO 2 and NO 
at the Arapahoe Steam Electric Generating Station in Den-
ver, Colorado. The 100-megawatt unit is fired with low sul-
fur coal. The intent of the demonstration program is to 
achieve up to 70 percent reductions in NO and SO2 emis- 
sions through the integration of several control technologies. 
The test program will integrate: 

- Down-fired low NO burners with overfire air 
- Urea injection for aãditional NO removal 
- Dry sorbent injection for SO 2 removal 

Testing will be performed with both low sulfur coal and a 
high sulfur Illinois coal. Sodium sorbents will be used with 
low sulfur coal, and lime sorbents with high sulfur coals. 

Negotiations for this project have been completed. The 
project duration is 32 months, concluding in mid-1994. 

Clean Power Cogeneration Inc.: Air-Blown/Integrated 
Gasification Combined Cycle Project 

Clean Power Cogeneration will demonstrate the Lurgi in-
tegrated gasification combined cycle (IGCC) technology at 
the Arvah B. Hopkins station in Tallahassee, Florida. In the 
demonstration project, 1,270 tons per day of high-sulfur Il-
linois Basin bituminous coal will be converted into 
120 megawatts of power. 

The coal will be gasified in a pressurized, air-blown, fixed 
bed gasifier. The low-BTU coal gas goes to a hot gas 
cleanup system where sulfur removal is achieved in a moving 
bed of solid sorbent. The cleaned gas goes to a combustor 
which is on board the gas turbine frame. The gas turbine is 
integrated with the coal conversion system through pres-
surized air extraction, which is used as gasifier air supply. 

The IGCC technology has the potential to reduce SO2 emis-
sions by up to 99 percent and NO emissions up to 
95 percent, while achieving a plant efficiency of about 
48 percent. Negotiations for this project have been com-
pleted. 

Bechtel: Confined Zone Dispersion flue Gas 
Desulfurization 

The CZD/FGD process involves injection of finely atomized 
sprays of a sorbent slurry into the flue gas duct ahead of the 
solids collection system. This project includes injection of dif-
ferent types of sorbents with several atomizer designs while 
using low and high sulfur coals to verify the effects on SO2

and NO removal. The capability of the electrostatic 
precipitator (ESP) to effectively control particulate emis-
sions will also be examined. The demonstration will be 
carried out at Pennsylvania Electric Company's station in 
Seward, Pennsylvania on half of the flue gas stream 
produced by the 147-megawatt boiler. 	 Pennsylvania
bituminous coal (1.2 to 2.5 percent sulfur) will be used. 

The Bechtel process features spraying of a finely atomized 
slurry of a highly reactive lime injected into the flue gas 
stream between the boiler air heater and the ESP. The spray 
nozzles are designed to produce a fine cone-shaped spray. 
As the cone of spray moves downstream and expands, the 
gas within the cone cools and the SO 2 is rapidly absorbed by 
the liquid droplets. The spray droplets mix with the hot flue 
gas and quickly dry. This fast drying time precludes wet par-
ticle build-up in the duct. The process is expected to remove 
50 percent of the SO 2 emissions from coal fired boilers. 

The cooperative agreement for this project was awarded in 
October 1990, and will be performed over a 37-month 
period. Design activities are completed and construction 
was expected to be completed in April 1991. Project comple-
tion is scheduled for mid-1993. 

LIFAC North America: Retrofit 502 Control by Limestone 
Injection 

LIFAC North America, Inc., a joint venture of ICF Kaiser 
Engineers, Inc. and Tampella Ltd. of Finland, will 
demonstrate the LIFAC flue gas desulfurization technology 
developed by Tampella. Sulfur dioxide emissions are 
reduced by up to 85 percent utilizing limestone as a sorbent. 
The limestone is injected into the upper regions of a boiler 
furnace, where calcining to lime and partial absorption of 
SO2 occur. The combustion gas is passed through an activa-
tion chamber where the combustion gas is humidified and 
SO2 absorption is completed. The LIFAC technology will 
be demonstrated at Whitewater Valley, a 60-megawatt coal 
fired powerplant located in Richmond, Indiana. The plant 
consumes coals with sulfur contents ranging from 2.4 to 
2.9 percent sulfur. 

The cooperative agreement for this project was signed in 
November 1990. Design is approximately 50 percent com- 
plete, and construction is scheduled to be completed in the 
fall of 1991. 

MK-Ferguson: The NOXSO Process for SO2 and NO 
Control 

The NOXSO process is a post-combustion technology which 
uses a dry regenerable sorbent system to remove both SO2 
and NO from flue gas generated by coal fired utility boilers. 
The process can remove up to 97 percent of the SO 2 and 
70 percent of the NO from the flue gas. Both pollutants are 
removed by adsorption on a regenerable sorbent consisting 
of pellets of high surface area gamma alumina impregnated 

SYN'mEIlC FUELS REPORT, JUNE 1991 
4-12



The Alma project will be the first large scale demonstration 
of PCFB technology. The project is under negotiation with 
DOE. 

with sodium carbonate. NO is desorbed and recycled to the 
boiler where it is ultimately reduced to nitrogen and water. 
Desorbed SO2 is partially reduced to 11 2S, and a combined 
stream of SO and 1125 are converted in a Claus reactor to 
elemental sulfur. The process will be retrofitted to a 108-
megawatt coal fired boiler at Ohio Edison's station at Niles, 
Ohio. 

Negotiations for this project have been completed. The 
preliminary design will incorporate the results from opera-
tions of the NOXSO proof-of-concept 10-megawatt pilot 
project now being conducted at Ohio Edison's Toronto 
power station. Then, detailed design activities are planned 
to last 12 months. A 17-month construction phase will fol-
low and lead to process testing and evaluations that will span 
a 29-month period. 

ENCOAL Corporation: ENCOAL Mild Coal Gasification 
Project 

ENCOAL Corporation will demonstrate the integrated 
operation of a number of new operating steps to produce 
two higher value fuel forms from mild gasification of low-
sulfur subbituminous coal. The project site is the Triton 
Coal Company's Buckskin Mine, 10 miles north of Gillette, 
Wyoming. 

Both design and construction are ahead of schedule, with the 
cooperative agreement awarded only 9 months after selec-
tion. 

The project will use SGI International's liquids from coal 
(LFC) process to produce a new solid fuel with higher heat-
ing value and lower sulfur content than the feedstock coal 
and a liquid fuel that requires limited hydrotreating. The liq-
uid fuel is expected to be used in place of No. 6 fuel oil. 

Dairyland Power Cooperative: Alma PCFB Repowering 
Project 

Dairyland Power Cooperative will demonstrate Pyropower 
Corporation's pyroflow pressurized circulating fluidized bed 
combustion (PCFB) combined cycle system. The project 
goal is to achieve SO2 reduction in excess of 90 percent, NO 
reduction of 70 percent, and to improve plant efficiency by 
up to 15 percent of the current rating. 

One possible site for the demonstration is the Cooperative's 
power station located in Alma, Wisconsin. The proposed 
plan is to repower two operating 18-megawatt pulverized 
coal fired steam turbines with a single PCFB combustor in-
tegrated with an oil fired topping combustor and a gas tur-
bine module operating in a combined cycle mode. The 
repowered plant would have a capacity of at least 
40 megawatts.

SHELL SHUTS DOWN SCGP-1 PILOT PLANT 

Shell Oil Company has announced that its coal gasification 
demonstration plant near Houston, Texas (SCGP-1) has 
been shut down. The 4-year demonstration program was 
jointly conducted by Shell Oil Company and Shell Interna-
tional Research, a Royal Dutch/Shell Group company, with 
support from the Electric Power Research Institute. 

"We set out to demonstrate the versatility, reliability, ef-
ficiency and environmental cleanliness of the Shell process, 
and our 4-year program exceeded all expectations," said 
J.L. McCormick, manager of Shell Oil's synfuels business 
development organization. 

In 1989, after 2 years of SCGP-1 operation, the Shell process 
was licensed by Shell Internationale Petroleum Maatschappij 
B.V. to Demkolec B.V., a subsidiary of the Dutch Electricity 
Generating Board, for a 253-megawatt, integrated coal 
gasification combined cycle plant at Buggenum, the Nether-
lands. The Demkolec plant received all permits and now is 
under construction with startup scheduled for 1993. 

Since 1989 Shell has tested additional feedstocks and further 
optimized the process. Overall, SCGP-1 successfully gasified 
18 different feedstocks including bituminous and sub-
bituminous coals, lignite and petroleum coke. Extensive 
process data now exist for design, environmental permitting, 
construction and operation of commercial gasification plants. 

Since startup in 1987, SCGP-1 logged nearly 15,000 hours of 
operation. According to Shell, production records were set 
for both bituminous coal (145 percent of design), and for lig-
nite (104 percent of design). SCGP-1 was routinely switched 
on-line from one coal to another, achieved coal-to-gas ef-
ficiencies as high as 83 percent, and carbon conversion rates 
of more than 99 percent. While feedstock sulfur content 
ranged from 03 percent to 5.2 percent, more than 99 percent 
sulfur removal efficiencies were obtained. 

With gasifier temperatures as high as 3,000°F, SCGP-1 
product gas contained such low levels of air pollutants that 
McCormick believes coal gasification combined cycle could 
be recognized as Maximum Achievable Control Technology 
(MACF) for coal-based power generation. 

The coal ash in SCGP-1 was removed as a granular slag and 
was used on site as concrete aggregate. Trace metals in the 
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15-year agreement with Union Carbide for the sale of the 
rare gases. 

feed coal were captured in the slag. SCGP-1 achieved an 
82 percent on-stream factor during a 5-month run and 
operated for more than 2 months without a shutdown. 

FIRST KRYPTON-XENON SHIPPED FROM GREAT 
PLAINS 

March 15th was the date of the first shipment of krypton-
xenon from the Great Plains Synfuels Plant near Beulah, 
North Dakota. This marked the completion of a major 
byproduct development effort. 

That shipment of 233,591 liters, more than 50,000 gallons, 
contained about 88 percent krypton, nearly 10 percent xenon 
and the remainder a combination of argon and oxygen. It 
was sent in a tube trailer to the Linde Division of Union Car-
bide Industrial Gases in East Chicago, Indiana. There the 
crude krypton and xenon will be refined at Linde's plant. 

Dakota Gasification Company (DGC), a Basin Electric sub-
sidiary that owns and operates the synfucls plant, has a

Krypton is used in halogen headlights and fluorescent light-
ing tubes. Xenon's uses are in lasers and high-intensity light-
ing, such as projector bulbs. 

About 3.6 million liters of krypton-xenon are projected to be 
produced annually at the processing plant. Construction of 
the plant was completed recently within its $4.3 million 
budget. 

Sales are projected to exceed $1.5 million in annual revenue. 

Meanwhile, work continues on marketing phenol, the other 
major byproduct development. However, resin manufac-
turers have found that the lignite-derived phenol has an un-
characteristic odor, which has resulted in complaints from 
plywood manufacturing customers. 

Therefore, DGC has embarked on a program to determine 
how to minimize or eliminate the odor source in the phenol. 

###0 
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CORPORATIONS 

AMAX TO FUND WYOMING COAL RESEARCH 	 shipped a total of 300 million tons of coal to electric utilities 
throughout the United States. 

AMAX Coal Industries announced early this year that it has 
made a $30,000 research grant to the College of Engineering 
at the University of Wyoming to support development of a 
Western Coal Consortium. 

Designed as a university-government-industry consortium, 
the Western Coal Consortium is being formed to establish a 
comprehensive coal technology development program to im-
prove the marketability of Western low rank coals in both 
domestic and foreign markets. 

In 1973, AMAX opened a large scale mining operation at 
the Belle Ayr Mine south of Gillette, Wyoming in Campbell 
County. Five years later, AMAX opened the Eagle Butte 
Mine north of Gillette. Together, the two mines have

AMAX Coal Industries, headquartered in Indianapolis, In-
diana, has an active research program. The company 
developed and constructed a 1.2 million ton per year coal 
drying plant which produces a product with a lower moisture 
content and higher heating value. 

The company is. also conducting research to develop 
upgraded coal-based products for energy and industrial 
markets. Some of the work at the AMAX Research and 
Development Center in Golden, Colorado has been done in 
conjunction with the Western Research Institute, an affiliate 
of the University of Wyoming Research Corporation. 
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GOVERNMENT 

DOE INDIRECt' LIQUEFACTION PROGRAM 
REVIEWED 

The director of the Liquid Fuels Division at the United 
States Department of Energy's Pittsburgh Energy Technol-
ogy Center (PETC), G.V. McGurl, says the objective of the 
Indirect Liquefaction Program is "to demonstrate on a 
proof-of-concept scale, technologies capable of producing 
specification transportation fuels from coal-derived synthesis 
gas at a projected commercial cost equivalent to oil priced at 
$25 to $30 per barrel by the late 1990s." The effort in in-
direct liquefaction is divided into two major areas: Fischer-
Tropsch (F-T) synthesis and oxygenates synthesis. 

McGurl presented an overview of the PETC program at the 
Sixteenth International Conference on Coal and Slurry Tech-
nologies held in Clearwater, Florida in April. 

Fischer-Tropsch Synthesis 

F-T synthesis is a catalytic route to hydrocarbons from syn-
thesis gas, but it is not economically competitive. United 
States Department of Energy (DOE) research on F-T tech-
nology is driven toward production of transportation fuels 
from coal-derived synthesis gas at costs which are competi-
tive with the expected price of oil in the next decade. This 
requires the use of different technology both for synthesis 
gas generation and for the fuel synthesis. 

Modem gasifiers which produce higher yields of synthesis 
gas and are more cost effective produce a gas which has a 
low hydrogen to carbon monoxide ratio. Effective use of this 
gas without requiring an external water gas shift step is re-
quired to develop an economical process. Commercial F-T 
catalysts deactivate rapidly when reacted in the presence of 
hydrogen lean synthesis gas. 

F-T reactions are highly exothermic. However, slurry phase 
reactors have inherently high heat transfer capability and 
thus smaller and simpler reactors can be built to achieve 
high conversion. To capitalize on this, catalysts must have 
high intrinsic reactivity, be easy to slurry at high concentra-
tion, and be easy to separate from the slurry fluid. 

F-T synthesis results in a wide distribution of molecular 
weights in the products. Because light hydrocarbons have a 
relatively lower market value, a goal of DOE research is to 
minimize light gas production. Also, there is generally an 
excess of steam produced in the process, and the separation 
of the light hydrocarbons for reforming or separate sale is 
rarely economical. Therefore, systems which include 
cogeneration of electricity demonstrate improved economic 
potential.

According to McGurl, the DOE research program contains 
elements addressing all of these issues. Catalyst research is 
the largest single effort. The desirable catalyst will have high 
activity and relatively long life. The catalyst should have in-
herent water gas shift capabilities and improved tolerance to 
impurities. 

Other factors which must be considered complicate the 
search for a good catalyst. Catalyst preparation and activa-
tion is a complex process and the reproducibility of this 
process has often proved difficult. Small amounts of other 
elements serve as promoters in F-T catalysis and their role 
mug be properly understood, says McGurl. Current 
research focuses on iron based catalysts but research on 
cobalt containing catalysts will begin within the next year. 

Slurry reactors also require development before they can be 
used in the production of transportation fuels from synthesis 
gas. Hydrodynamic data must be collected under both non-
reacting and reacting conditions for reactors at a scale where 
the diameter is sufficiently large that wall effects do not 
dominate the hydrodynamics. The completion of the PETC 
generic liquefaction unit in 1993 will provide a facility in 
which this data can be taken. Because long chain hydrocar-
bons are the primary products of F-T synthesis, they remain 
in the liquid phase within the reactor. This requires separa-
tion of the catalyst from the wax product/slurry oil. It is im-
portant to produce wax which is largely free from catalyst 
fines and to reduce catalyst losses to a practical minimum to 
control costs. 

A baseline design, cost estimate and systems analysis tool for 
coal based fuels by F-T synthesis will be developed over the 
next 2 years. The baseline design and cost estimate will 
provide relatively accurate costs for an F-T process as now 
envisioned by DOE. Prior experience in the liquid phase 
methanol process indicates that projected economics greatly 
improve in slurry systems when larger scale tests are carried 
out. The systems analysis tool to be developed simul-
taneously will allow DOE to project the effect of research 
developments on the system economics, he says. 

It is necessary to determine the performance and the charac-
teristics of produced fuels and verify their acceptability and 
value within the transportation fuel mix. F-T waxes can be 
mildly hydrocracked to produce diesel fuels with a very high 
cetane number. Thus F-T diesel could have premium value 
either as a blending stock or as a fuel capable of achieving 
lower emissions without post-combustion cleaning systems. 
F-T naphthas are more paraffinic than conventional naph-
tha, resulting in gasoline with reduced aromatic content but 
with relatively lower octane content. If suitable octane 
enhancers were added, this fuel could be useful in achieving 
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the goal of reduced aromatics in gasoline. Research into 
these questions for both indirect and direct liquefaction is 
expected to begin during the next year. 

In the PETC generic liquefaction unit, the indirect liquefac-
tion section Will be capable of producing 1 barrel of product 
per day from synthesis gas. This unit will be used to verify 
productivity of catalysts developed in the program. In addi-
tion hydrodynamic data can be taken at a scale where the 
wall effects are minimized, so that the data Will be adequate 
for scaleup. The unit will also be used to test the entire in-
tegrated synthesis process With appropriate recycle streams. 

When the advanced F-T process has been fully developed at 
the bench scale, proof-of-concept will be achieved at the 
LaPorte alternate fuels development facility, anticipated for 
1996-1997. 

Oxygenates Research and Development 

For most vehicles it appears that oxygenated components 
can reduce some of the pollutants from the tailpipe. It may 
be possible to synthesize some of the intermediates to high 
value chemicals directly from synthesis gas. Laboratory work 
will establish catalytic routes to desirable oxygenated 
products. The most promising of these Will be further 
developed in bench scale units including the PETC generic 
liquefaction unit. 

Among the products included in the oxygenates research ef-
fort are alcohols above methanol, ethers, mixtures of ethers 
or alcohols, and olefins. Because one of the conventional 
routes to ethers is by the reaction of an olefin with an al-
cohol, simple routes to desirable olefins could reduce the 
cost of ethers.

NATIONAL ENERGY STRATEGY SUPPORTS COAL 
SLURRY PIPELINES 

Removing barriers to the construction of coal slurry 
pipelines is one of the recommendations of the National 
Energy Strategy (NES) proposed by President Bush. 

Specifically, the NES states that "coal slurry pipelines, using 
a mixture of water and coal, can compete effectively With rail-
roads and barges as a low-cost way to transport coal, but 
proposed pipelines must obtain rights-of-way to cross com-
peting railroad lines." The NES goes on to say that the 
"administration supports legislation to grant federal eminent 
domain to applicants that have satisfied regional and Mate 
water use concerns." 

The Coal & Slurry Technology Association (CSTA) com-
mended the Bush administration for making the construction 
of coal slurry pipelines an integral part of its National 
Energy Strategy. CSTA executive director S. Serkin said, 
"State-of-the-art slurry pipelines are now a proven, environ-
mentally sound technology. They can play an invaluable role 
in helping the U.S. tap its rich coal reserves and decrease its 
dependence on foreign oil." By burning coal-water slurry in 
electric power plants and industrial boilers that now burn 
fuel oil, it is estimated that oil imports would be reduced by I 
to 1.5 million barrels per day. 

In the past, says CSTA, access to this alternative fuel source 
has been blocked by railroad interests in order to avoid the 
potential competition of coal pipelines. For nearly 30 years, 
the railroads have used their influence in the Congress to 
block legislation to permit construction of coal pipelines, 
Serkin notes.

Sn, 
Currently, ethers require the production of alcohols, the gen-
eration of olefins and a reaction between the two to generate 
the ether. Simpler routes from synthesis gas could poten-
tially reduce the cost of these materials. 

Because production is accompanied by large evolution of 
heat, the advantages of slurry reactors are also applicable to 
this technology. The successful development of the liquid 
phase methanol process has reduced the need for slurry reac-
tor development for oxygenates but each different process 
With a different catalyst and product will require some addi-
tional data on hydrodynamics, heat transfer and product 
recovery. Thus slurry reactor development will continue to 
be an integral pan of this technology, says McGurl. 

The current alternate fuels development unit effort calls for 
the testing of the best two or three systems for oxygenates in 
the next 3 years, while processes currently in the laboratory 
Will be tested toward the end of the decade.

CLEAN COAL TECHNOLOGY 4 ATTRACTS 
33 PROPOSALS 

The United States Department of Energy's solicitation for 
Round 4 of the Clean Coal Technology Program, which 
closed on May 17, attracted 33 proposals. These proposals 
concern projects With a total estimated cost of $6.5 billion. 
Eleven of the proposals involve repowering projects, 11 in-
volve retrofit emission control systems, and 11 propose 
beneficiation or coal conversion processes. Winners are to 
be selected by September 17, 1991. The 33 proposals, listed 
alphabetically by sponsor, include: 

ABB Energy Ventures, "Eccles Project," a 
$346 million project in West Virginia 

ABB Flakt, Inc., "Demonstration of the 
ADVACATE-MDI Process at the Kingston 
Station," a $50 million project in Tennessee 
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Air Products and Chemicals, "Demonstration of a 
Commercial Scale PCFB Technology," a 
$304 million project in Pennsylvania 

Aquatech Systems, "100 MW SOXAL Demonstra-
tion Program," a $39 million project in New York 

Arnold Leas, "Combined Dry Coal and Limestone 
Integrated Process," a $30 million project in In-
diana 

Babcock & Wilcox, 'Pull-Scale Demonstration of 
Integrated Flue Gas Desulfurization System with 
Reburning NO Control," a $290 million project in 
Illinois 

Bechtel, "1,800 MW FGD Retrofit, Demonstrating 
Low Cost 98 Percent Removal of SO Using 
Large-Scale Fiber-Glass Reinforced Plastic Con-
struction and US Developed Improvements to the 
Chiyoda CT-121 FGD Process," a $224 million 
project in Georgia 

- CLC Associates, Inc., "Demonstration of Coal Liq-
uid and Coke (CLC) Mild Gasification Process," a 
$125 million project in Virginia 

- Calderon Energy, "Liquid Fuel - 
IGCC/Repowering," a $271 million project in Ohio 

- Char-Fuels Associates Limited Partnership, 
"Charfuel Coal Refining Project," a $25 million 
project in Wyoming 

- Cordero Mining, "Cordero Coal Upgrading 
Demonstration Project," a $34 million project in 
Wyoming 

- Custom Coals International, "Self-Scrubbing Coal: 
An Integrated Approach to Clean Air," a 
$76 million project in Pennsylvania and Indiana 

- EER Corporation, "Field Evaluation of Advanced 
Gas Reburning," a $44 million project in Illinois 
and Tennessee 

- EER Corporation, "Coal Fines Slurry - A Clean 
Fuel from Waste," a $133 million project in Pennsyl-
vania 

- Energy Resources & Logistics, Inc., "The 
Greenbrier Coal Diesel Combined-Cycle," a 
$67 million project in West Virginia 

- Freetown Energy, "Freetown Energy Park," an 
$845 million project in Massachusetts

- Frontier Energy, "Conversion of High Sulfur Ohio 
Coal and Heavy Oil to High Quality, Clean Liquid 
Fuels, " a $440 million project in Ohio 

- Geneva Steel, "COREX Ironmaking Process 
Demonstration Plant," a $468 million project in 
Utah 

- Heartland Fuels, "K-Fuel Commercial Demonstra-
tion Project," an $88 million project 

- Iowa Power, "Des Moines Energy Center Ad-
vanced Pressurized Circulating Fluidized Bed 
Demonstration", a project in Iowa 

- Lin Technology, "Improved Lin SOx/NO 
Removal and Waste Products Utilization Process, 
a $4 million project in Indiana and Ohio 

- Manitowoc, "Manitowoc Advanced Energy 
Demonstration Project," a $250 million project in 
Wisconsin 

- New York State Electric & Gas, "Milliken Clean 
Coal Technology Demonstration Project," a 
$159 million project in New York 

- PEDCO Inc., "Industrial/Municipal Energy 
Waste & Waste Management Program," a 
$53 million project in Tennessee 

- Pure Air, "Co-Current Super Scrubber," a 
$244 million project in Pennsylvania 

- Ralph M. Parsons, "Parsons FGC Process 
Demonstration Project," a $41 million project in 
Ohio 

- Sierra Pacific Power Co., "Pinon Pine IGCC Power 
Project," a $341 million project in Nevada 

- TAMCO Power Partners, 'Toms Creek IGCC 
Demonstration Project," a $219 million project in 
Virginia 

- Tennessee Valley Authority, "Coproduction of 
Electricity and Fertilizer," a $686 million project in 
Tennessee 

Tennessee Valley Authority, "Micronized Coal 
Reburning Demonstration for NO 4 Control on a 
175 MWe Wall-fired Unit," a $7 million project in 
Kentucky 

- ThermoChem, Inc., "Demonstration of Pulse Com-
bustion in an Application for Steam Gasification of 
Coal," a $37 million project in Oregon 
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Union Carbide Chemicals and Plastics Co. Inc., 	 Wabash River Coal Gasification Repowering 
"Demonstration of the Union Carbide CANSOLV

	
Project Joint Venture, "Wabash River Coal 

Process at the ALCOA Generating Corporation," a
	

Gasification Repowering Project," a $592 million 
$33 million project in Indiana 	 project in Indiana 
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ENERGY POLICY & FORECASTS 

GASIFICATION TO BE THE CORE TECHNOLOGY FOR 
FUTURE POWER GENERATION 

Studies sponsored by the Electric Power Research Institute 
(EPRI) have shown that clean gas produced by coal gasifica-
tion can be convened into electricity at very high efficiency 
in combustion turbines and molten carbonate fuel cells. 
Overall heat rates from coal pile to electricity on the grid of 
8,000 and 6,500 BTU per kilowatt-hour (kWh), respectively, 
are achievable. EPRI says the twin attributes of minimal 
emissions and high efficiency make coal gasification based 
power generation systems strong candidates for the next 
round of coal fired electricity generating plants. A summary 
of the future prospects for gasification was given by EPRI's 
R.H. Wolk at the Alternate Energy '91 Conference held in 
Scottsdale, Arizona in April. 

Currently the low, price of natural gas and the low capital 
cost of natural gas combined cycle systems provide utilities 
and others with the lowest cost approach for electricity from 
new plants. None of the current coal fired power systems 
can compete with natural gas in the United States for new 
base load generation. In the opinion of many, but not all 
utilities, the price of natural gas will ultimately rise and 
deliverability problems will be experienced as demand rises. 
These utilities are looking beyond natural gas to coal to meet 
their future fuel needs. 

Current coal gasification systems are estimated to cost more 
than coal fired plants equipped with scrubbers that can 
achieve 95 percent sulfur removal. Coal gasification systems 
can achieve much higher levels of sulfur removal. The value 
to society of additional sulfur removal, very low NO emis- 
sions, and minimal emissions of particulates and toxics have 
not been firmly established. Several states have or are in the 
process of establishing additional societal costs that must be 
factored in when utilities project the calculated cost of 
electricity generated by various methods. It is likely that the 
additional investment costs for current coal gasification sys-
tems may be economically justified under these cir-
cumstances. 

However, says Welk, significant penetration into utility 
markets by coal gasification technology, in the near term, re-
quires reduction in capital costs. EPRI has been working 
with technology vendors and power generation equipment 
vendors to reduce their projected capital costs and increase 
the thermal efficiency of the overall process. 

Another way of reducing the average cost of electricity is by 
storing energy in physical or chemical form which can be util-
ized during periods when it commands a higher value or by 
coproducing products whose value exceeds the value of 
electricity during parts of the day, week or season of the 
year.

The superior environmental performance of integrated 
gasification combined cycle (IGCC) power generation has 
been demonstrated at the 100-megawatt Cool Water and 
160-megawatt Dow Plaquemine plants. Typical emissions 
were less than 10 percent of New Source Performance Stan-
dards. In commercial chemical production plants, Tennessee 
Eastman and Ube Chemical operate sulfur removal systems 
routinely in excess of 99.9 percent. The total of NO SO 
and solid wastes generated from gasification based systems 
far lower than from pulverized coal and fluidized bed sys-
tems. 

Equally important is the ability to generate power with 
higher efficiency in non-Rankine cycle systems. Steam based 
Rankine cycle systems have been the backbone of electricity 
generation for the past 100 years. Unfortunately most steam 
plants operate at efficiencies in the range of 30 to 35 percent. 
The very best can achieve close to 40 percent efficiency. The 
use of gas turbines fueled by coal gasification plants allows 
overall efficiencies in the 40 to 45 percent range. Combining 
gasification with molten carbonate fuel cells provides systems 
that can have efficiencies in the 50 to 55 percent range 
(Figure 1). 

The next pollutant" that is likely to be regulated is CO2. 
Indeed, several European countries have adopted national 
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policies to stabilize or reduce current CO  emissions. One 
of the lowest cost approaches to meeting this goal is to in-
crease the energy efficiency of electricity production. Fuel 
cell power plants have the potential to provide higher levels 
of efficiency and therefore lowest emissions of CO  
(Figure 1). 

Another complication that United States utilities must face is 
the cap on total sulfur dioxide emissions that they will be al-
lowed to emit after 2001. The level is about 8.9 million tons 
per year and is about half of current levels (Figure 2). This 
poses a major dilemma to an industry which generates more 
than half of its electricity with coal and expects to grow at a 
rate of 2 to 3 percent per year over the next decade. Under 
these new rules, generating units will not be allowed to emit 
any additional sulfur oxides. If the utility industry wants to 
maintain or increase its dependence on coal, gasification 
based technologies which can reduce emissions by more than 
99 percent should become one of the technologies of choice, 
says Wolk.

IGCC Cost Reduction 

EPRI-sponsored IGCC plant studies have shown that most 
plants fall in a relatively narrow investment band of about 
$1,300 to $1,700 per kilowatt. EPRI has been sponsoring 
work to identify areas for future cost reduction. One of the 
most promising projects involves redesigning the turbine sec-
tion of the new 2,300°F gas turbines which are entering the 
market. Early 1(3CC studies indicated that coal to busbar 
heat rates of 9,000 BTU per kWh would be available with 
2,300017 gas turbines. As a result of studies to modify the tur-
bine expander to accommodate the increased gas flows result-
ing from syngas combustion, EPRI now projects reductions 
of 350 BTU per kWh along with capital cost reductions. 

Another promising area for efficiency improvement involves 
better integration of the gas turbine with the air separation 
plant. This is particularly important in Europe because 
European coal costs are higher than in the United States. 
European companies have developed more highly integrated 

FIGURE 2 
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GCC designs which promise heat rates of about 8,000 BTU 
per kWh (HHV basis) with 2,300°F gas turbines. 

A prominent feature of many such designs has been to take 
the air for the air separation unit as a bleed from the gas tur-
bine air compressor. This arrangement eliminates the need 
for a separate air compressor for the air separation plant. 

The Netherlands 250 MW GCC Project 

In May 1989, the consortium of Dutch utilities, SEP (NV 
Samenwerkende Electriciteits Produktiebedrijven) an-
nounced that they will build a 250-megawatt GCC plant at 
Buggenum, the Netherlands. This plant will use a single 
Shell gasifier train of 2,000 tons per day capacity linked to a 
single Siemens-KWU V94.2 gas turbine combined cycle 
(turbine inlet temperature 2,000°F). The high efficiency in-
tegration features of recent European 10CC designs 
described above are included in the design. The design heat 
rate is 8,240 BTU per kWh (HHV basis) or 41.4 percent ef-
ficiency. 

The German 300 MW CCC Project 

RWE (Rheinische Westphalien Electricitatswerke), the 
largest electric utility in Germany, has also announced a 
GCC project. The feedstock is to be Rhenish brown coal 
and the gasification technology is to be the High Tempera-
ture Winkler (HT'W) fluid bed. The gas turbine for this 
GCC project is to be a Siemens-KWU V943 which will have 
a turbine inlet temperature of about 2,300°F and deliver 
about 200 megawatts of electricity. An efficiency over 
43 percent is forecast for this plant which is scheduled for a 
1995 startup. A decision on air or oxygen blowing is planned 
for late 1991. 

Humid Air Turbine 

The humid air turbine (HAT) cycle is a modified regenera-
tive gas turbine cycle. Water warmed by low level heat and 
air from the turbine's compressor are mixed in a saturator. 
In the counter-current contact which takes place between the 
water and air in the saturator, air is humidified to between 
20 and 40 percent water vapor, part of the water is 
evaporated, and the remainder is cooled. The humidified air 
from the top of the saturator is heated by the turbine exhaust 
(regenerative cycle) before being sent to the turbine combus-
tor. 

This proposed cycle has at least three very attractive fea-
tures. First, stack temperature is lower than in a conven-
tional combined cycle, and the overall cycle configuration is 
thermodynamically superior, so heat rates improve. IGHAT 
cycles promise a heat rate between 8,100 and 8,600 BTU 
(LHV) per kWh. 

Second, the steam cycle is completely eliminated, which rep-
resents a dramatic simplification and should result in a sub-

stantial cost reduction for gasification based power plants. 
Eliminated are the steam turbine, condenser, high pressure 
boiler feedwater pumps, and most of the cooling tower. 
Elimination of the steam cycle is a particular advantage for 
entrained and fluidized bed gasification processes which 
have relatively high (1,500 to 2,6000F) gasifier exit tempera-
tures. Their expensive syngas coolers which were previously 
needed to recover this valuable heat can be eliminated. In-
stead, the high temperature gas leaving the gasifier can be 
water quenched, and the resulting low level heat recovered 
and effectively utilized in the HAT cycle. 

Third, and related to the elimination of the steam cycle, is 
the fact that the IGHAT plant should be easier to maintain. 
The most severe condition developed within the power block 
is 600 psig water, not 2,400 psig steam. 

Unfortunately, gas turbine/generator sets do not exist which 
can accommodate the HAT cycle conditions. In most exist-
ing machines, the turbine's compressor consumes up to 
50 percent of the shaft work developed by the turbine. The 
HAT turbine's compressor only consumes about 30 percent 
of the turbine's shaft work. Also, the HAT cycle perfor-
mance is optimum when the turbine operates at much higher 
expansion ratios than existing large machines, most of which 
have been optimized for combined cycle applications. Conse-
quently, the HAT cycle will require a whole new machine 
development. 

A recent EPRI study by Fluor, Texaco, GE and ABB, 
cofunded by several utilities, indicated the following several 
advantages for the IG}{AT system. The steam cycle is 
eliminated and capital costs are reduced by $250 to $300 per 
kilowatt. The resultant capital cost is accordingly at or below 
that for conventional direct coal fired units. IGHAT operat-
ing and maintenance costs are estimated to be 12 to 
15 percent lower than for GCC. The plant should also have 
extremely low NO 

X 
emissions. 

Integrated Gasification Molten Carbonate Fuel Cell Cycles 

The most thorough studies completed to date which have 
been sponsored by the United States Department of Energy 
have considered molten carbonate fuel cell (MCFC) systems 
to be almost direct replacements for combustion turbines in 
gasification based power plants. This leads to plant heat 
rates of about 7,500 BTU per kWh, substantially lower than 
for systems using combustion turbines. 

Fuel cells have other significant advantages over turbines be-
sides their higher efficiency and extremely low emissions. 
Fuel cell efficiency barely changes over the entire 25 to 
110 percent load range and they suffer no derating at high 
summer ambient temperature. Also the inverters, which con-
vert the fuel cell DC power to AC, provide superior power 
conditioning (VAR control). These should provide con-
siderable economic benefits to most utilities using the tech-
nology.
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Capital costs of MCFC systems in gasification plants are stilt 
projected to be high, but successful completion of ongoing 
development work, for example utilizing lower cost materials 
of construction, should bring these costs in line, says WoW. 

EPRI is working with DOW and ERC to place, in 1991, a 
small 20 to 100-kilowatt molten carbonate stack that will 
operate on a coal derived gas slip stream at the 
160-megawatt Plaquemine, Louisiana IGCC plant. 

In a series of recent EPRI sponsored studies, Fluor calcu-
lated investment and performance values for IGMCFC 
plants based upon the projected performance of Illinois 
No. 6 coal in a 1,000 psig BGL gasifier. This gasifier was 
selected because of its relatively high methane yield and 
modest further development requirements. In the study 
hydrogen was separated and recycled to the fuel cell. While 
the overall system heat rate was calculated to be about 6,500 
BTU per kWh (coal to busbar), the system cost was es-
timated at about $2,000 per kilowatt. Additional studies are 
under way to reduce the required investment so that a more 
attractive IGFC flowsheet can be developed.

Integrated Energy Facilities 

Integrated energy facilities based on coal gasification power 
plants may offer the United States utility industry a number 
of new business opportunities. Integrated complexes can 
produce electricity, heating and cooling, fuels, chemicals and 
other marketable commodities. Such potential coproducts 
include synthesis gas, SNG, hydrogen, ammonia, carbon 
dioxide, chemicals, methanol and other oxygenated fuels, 
gasoline and fuel oil (Figure 3). 

WoW points out that one of the major issues that has faced 
the electricity industry is that electricity demand varies by the 
time of day, day of the week, and month of the year. As a 
result, much of the generating capacity that a utility requires 
to meet peak loads is unutilized through much of the year. 
Gasification based technology allows a large portion of that 
capital to be used continuously to generate clean gas, which 
can be converted into storable liquid fuel to be used during 
peak demand periods, or by producing chemical products for 
sale. 

FIGURE 3 
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A number of EPRI studies have indicated that methanol 
coproduction in this manner would lower utility rates. EFRI 
has recently initiated studies with Houston Lighting and 
Power, Tennessee Valley Authority, and Public Service 
Electric & Gas to evaluate methanol, ammonia and other 
chemicals as coproduction opportunities: 

Combined Heat and Power 

While the coproduction of other liquid fuels and chemicals 
offers many new business opportunities, it is the coproduc-
tion of steam or hot water for district heating and cooling, or 
for process uses, which can accomplish the greatest gains in 
overall efficiency for fossil fuel utilization. The combined 
heat and power concept is practiced to some extent in many 
European countries. More recently several European 
governments (e.g., United Kingdom, Denmark, Germany, 
Sweden) have made policy statements specifically encourag -
ing such combined heat and power projects. In the United 
States this concept has had only limited application. 

Wolk discussed one particular concept of future interest as 
being a GCC power plant coproducing methanol which is

then in turn supplied to multiple fuel cells in urban locations. 
The advantages of such a scheme include the reduction of 
distribution costs and the accompanying aesthetic and en-
vironmental intrusions. The conclusion of the presentation 
was that there is a large potential range of efficiencies and 
capital cost. Changes in the values assigned to environmen-
tal externalities may rearrange the relative economics of the 
various approaches in the near future (Figure 4). 

hit 

NES ANALYSIS SHOWS POTENTIAL FOR COAL 
LIQUEFACI'ION IN 20 TO 30 YEARS 

A report prepared by the Energy Information Administra-
tion says there is a good possibility that a coal liquefaction 
industry could emerge in the United States in the next 20 to 
30 years. The timing will depend on the price of oil in the 
world market and the cost of coal liquefaction. 

The report, "The Potential for Coal Liquefaction: Supporting 
Analysis for the National Energy Strategy,' says, The 

FIGURE 4 
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nation's abundant coal reserves make coal liquefaction a 
prime candidate for helping to reduce its oil imports." The 
report analyzes the potential for coal liquefaction in the 
United States over the next 40 years comparing two 
scenarios, a reference case and an accelerated coal liquefac-
tion case. 

The analysis focuses on direct liquefaction because it is the 
closest to commercial status, is broadly applicable, produces 
liquids at a relatively low price compared to other liquefac-
tion alternatives, has experienced considerable recent 
progress, and shows potential for even further improvement. 
Other liquefaction options were not considered in this 
report. 

In direct liquefaction, high temperatures break up the large 
and complex coal molecules by rupturing carbon-to-carbon 
bonds. Hydrogen is then added to the liquid phase at 
elevated temperatures and pressures. Catalysts are used to 
increase the reaction rates. A solvent both transports the 
coal and enhances heat and mass transfer in the chemical 
reactions. 

The major potential advantages of direct liquefaction are 
high thermal efficiency and high liquid product yield. Also, 
the products have generally aromatic chemical structures 
which make high-quality motor gasoline. The principal disad-
vantages stem from the severe operating conditions involving 
coal slurries and the high degree of integration among 
process steps. 

Starting in the 1970s, a substantial effort has been made to 
develop improved second-generation direct liquefaction tech-
nologies suitable for economical large-scale plants. Cur-
rently, the only integrated full-time pilot plant for coal li-
quefaction in the United States is the Department of Energy 
(DOE) advanced coal liquefaction research and develop-
ment facility in Wilsonville, Alabama. Originally designed as 
a pilot plant for the Solvent Refined Coal (SRC) process, 
Wilsonville has evolved into a more versatile plant con-
figured to test a variety of liquefaction concepts. 

According to the report, direct liquefaction technology can 
now be considered to be technically ready for commercial 
demonstration by the private sector. However, the projected 
costs of products from direct liquefaction processes are 
higher than the current and near-term projected level of 
petroleum prices. 

The precommercial activities in the 1970s and early 1980s es-
tablished the technical viability of direct coal liquefaction. 
DOE's direct liquefaction research and development 
program has made significant improvements in the process 
technology. Liquid yields have been improved by more than 
30 percent. 

Major improvements in product quality have also been 
made. Coal liquids produced by current technology are of

much higher quality, and studies have shown that they have a 
value about $5 per barrel higher than for crude oil. Figure 1 
illustrates how the yields of high quality products have im-
proved since the early 1980s. The improvements have 
shifted the product slate from low-value gases and heavy 
residuals to high-value naphthas and distillates. 

World Oil Price 

Both the reference case and the accelerated case analyzed in 
the report share the same assumption about the future levels 
of world oil prices. The world oil price would rise following 
a modified medium oil price path extended through the year 
2030. Though a key factor determining the viability of coal 
liquefaction, the world oil price was not varied for the ac-
celerated case. 

Coal Liquefaction Cost 

The assumptions about coal liquefaction costs were 
developed on the basis of a literature survey of the current 
and likely future state of coal liquefaction technology. For 
the estimated cost factors, there was an implicit assumption 
that a pilot plant would be built to carry out further tech-
nological and cost studies. 

The reference case assumes the following cost factors: 

- Coal liquefaction technology will continue to im-
prove, reducing the capital and operating and main-
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tenance costs by 0.5 percent per year after the 
year 2000. (These factors implicitly assume that 
$30 per barrel cost is achieved before 2000.) 

- The discount rate is 10 percent (in real dollar 
terms). 

- A risk premium of 5.8 percent per year is required 
for the first three coal liquefaction plants built, and 
none for subsequent plants. 

- The capital charge rate is 16.2 percent (in real dol-
lar terms.) 

- Capital costs are $2.55 billion per plant. 

- Operating and maintenance costs are $16.42 per 
barrel of coal liquids. 

- The coal feedstock price for liquefaction equals the 
national average minemouth price. 

- Refinery credits are $9.45 per barrel of output. 

- A construction period of 6 years is required for the 
first three plants and 5 years for subsequent plants. 

- Plant capacity is 80,944 barrels of output per day. 

- The capacity utilization rate is 90 percent. 

- Operating plant life is 40 years, while the "book 
value" period is 20 years. 

- The efficiency of the conversion process is 
67 percent. 

The accelerated case differs from the reference case by one 
key assumption. That is, the financial risk premium of 
5.8 percent required for the first three plants built in the 
reference case is assumed to be eliminated to developers of 
those plants through federal assistance in some form. The 
assistance could be in the form of tax incentives, loan 
guarantees, direct subsidies, product price guarantees, or a 
combination of these and other possibilities. 

Forecast Results-Reference Case 

The results indicate that in the reference case the world oil 
price should reach a level before the year 2015 that will in-
duce the construction of coal liquefaction plants. Coal li-
quids are expected to be profitably produced by the year 
2020 in the United States. 

The report estimates that about 0.1 million barrels of coal li-
quids per day will be produced in 2020, rising to 1.1 million 
barrels per day by 2030. Coal consumption for liquefaction 
increases correspondingly.

The world oil price rises from $37.14 per barrel in 2010 to 
$42.54 per barrel in 2020 and reaches $45.95 per barrel in 
2030. Oil imports in 2030 are projected to be 18.1 million 
barrels per day. The minemouth price of coal increases from 
$32.36 per ton in 2020 to $35.01 per ton in the year 2030. 
The average delivered price of coal to electric utilities is 
projected to rise from $45.25 per ton in 2020 to $42.71 in 
2030. 

Coal production in the reference case is projected to in-
crease to 2.13 billion tons in 2020 and reach 2.73 billion tons 
by 2030. By the year 2030, total coal consumption is 
projected to reach 2.45 billion tons, with 2.09 billion tons for 
electricity generation, 202 million tons for all other domestic 
sectors, and 152 million tons for coal liquefaction (Table 1). 

Forecast Results--Accelerated Coal Liquefaction Case 

In the accelerated coal liquefaction case, coal liquids produc-
tion is Forecast to take place by the year 2010, 10 years ear-
lier than in the reference case. Coal liquids production is 
projected to rise rather rapidly to 2.5 million barrels per day 
by the year 2030, consuming about 354 million tons of coal as 
feedstock. The elimination of the risk premium implies that 
the operators of the first three plants will be able to finance 
their plants at a 10 percent rate of interest rather than the 
15.8 percent rate in the reference case. The lower cost for 
capital reduces the effective cost for coal liquids, making 
them competitive with oil sooner than in the reference case. 

The significant volume of coal liquids production in the ac-
celerated case is expected to bring about several changes in 
the overall energy balance: a slightly lower world oil price, 
lower United States oil imports, increased coal consumption, 
and a slightly higher coal price. 

In the accelerated case, the world oil price is projected to be 
$44.64 per barrel by 2030. The minemouth coal prices are 
forecast to rise to $35.43 per short ton by 2030. The higher 
minemouth prices are reflected in higher delivered prices of 
coal to electric utilities. 

In 2030, oil imports in the accelerated coal liquids case are 
projected to be 16.2 million barrels per day, compared to 
18.1 million barrels per day in the reference case. Domestic 
oil production is projected to amount to 8.0 million barrels 
per day, up from 5.9 million barrels per day in the reference 

case. 

Coal production in 2030, estimated at 2.91 billion tons, is 
181 million tons higher than in the reference case. 

Implications 

The results of the analysis indicate that a coal liquefaction 
industry could emerge in the next 20 to 30 years, says the 
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FIGURE 2 

SYNTHETICS FROM COAL 
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Coal Consumption 
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Coal Exports 
Million Short Tons 272.0 272.0 
Quadrillion BTU 7.2 72 

Coal Price (1989$) 
Dollars per Ton 35.01 35.43 
Dollars per MillionBTU 138 1.60 

World Oil Price 
1989 Dollars per Barrel 45.95 44.64 

Oil Imports 
Million Barrels per Day • 18.1 162 
Quadrillion STU 38.6 345

TABLE 1 

COMPARISON OF BASELINE AND ACCELERATED 
COAL LIQUEFACTION CASES IN 2030

report. The assumption of no financial risk in the ac-
celerated case, reflecting some type of government assis-
tance, illustrates that commercial coal liquefaction can be a 
reality much sooner than in the reference case (see 
Figure 2). 
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ECONOMICS 

COPRODUCTION OF LIQUID PHASE METHANOL 
SEEN TO BE ECONOMICALLY FEASIBLE 

Methanol can be substituted for conventional fuels in station-
ary combustion applications. In particular, methanol can 
serve as an excellent peaking fuel. Methanol contains no sul-
fur and has exceptionally low NO x characteristics. In fact 
NO emissions with methanol are substantially less than with 
disdlate oil and can be less than 50 percent of those with 
natural gas. This is because methanol burns with a lower 
flame temperature than distillate or natural gas. 

Unfortunately, most assessments show that methanol 
produced from coal will be expensive. This is the case when 
methanol is the sole product from coal, sometimes referred 
to as the 0a11-methanol' scenario. Alternatively, however, 
methanol can be coproduced as a byproduct in a coal gasifica-
tion combined cycle (CGCC) facility producing electric 
power. In this coproduct scenario, Air Products and Chemi-
cals says that - methanol can be baseload coproduced from

coal at a cost competitive with methanol from domestic 
natural gas and much lower than the cost of all-methanol 
from coal (Figure 1). This is primarily due to synergism be-
tween CGCC and the liquid phase methanol (LPM) process 
being developed by Air Products. Furthermore, if the LPM 
facility is considered as a flexibility enhancing module, with 
methanol being produced only during off-peak power 
demand periods, the incremental cost of methanol is even 
lower. 

A paper by J.C. Sorensen, W.R. Brown and R.B. Moore 
presented at the Power-Gen '90 Conference held in Orlando, 
Florida in December describes the synergistic economics 
which result from combining CGCC and LPM. 

Among the favorable characteristics of CGCC are: high ther-
mal efficiency', superior environmental performance; and the 
ability to handle all types of coals. As with any capital inten-
sive technology, it is important that facility utilization and 
product delivery be maintained at a high level. The liquid 
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phase methanol technology can support this objective in a 
number of ways. These include providing backup turbine 
fuel and maintaining high utilization in the event that cy-
cling, or load-following, service is required. 

Because coal gasification produces the hydrogen and carbon 
monoxide needed for methanol coproduction, the methanol 
synthesis step can be simply inserted into the CGCC flow-
sheet. In a single-pass arrangement, a fraction of the fuel is 
converted to methanol. This fraction is typically 20 percent 
of the heating value, though 0 to 50 percent is a feasible 
design range. Methanol is produced during low demand 
periods and accumulates in storage; during peak demand it is 
withdrawn and burned as peaking fuel. The front-end coal 
gasification section runs at full capacity, or baseloaded, all of 
the time. 

According to Sorensen et al., there are a number of charac-
teristics of the LPM technology which make for an ideal fit 
with CGCC applications. The ideal methanol synthesis tech-
nology must be able to directly process the CO-rich gas 
produced by advanced coal gasifiers. The CO concentration 
is high and the hydrogen-to-CO ratio low. Ideally, any CO2 
concentration can be handled from very low levels with a dry 
gasifier, to moderately high levels with a slurry gasifier. The 
ability to load-follow may be important also. Above all, the 
process must be reliable. 

The fundamental characteristics of the liquid phase 
methanol reactor make it particularly suitable for these 
needs. The reactor is a slurry reactor. The catalyst particles 
are very small, powder-size, and are suspended in an inert 
oil, a mineral oil. The synthesis gas bubbles up through the 
slurry. Hydrogen and CO dissolve in the oil and diffuse to 
the catalyst surface where the methanol reaction occurs. The 
product methanol diffuses out and exits with the unreacted 
syngas from which it is subsequently condensed and 
recovered. The reactor controls the reaction exotherm and 
maintains isothermal operation. This is because the liquid 
medium acts as a heat sink. The net heat of reaction is 
removed stably and simply through steam generation. 

Economic Implications 

To quantify the potential for LPM energy storage, Air 
Products evaluated the impact of new capacity addition on a 
moderate size, diversified utility system. The existing grid 
consisted of 600 megawatts of nuclear capacity, 
300 megawatts of modern coal fired plants, 1,000 megawatts 
of smaller, less-efficient grandfathered coal plants, 
300 megawatts of peaking turbines, and an unlimited supply 
of purchased power at $41075 per kilowatt-hour. Two varia-
tions of new capacity were studied: a new 600-megawatt 
CGCC plant; and the same 600-megawatt plant with a later 
add-on of an LPM unit. The LPM add-on would allow the 
plant to run either 600 megawatts, or alternatively 
480 megawatts while simultaneously converting 20 percent of 
the fuel gas heating value into methanol (860 tons per day).

Figure 2 illustrates how the utility dispatched the original 
available units in the system: low-cost nuclear first, the effi-
cient coal-fired capacity next, the inefficient grandfathered 
plants next, then the peaking units running on distillate, and 
finally, premium purchased power. 

In the case analyzed, a new 600-megawatt CGCC plant was 
found to shut down 500 megawatts of grandfathered 
capacity. The efficient, low incremental cost CCICC would 
dispatch right after nuclear. 

The results of adding methanol coproduction are seen in 
Figure 3 (page 4-31). With LPM as an add-on, the CGCC 
facility is run to produce 600 megawatts during high demand 
periods, and 480 megawatts plus methanol during low 
demand periods. The methanol is used to displace distillate 
fuel and is consumed during peak periods. In this case, the 
methanol production cost is $3.20 per million BTU (or about 
$0.21 per gallon). This cost is calculated for an LPM invest-
ment of $32 million. The methanol replaced $4.50 per mil-
lion BTU light distillate. Therefore the cost of the peaking 
power was reduced. For the entire grid, the cost of power 
was reduced by $00006 per kilowatt-hour, a savings of 
$5 million per year. This savings is relative to light distillate 
tied to $20 per barrel crude oil. If crude oil is considered at 
$30 per barrel, the savings would grow to over $10 million 
per year. 

Backup Fuel 

The Electric Power Research Institute has sponsored studies 
of the availability of CGCC power plant designs. These 
studies, which use fault tree analysis to characterize the 
failure modes of a plant, suggest CGCC plant equivalent 
availabilities of about 86 percent. The studies reveal that 
backup fuel represents the single most important oppor-
tunity to enhance this already good equivalent availability. 

For example, backup fuel in a CGCC facility can raise the 
equivalent availability over S points to over 91 percent. For 
power with a retail value of $0.06 per kWh, the incremental 
revenue justifies backup fuel at a breakeven delivered fuel 
cost of $6.40 per million BTU, including storage. For a 
600-megawatt facility, the incremental revenue opportunity is 
worth nearly $17 million annually. 

Many fuels can compete under the umbrella of the above 
breakeven fuel cost—including distillate, natural gas, and 
methanol. However, methanol offers the virtues of 
storability, zero sulfur, and very low NOx performance. Fur- 
ther, backup with natural gas can result in a derating of gas 
turbine power output, depending upon the performance 
characteristics of the particular turbine and the practicality 
of adding steam to the natural gas stream. Methanol can 
minimize this. In the case of LPM-based methanol, the 
backup fuel is derived from low-cost coal and is under the 
direct control of the plant owner. 
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FIGURE 2 

DISPATCH POWER ANALYSIS FOR EXISTING SYSTEM 
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DEflEC SEES OPPORTUNITIES IN CLEAN AIR ACT 

With the passage in 1990 of stringent new clean air legisla-
tion in the United States, the country's electric utilities face 
the challenge of continuing to meet increasing demand for 
electricity while sharply reducing emissions to comply with 
the new standards. No single strategy will meet every need. 
For example, switching to natural gas is seen as one of the 
best solutions for some utilities. But natural gas is much less 
abundant than coal, and increasing demand may eventually 
drive its price up. 

On the other hand, America's coal reserves are immense, 
and coal will continue to be the fuel of choice for many 
utilities for the forseeable future. Meeting the requirements 
of the Clean Air Act Amendments of 1990 will mean modify-
ing, repowering or replacing dozens of aging power plants. 
Several technologies which may fill this need include atmos-
pheric and pressurized circulating fluid-bed combustion, 
flue-gas desulfurization (scrubbers), and integrated coal 
gasification combined cycle (CGCC) processes. Of these 
three, Destec Energy, Inc. believes that CGCC is the supe-
rior coal-based technology and has the greatest potential for 
broad commercial application in the utility industry.

Destec's market manager, M.W. Roll, presented the 
company's views at the Alternate Energy '91 conference held 
in Scottsdale, Arizona in April. 

The Destec process removes the sulfur fromcoal prior to 
combustion, which significantly reduces acid rain. The new 
amendments to the Clean Air Act call for drastic reductions 
in acid rain-forming emissions of sulfur dioxide, to no more 
than 2.5 pounds per million BTU by 1995 and 1.2 pounds per 
million BTU by 2000. Destec's coal gasification plant SO2 
emissions are only a fraction of the new standards, at 
0.08 pounds per million BTU. NO x and CO, emissions are 
also low compared to alternate coal-based technologies. 
Additionally, there are no disposal problems because the 
high-grade sulfur and slag which are byproducts of the 
process have commercial applications. 

The coal gasification combined cycle plant in Plaquemine, 
Louisiana, which generates 161 megawatts of electric power, 
is operated by Louisiana Gasification Technology, Inc. 
(LGTI), a subsidiary of Destec. Energy produced by the 
plant helps supply the electric power and steam needs of the 
1,400-acre chemical manufacturing complex of Dow 
Chemical's Louisiana Division. Through January 1991 the 

SYNTHETIC FUELS REPORT, JUNE 1991 
430 



FIGURE 3 DISPATCH POWER ANALYSIS FOR CGCC FACILITY WITH METHANOL 0.10 *REPLACEMENT OF DISTILLATE 0.09 -	 PEAKING FUEL WITH LP METHANOL Cl) 
0 o 0.08 -AVERAGE POWER COST, $/KWH	 PURCHASED cc 0.07 - VARIABLE COST	 0.0146 
LU ' FIXED COST 	 0.0540 
ir 

r 0.06 - TOTAL COST 	 0.0686 a- DISTILLATE 0.05- +MeOH 
C .—
I— 60 0.04 GRANDFATHER[D Z 
W 0.03 COAL MODERN 0.02 CGCC/LP 	 COAL LNUCLEAR 0 0.01 0.00 I	 I	 I	 I 0.0 	 0.2 	 0.4 	 0.6 	 0.8 	 1.0	 1.2 	 1.4	 1.6 	 1.8 DEMAND USAGE, THOUSANDS MW 

SOURCE: SORENSEN at at.

LGTI plant had processed over 13 million tons of coal and 
reached a 90-day availability record of 71.2 percent. 

A test of bituminous coal took place in July 1990. The test 
coal was fed into the second stage of the gasifier while the 
primary reactor remained on Rochelle western sub-
bituminous coal. The test coal, classified as Illinois No. 6, 
was provided by Arch Minerals Corporation from their Cap-
tain Mine in southern Illinois. 

Utilities are keenly interested in the clean use of high sulfur 
bituminous coals, abundant in the eastern United States. 
This successful initial test with Illinois No. 6 coal in the 
second stage gasifier has provided Destec Energy with 
process and operating information important to the design of 
future gasification power plants that will be fueled by such 
coals. 

This test was performed to support Destec's coal gasification 
marketing strategy to utilize lower cost, abundant high sulfur 
fuel for future power generation while meeting the most 
stringent Clean Air Act Amendments and other environmen-
tal requirements. This second stage only test was neces-

sary, since LGTI's existing environmental permit precludes 
operation of the plant on a coal feed of greater than 
1.2 percent sulfur. 

The Destec coal gasification process includes a unique two-
stage gasifier. Coal is ground and slurried with water, form-
ing a high concentration solids mixture. Most of this slurry is 
fed into the first stage gasifier and combined with oxygen at 
400 psig. Products of the partial oxidation reaction that 
takes place within the first stage consist primarily of carbon 
monoxide, hydrogen, carbon dioxide and trace amounts of 
methane and nitrogen. The sulfur present in the coal is con-
verted primarily to hydrogen sulfide and carbonyl sulfide. 
Slag flows from a taphole at the bottom of the gasifier into a 
water quench, which freezes and shatters the molten slag. 

Syngas rises into the second stage gasifier where the remain-
ing slurry is fed. Addition of slurry reacts endothermically 
with syngas, enhancing the heating value of the gas by 
pyrolyzing and gasifying more coal. The slurry feed in the 
second stage also lowers the gas temperature to about 
1,900°F.
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Cost Competitive Position 

The Destec CGCC process is claimed to be exceptionally effi-
dent, convening more than 99.9 percent of the carbon in 
coal to syngas. The thermal efficiency of a coal gasification 
plant is better than alternative technologies under develop-
ment, such as atmospheric and pressurized fluid-bed combus-
tion and advanced pulverized coal. 

According to Roll, the Destec process offers other, less 
direct economic advantages as well. For example, plants 
using the process will be dramatically cleaner than the new 
standards require. Any plant operating so far below accept-
able emissions levels will earn substantial emissions credits. 
The utility can then either use these credits (worth an es-
timated $500 to $1,500 per (on) to offset emissions at other, 
higher emission plants it may own, thereby saving (or delay-
ing) the capital costs of installing scrubbers at those plants, 
or sell the credits to other utilities, thereby raising revenues 
to fund its operations. 

The savings are multiplied by the practice of economic dis-
patching, wherein a utility brings on-line its most efficient 
generating stations first, as electrical demand increases 
during the daily load cycle. Delaying the dispatching of 
older, inefficient (and more costly to operate) stations in-
creases the economic benefit to the whole system. 

Overall, Roll estimates the benefits from emissions offset-
ting, sales of emissions credits and economic dispatching 
could amount to saving hundreds of millions of dollars in 
operating costs. 

The economic benefits to a utility of repowering units with 
the CGCC process also extend to the region where the utility 
operates. By reducing the utility's contribution to regional 
emissions, the region would have room for emissions 
"growth" and would thus be able to attract additional invest-
ment and industry. Existing industry, also required to meet 
new clean air standards, would avoid being pressed simul-
taneously to reduce their own emissions and pay higher 
electricity rates. In many areas where locally mined coal is 
burned to generate power, the CGCC process can provide a 
new lease on life for the regional coal industry by allowing 
high sulfur coal to be burned cleanly and economically. 

Once the CGCC process is chosen, other cost savings can be 
realized because gasification plants can be built in a rela-
tively short period of time. The LGT1 plant, for example, 
was built in 21 months. Each gasification module is sized to 
produce syngas to power 150 to 280 megawatt combustion 
turbines. Therefore, if more capacity than 200 megawatts is 
needed at a gasification facility, the plant can be built in 
phases as demand requires, reducing the overall interest cost 
during the construction period versus building to capacity at 
the onset.

NEW EXXON LIQUEFACTION PROCESS SAID TO BE 
ECONOMICAL AT $35 OIL PRICE 

Exxon Corporation has developed a second generation coal 
liquefaction technology that could be economically viable 
with crude oil prices in the $35 to $40 per barrel range. 
G.F. Stuntz, from Exxon's research and development 
laboratories, reviewed the company's work on coal liquefac-
tion at the Alternate Energy '91 conference held in Scotts-
dale, Arizona during April. 

According to Stuntz, Exxon's work with regard to the upgrad-
ing of coal liquids to premium products which can be used as 
liquid transportation fuels has led to the conclusion that en-
vironmentally clean, premium liquid fuels can be produced 
from direct coal liquefaction. 

Stuntz says that while raw coal liquids are not suitable as 
products, they can be upgraded further to premium fuels. 
Some of Exxon's recent upgrading studies show that 
premium motor gasoline blendstock, diesel fuel and jet fuel 
can be produced; a high degree of product slate flexibility is 
possible; and a diesel fuel having reduced emissions and es-
sentially zero sulfur content can be made. 

The Exxon Donor Solvent (EDS) program culminated with a 
large commercial demonstration plant in Baytown, Texas 
known as ECLP which fed 250 tons of coal per day. A sig-
nificant component of the EDS program was product quality 
studies to establish that saleable liquid fuels could be made. 

Exxon has now developed a second generation technology 
which could be utilized with crude oil prices in the $35 to 
$40 per barrel range. As a part of developing this new tech-
nology, an extensive product upgrading program was con-
ducted which showed considerable flexibility in controlling 
what products were made. 

Exxon's new liquefaction process generates raw coal liquids 
which are relatively light, says Stuntz. The unconverted coal 
is used to generate part of the hydrogen required via partial 
oxidation and the raw naphtha plus distillate is further 
upgraded. No fuel oil is produced, and none of the product 
streams contain the high boiling aromatics which are 
suspected carcinogens. The raw naphtha is hydrotreated to 
remove nearly all of the sulfur and nitrogen and then 
catalytic reforming is used to produce a high octane gasoline 
blendstock. 

The distillate is hydroprocessed to produce both gasoline 
and diesel or jet fuel. However, says Stuntz, depending on 
the conditions used in the hydroprocessing step, the relative 
amounts of gasoline, diesel or jet fuel produced can be 
varied considerably. 

Figure 1 shows the relative amounts of light naphtha, refor-
mate and diesel under conditions where reformate produc-
tion was optimized. In this case, 70 percent of the liquid

-
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product is reformate and only a small amount of diesel is 
produced. The light naphtha has essentially no olefins or 
aromatics and can be blended into the gasoline pool. The 
reformate has a research octane number in excess of 105. 
Under current market conditions, this product would com-
mand a premium price as a gasoline blendstock, he says. 
This type of product slate is the economically preferred one, 
but potential restrictions on the level of aromatics in 
gasoline could make coal reformate less attractive. 

As shown in Figure 2, upgrading conditions which allow 
50 percent of the liquid products to be directed to the diesel 
range have been demonstrated. Coal diesel has a cetane 
value in the 42 to 53 range, compared with the typical 
40 level for current diesel fuels. It has essentially no sulfur 
and aromatics can be reduced to zero. The high cetane and 
low sulfur content of this coal diesel contribute to reduced 
particulate emissions. Even higher yields of diesel and less 
gasoline are possible if the liquefaction conditions are ad-
justed with this goal in mind, says Stuntz. 

An alternative way to minimize gasoline yield is to upgrade 
the products so that jet fuel is maximized. As shown in 
Figure 3 (next page), 63 percent jet fuel with much lower 
amounts of gasoline and diesel fuel was produced. Like the 
diesel fuel, the jet fuel contains essentially no aromatics and 
no sulfur. Because it is composed largely of saturated two 
ring molecules, the coal jet has higher density, or lower API 
gravity, than conventional jet fuels.

Considering possible future environmental constraints, says 
Stuntz, coal derived diesel and/or jet fuel may well be the 
preferred product slate. The diesel fuel which can be made 
is environmentally superior with high cetane, zero sulfur, 
zero aromatics, and low particulate emissions. The jet fuel 
has a 20 percent higher BTU content than typical jet fuels. 
It also has zero sulfur and aromatics. Making the aromatic 
reformate requires the lowest amount of hydrogen and cur-
rently appears to be the most attractive product slate. 
However, flexibility to make a wide range of products has 
been shown. 

BREAKEVEN PRICE OF $30 TO $40 PER BARREL 
COMPUTED FOR POINT OF AYR LIQUEFACTION 
PROCESS 

According to M.D. Gray, director of the British Coal Li-
quefaction Project, oil prices of $30 to $40 per barrel would 
be required to make the process economically competitive. 
Gray spoke at the Alternate Energy '91 conference held in 
Scottsdale, Arizona in April. 
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Work on British Coal's Point of Ayr liquefaction project got 
under way in 1986, with backing from the United Kingdom 
Department of Energy, the European Economic Community 
and Ruhrkohle, the German coal producer. More recently 
Amoco Corporation has joined the project. 

The project, at an overall cost of $70 million, aims to develop 
the British Coal process for the production of transport fuels 
with efficiencies up to double that of Sat international 
processes. 

The pilot plant processes 2.5 tonnes of coal per day using the 
liquid solvent extraction (LSE) process. 

Gray says the most recent economic assessments indicate 
that a plant, built around the turn of the century and produc-
ing 50,000 barrels a day of finished products from ap-
proximately five million tonnes of coal per year, could be 
economically viable. 

Although such a plant would be several times larger than any 
previously constructed, it would be able to take advantage of 
the improvements in recent years in chemical and engineer-
ing technology. 

Although several new coal liquefaction processes have much 
in common, several features of British Coal's LSE process 
make it exceptionally efficient: 

It employs two stages, which allows the dissolution

of the coal and the subsequent production of distil-
late products by catalytic hydrocracking to be op-
timized separately. 

The coal is dissolved at low pressure, without the 
need for hydrogen gas or catalyst to be present. 

- The small amount of coal which does not dissolve, 
together with all the mineral matter, is removed by 
filtration. 

British Coal claims that its technical expertise in filtration, 
combined with the low-pressure first stage and the use of spe-
cially developed catalysts in ebutlating bed hydrocrackers, 
enables the LSE process to handle a wide range of coals and 
lignites. 

Careful optimization of the two process stages results in a 
high overall yield of gasoline and diesel fuel, at a thermal ef-
ficiency which can exceed 65 percent. The gasoline meets 
premium grade specifications without the need for octane 
enhancing additives. The diesel is of very low sulfur content 
and has exceptionally good low temperature characteristics. 
Both of these fuels have very low sulfur and nitrogen con-
tents and are likely to meet any future transport standards. 

A block diagram of the LSE process is shown in Figure 1. 

Capital Cost Estimate 

A capital cost estimate has been developed by a United 
Kingdom chemical engineering contractor utilizing a detailed 
conceptual flowsheet for a 50,000 barrel per day gasoline and 
diesel from coal plant with some 35 stages, and uses manufac-
turers' estimates for all major equipment. The estimate ac-
curacy is plus or minus 25 percent. To this best-estimate 
capital cost is added a contingency of -S to +25 percent. 
Added interest during construction over 6, 7 or 8 years 
enables a total capital cost to be estimated and hence a capi-
tal charge. The actual capital costs were not given by Gray 
as the data is considered confidential. 

Preliminary Economic Results 

The following changes from the base case stand-alone, green-
field plant, producing 50,000 barrels per day of gasoline and 
diesel, were discussed: 

- Plant size doubled 

- Plant size halved 

- Alternate power station cost 

- Imported power 

- Imported power with hydrogen generated from 
natural gas, gas price constant 
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- Imported power with hydrogen generated from 
natural gas, gas price increasing with time 

The buildup of the capital cost estimate showed the large 
dependence on hydrogen production and the power station 
(some 45 percent), and also hydrocracking (15 percent), but 
not filtration (<2 percent). See Figure 2 (next page). 

The economic analysis covered plant life from 15 to 25 years 
and also considered design start dates between 1995 and 
2015 with construction periods of 6 to 8 years. Assumptions 
for oil and coal prices were made through to 2050. These as-
sumptions range from $11 to $33 per barrel in 1995 up to $24 
to $60 per barrel in 2050, and $35 to $57 per tonne in 1995 
up to $35 to $74 per tonne in 2050 for coal.

The break-even oil price in dollars per barrel as a percentage 
of the reference stand-alone case is given in Figure 3 
(page 4-37). Differences, both positive and negative, of 
about 15 to 20 percent are indicated over the range of cases. 
The reference case (100 percent point) corresponds to about 
$38 per barrel. 

The internal rate of return at zero net present value is shown 
in Figure 4 (page 4-38). This indicates that the rate of 
return, excluding inflation, could be 20 percent or higher, 
and that the stand-alone, coal only, plant over 15 years shows 
a positive rate of return. 
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FIGURE 3

EFFECT OF DESIGN CHANGES ON BREAK—EVEN PRODUCT PRICE 
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FIGURE 4 

INTERNAL RATE OF RETURN FOR 
DIFFERENT PLANT CONFIGURATIONS, LIFETIMES, AND START DATES 
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TECHNOLOGY 

WESTINGHOUSE TURBINE ADVANCES INCREASE 
POTENTIAL MARKET FOR 16CC SYSTEMS 

Westinghouse's experience with and projections for in-
tegrated gasification combined cycle (16CC) power systems 
burning coal were reviewed in a paper by R.V. Garland of 
the Westinghouse Power Generation Projects Division. 

Dow Chemical is currently operating two Westinghouse 
W5011)5 combustion turbines with synthetic gas from its coal 
gasification unit at Plaquemine, Louisiana. The turbines 
have been operating successfully and have matched inspec-
tion and overhaul intervals of natural gas fired machines. 

Dow Chemical's early experience with a coal gas-fired com-
bustion turbine was its pioneering conversion of a 
15 megawatt Westinghouse W191 in 1981 at the Plaquemine 
plant. That unit's combustors, fuel injectors, and controls 
were changed to accommodate the low heating value fuel 
gas. The success of that project set the stage for the later 
conversion of the two W501D5 machines. 

In order to assure a long term, low cost energy supply for its 
Plaquemine operation, Dow specified that the two W501135 
turbines, installed in 1982 and 1983, be capable of conversion 
to coal gas. Originally the two units were equipped with two 
fuel system manifolds: one for natural gas fuel, and one for 
steam for emissions control and power augmentation. 

Late in 1985, Dow asked Westinghouse to convert both units 
to coal-derived syngas. The two gas turbines and their heat 
recovery steam generators comprise the largest gasification 
combined cycle plant currently in operation. 

Modifications to the Combustion Turbines 

A synthetic gas fuel system was added to the existing natural 
gas system for each turbine. The components for the syn-
thetic gas must be much larger because its average heating 
value of 239 BTU per standard cubic foot (LHV) requires 
approximately four times the gas flow as with natural gas. 

Large diameter components that were added included feed 
pipes to each of the 14 fuel injectors, valves and piping from 
the gasifier to the turbines. 

Components and supporting logic were added to the control 
system to provide for the addition of synthetic fuel to the en-
gine while subtracting an equivalent quantity of energy from 
the natural gas stream. This could be done once startup on 
natural gas had been accomplished. 

The new control logic included features to protect the gas 
turbine compressor from surge in the case of excessive tur-

bine mass flowrate, which would impose a higher pressure 
ratio upon the compressor. The large flow of synthetic gas 
needed causes such a flowrate increase in certain cases. 

The W501135 gas turbines at Plaquemine each have 
14 combustors and each combustor has one fuel injector. 

Starting with the D5 series introduced in 1980, all Westin-
ghouse W501 combustion turbines were equipped with 
30 percent larger-diameter primary zones. This was based 
on laboratory testing which showed that these larger 
diameters not only allowed the combustors to accept syn-
thetic gas, but also improved performance on conventional 
fuels. 

As shown in Figure 1, the locations of steam and fuel were 
reversed in converting from natural gas to syngas. The 
original natural gas injector design appears at the right in the 
figure. Steam flowed straight through the center of the 
nozzle body, whereas natural gas came in through the elbow 
and fed the outer annulus of the nozzle. In day-to-day opera-
tion, steam amounts ranging from one-third to 100 percent 
of gas flow were readily assimilated, as plant steam and 
electric power demands varied. 

The view to the left in Figure 1 shows that the new nozzles 
have natural gas in the center, and steam and syngas in the 
outer annulus. According to Garland, the new design 
evolved as it did for the following reasons: 

- With syngas, large passages are required because 
this gas has only one-fourth the heating value of 
natural gas. 

- Geometrically it is easier to locate the large syngas
passages in the outside annulus of the nozzle. 

Full flow natural gas capability is still required 
when syngas is not being generated. The natural 
gas is now located in the central part of this nozzle, 
as is appropriate for its relatively small volume 
flowrate. 

- Full steam flow is still desired at certain times, 
primarily during natural gas operation. Steam is 
now tied into the syngas manifold. 

Following experiments with syngas injectors of various con-
figurations, a set of dual-fuel syngas/natural gas fuel injec-
tors (syngas orifices 0.5625-inch diameter) was installed in 
January 1988. At the same time, freshly repaired syngas bas-
kets were also installed. The engine was operated normally, 
with syngas as much as available, for 10,000 hours until April 
1989. The baskets were removed at that time and were

- 
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FIGURE 1 
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judged to be in as good a condition as baskets which had
	

WESTINGHOUSE 501F PERFORMANCE 
been run for 10,000 hours on natural gas. 	 ON NATURAL GAS 

The operation of the two units on Dow coal gas continues. 
They are operating under the same maintenance schedule as ISO Base Net Output 148,800 kWe 
natural gas fueled machines, which points up the success of Heat Rate (LIlY) 9,800 BTU/ICWh 
the conversion.	 . Thermal Efficiency 34.8% 

Pressure Ratio 14:1 
Westinghouse Advanced Combustion Turbines Air Flow 914 lbs/sec 

Turbine Inlet Temperature 2,300°F 
With the introduction of the Westinghouse 501F, high ef- Exhaust Temperature 1,0530F 
ficiency 1(3CC plants are possible today, with preliminary 
studies showing 40 percent thermal efficiencies and higher.

The 501F combustion turbine was a joint development effort 
between Westinghouse and Mitsubishi Heavy Industries. 
The 501F follows the traditional Westinghouse design ap-
proach incorporating cold end drive with axial exhaust. All 
casings have horizontal joints; compressor and turbine 
blades can be removed with the rotor in place. The 501F has 
a 16-stage axial flow compressor, 16 combustors, and a 
4-stage turbine with advanced cooling.

Table 1 lists the nominal performance figures for the 501F 
running at ISO conditions and fired with natural gas. For a 
standard 1(3CC design, the calculated performance figures 
show a net HHV heat rate of 8,570 BTU per kWh, 
39.8 percent thermal efficiency. 

For an IGCC system employing the highest allowable values 
for steam pressure (2,400 psig), gasifier pressure (1,200 psig) 
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and fuel temperature (1,000°F), the net heat rate, 8,400 BTU 
per kWh, is equivalent to 40.6 percent thermal efficiency. 
There are basic tradeoffs regarding high efficiency versus the 
degree of complication of the plant, and the resulting 
economics. Thus, at lower steam pressures, the slight loss of 
efficiency may not be a detriment when the economics are 
considered. 

Raising the gasifier pressure and adding a fuel gas expander 
helps produce the best available performance. But the 
added complication of the fuel gas expander with its added 
safety considerations and inherent buffer gas sealing require-
ments for the end glands makes this option dubious. Thus, 
the only practical advantage of high gasifier pressures might 
relate to vessel size; but, this is offset by the increased power 
requirements in the oxygen plant. 

The Humid Air Turbine Cycle 

The humid air turbine cycle (HAT) is a novel, high efficiency 
power cycle of intriguing possibilities. While it is known that 
the HAT cycle combustion turbine will be different from 
present standard design machines, the extent of the dif-
ference is not widely appreciated, says Garland. 

Figure 2 is a schematic of the HAT cycle. In this full-blown 
version of the cycle, compressor air is intercooled and after-
cooled before being piped to the saturator, the device that 
adds moisture to the air. The moisture-laden air is then 
heated in a recuperator prior to entering the combustion sys-
tem. Thus, low grade heat available from the intercooler 
and aftercooler is put to good use by reheating and humidify-
ing the compressor air prior to its entering the regenerator. 
The regenerator makes good use of the high grade heat from 
the turbine exhaust, and the saturator water heater utilizes 
the turbine exhaust gas low grade heat that remains after 
regeneration. Thus, the work of air compression is greatly

reduced, the rejected heat from the intercooler and after-
cooler is utilized, and mass is added to the motive fluid 
without parasitic work of compression—making each a direct 
contribution to increasing the turbine output and efficiency. 

A heat rate of 8,100 to 8,600 BTU per kWh (HHV) in coal 
gasification applications is estimated for the HAT cycle. 

The intercooling of the compressor and the elevated pres-
sure ratio required for optimum performance and economics 
of the HAT cycle necessitates a massive change in the con-
figuration of the current design combustion turbine. The 
501F turbine pressure ratio is 14 to 1, about half the value 
for HAT cycle applications. This obviously produces a reluc-
tance on the part of a turbine manufacturer to embark on a 
completely new turbine design when there is no guaranteed 
market payoff. 

However, a market analysis by the Electric Power Research 
Institute (EPRI) indicates that HAT could have the poten-
tial of 5.7 percent market penetration, worldwide, which 
equates to about 17 machines of 140 megawatt capacity per 
year over a 25 year period. See Figure 3. In addition, Wes-
tinghouse believes that stricter emission regulations can only 
enhance HAT's chances of penetrating the market. Thus, an 
even greater potential for the integrated gasification humid 
air turbine (IGHAT) will result. Westinghouse suggests that 
this ultimate potential may be more easily realized by first 
taking an intermediate step. If one of the latest combustion 
turbines, such as the 501F fired with natural gas, were in-
tegrated with a modified version of the HAT cycle, without 
an intercooler, the present design pressure ratio can still 
apply; the utilization of low grade heat in the aftercooler and 
stack gas cooler still exists; and the recuperator is still 
present. Essentially, this would be a low pressure ratio ver-
sion of the natural gas fired HAT cycle. 

FIGURE 3 
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Preliminary calculations indicate that the natural gas tired 
LHV heat rate would be about 7,400 BTU per kWh (LHV). 
The modified IGHAT HHV heat rate is estimated to be 
about 9,900 BTU per kWh. In Table 2 the heat rates for the 
HAT and modified HAT are listed. The modified HAT is 
obviously less efficient but its economics might be favorable 
under certain circumstances. Garland says a study is in order 
to find out.

TABLE 2

HAT AND MODIFIED HAT CYCLE EFFICIENCY 

Hat Heat Rate	 Mod. Hat Heat Rate 
Eis1 Source	 FF0/kWh	 MU/kWh 

Natural Gas	 6000-6300 (LHV) 7200-7400 (LH) 
Gasification	 8100- 8600 (HHV) 9700- 9900 (HHV) 

HAT performance based on EPRI/Fluor data. 
Modified HAT performance based on Westinghouse estimates. 

AMAX DEVELOPING PURE CARBON FROM COAL 
PROCESS 

AMAX Coal Industries is developing a coal refining process 
which will convert coal into liquid, gaseous, and solid fuels 
for industrial power generation. The heart of the research is 
a process which will convert coal char into pure fine carbon 
particles—a few microns or less in diameter—with the absence 
of sulfur, ash and nitrogen impurities. Carbon from the 
process should make an exceptional premium fuel for in-
dustrial power production, including use in gas turbines. 

The process was described by P.W. Woessner and M.C. Jha 
at the 1990 Industrial Power Conference held in St. Louis, 
Missouri last fall. 

The United States Department of Energy (DOE), through 
its Morgantown Energy Technology Center (METC), has 
been investigating the concept of mild gasification. In this 
process, coal is heated to about 1,000°F, in the absence of 
air and at ambient pressure, to remove the volatile contents 
of coal, leaving behind char which may be used as a utility 
fuel. Condensing the liquids yields about 0.5 barrel of oil per 
ton of coal; the remaining medium-BTU gas can be used as a 
fuel or chemical feedstock. 

A program between DOE-METC, Western Research In-
stitute (WRI) and AMAX to produce coproducts from west-
ern coal began in October of 1987. WR!, prime contractor

on the project, is responsible for developing the inclined 
fluidized bed reactor and the gasification process. AMAX is 
responsible for process evaluation, product upgrading and 
eventual commercialization. 

AMAX Coal Industries believes that an economically viable 
process is possible only if both the liquids and char could be 
converted into value-added products. Technology for 
upgrading liquids into valuable products is known. Chemi-
cally converting char into pure carbon appeared to be 
economically attractive, and technically challenging. 

Over the past 3 years, both AMAX and WRI personnel have 
been developing two process technologies for refining coal. 
To demonstrate the mild gasification process, Wit! built and 
is operating a 100 pound per hour process research unit 
(PRU) in Laramie, Wyoming. To establish process 
parameters for the char to carbon process (C1'C), AMAX 
built a 50 pound per hour PRO in Golden, Colorado. The 
Cit process was started in July 1990. 

If results from the two PRUs are encouraging AMAX plans 
to design and construct a 1 ton per hour pilot plant. 

The AMAX carbon process (ACP) is divided into two in-
dividual processes: mild gasification and char to carbon. The 
mild gasification process dries the coal then liberates liquid 
and gases, leaving the solid char. The Cit process takes the 
char and converts it into pure carbon and activated carbon. 

Char to Carbon Process 

The CIt process converts char from the mild gasification 
process to pure carbon with activated carbon as a coproduct. 
(See Figure 1). The chemistry for this process is a simple 
two-step operation. In the first step, hydrogen is forced over 
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the char at the appropriate temperature and pressure, con-
veiling carbon in the char to methane. In the second step 
methane is decomposed into carbon and hydrogen by heat-
ing the methane to the appropriate temperature. Although 
the chemistry looks simple, AMAX says that adjusting the 
thermodynamics and kinetics of the process to produce 
products in both reactors has required many years of 
research. 

The basic chemistry of the char to carbon process being 
developed by AMAX is similar to that of the Hydrocarb 
process being developed at Brookhaven National 
Laboratory. However, AMAX says there are major dif-
ferences in process design in terms of process integration, 
recovery and supply of energy, quality of the product, and 
market specifications. By combining both the mild gasifica-
tion and the char to carbon process, the ACP process can be 
altered to produce a wider variety of both liquid and solid 
products from coal. 

Initial Products and Markets 

To determine the economics of the ACP, AMAX evaluated 
the capital and operating costs for a 1,000 ton per day (feed 
coal) model plant. Table 1 shows the annual production 
rates for various coproducts from the model plant and 
details some of the intended applications. 

Power Plant Cycles 

During the last two decades, worldwide industrial and domes-
tic energy utilization has increased dramatically. Customer 
demand for usable forms of energy has been satisfied only by 
increased production of electricity and petroleum-based

fuels. At the same time, the world is becoming more environ-
mentally conscious, necessitating a worldwide reduction in 
emissions from conventional fuels. 

The gas turbine in combined cycle offers an attractive answer 
to both containing capital cost for the power plant, and im-
proving overall efficiency. However, the plants have been 
limited to natural gas and light fuel oil firing due to the re-
quirements for minimizing particulate matter in the gas path. 
Over the last 20 years, researchers have been working on 
various methods for using coal as a fuel in gas turbines. 

Pure carbon is a high calorific value (22 million BTU per 
ton) solid fuel with no ash or sulfur to detract from its value 
as a premium fuel. Discussions with gas turbine manufac-
turers indicate that pure carbon may possibly be burned in a 
gas turbine without significant alterations to the power plant. 
Modifications to the combustion system may be needed to 
increase retention time in the combustor, and changes in the 
fuel feed system are required to fire a solid fuel. The excel-
lent characteristics of pure carbon fuel could make it a good 
candidate for industrial power plants in the future, says 
AMAX. 

The program to evaluate the AMAX carbon process and 
produce commercial products for industrial evaluation is cur-
rently in Phase A of the program which evaluates the process 
technologies on a laboratory and PRU scale. After the 
research is complete, AMAX will build a 1 ton per hour pilot 
plant (Phase B program), at the AMAX R&D Center. As 
part of the Phase B program, carbon will be evaluated to 
determine its combustion characteristics in a gas turbine, and 
the overall cost of a carbon-fired industrial power plant will 
be estimated. 

TABLE 1

PRODUCT AND MARKETS 1,000 TPD PLANT

Product Tons Per Year Market 

Oil 15,000 Coal Dust Control 
Clean Pitch 15,000 Carbon Anode 
Carbon 85,000 Industrial Fuel/Feedstock 
Activated Carbon 10,000 Environmental Control 
Electricity 10 Megawatts Electricity
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SHELL PATENTS CENTRIFUGAL PUMP FOR DRY 
PULVERIZED COAL 

United States Patent 4,963,065 issued to A.M. Scott, 
B.B. Quist and T. Terlouw, and assigned to Shell Oil Com-
pany, concerns a "Centrifugal Pump for Pulverized Material." 

Background of the Invention 

The invention is a centrifugal pump for feeding pulverized 
material from a low pressure zone into a high pressure zone.

The centrifugal pump includes a hollow rotor with a central 
chamber communicating with a plurality of channels extend-
ing toward the outer rim of the rotor, each channel ending at 
the outlet with a nozzle (Figure 1). 

Such centrifugal pumps can be used for feeding pulverized 
coal particles into vessels containing high-pressure gas. 

Process applications would include coal gasification, coal 
combustion under pressure, supercritical gas extraction, iron 
ore reduction with solid fuel injection, feeding of catalyst to 
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a catalyst cracking unit, and feeding of limestone or dolomite 
to a sulfur removal installation under pressure. 

In operation, the pulverized material is supplied to the 
central chamber of the hollow rotor of the pump. Under the 
influence of the centrifugal forces exerted by the rotating 
rotor on the pulverized material, the material is displaced 
outward at great force and enters the channels leading to the 
outer rim of the rotor. These channels have a cross-sectional 
area that changes in radial direction from a rectangular 
shape to a circular shape. The pulverized material is ejected 
from each channel into the high pressure space via a nozzle 
on the outer edge of the rotor. 

A centrifugal pump of the above described type was 
patented by Lockheed Missiles & Space Company in 1980. 
The feed rate of the coal through the nozzles of the 
centrifugal pump in their patent is controllable by controlling 
a supply of gas under pressure to the interior of the nozzle. 

The material flow through the nozzles is in the form of mass 
flow. In this type of flow, there are no stagnant zones, and 
movement of the particles at the outlet of the nozzles implies 
movement of all other particles present in the nozzles. 

In view of the extremely high rotational speeds at which the 
rotors of centrifugal pumps for pulverized material are 
operated, it is desirable to decrease the overall diameter of 
such rotors because such a decrease in diameter will result in 
lower energy consumption of the electric motors that drive 
the pump rotors. 

It has been found, however, that shortening the length of the 
nozzles to obtain a rotor with relatively small diameter nega-
tively influences the control of the flow rate of the material 
through the nozzles. 

Summary at the Invention 

A purpose of the Shell invention is to design nozzles for a 
centrifugal pump for pulverized material, which do not show 
the above drawback of the prior art. 

In another aspect of the invention a conically shaped perme-
able wall is arranged coaxially with respect to the nozzle 
opening. The space between the permeable wall and the 
wall of the nozzle communicates with a conduit for the 
supply of gas. 

The centrifugal pumps, according to the invention, can be 
operated at high speeds at relatively low energy consumption 
without sacrificing flexibility in the feed rate of pulverized 
material. 

The nozzles are shown in Figure 2. 

The coal particles flow through the nozzle in the form of 
mass flow. The rate of such flow is controllable by varying

FIGURE 2 
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the supply rate of compressed gas that is supplied to the inte-
rior of the nozzle via the conduit, shown in Figure 2. The 
supply rate of the gas can be varied by controlling the speed 
of the compressor unit. The conically wedge-shaped form of 
the nozzle interior space ensures mass flow even at short 
lengths of the nozzle. Whereas at a given relatively short 
length, the use of a conically shaped interior of the nozzle 
would result in a so-called funnel-flow of the particles 
through the interior of the nozzle, (which type of flow cannot 
be controlled by varying the supply rate of the gas) the 
present conically wedge-shaped interior of the nozzle en-
sures mass now of the coal particles and consequently allows 
control of the rate at which they are allowed to pass through 
the nozzle interior. 

Other nozzle designs are presented in the patent, including 
one in which the nozzle is fastened to the rotor by a flexible 
bellows-like section, allowing the nozzle to vibrate during 
use.

#fl# 

IMPROVED PUMP SEALS HELP RECTISOL UNIT 
OPERATION AT GREAT PLAINS 

Since the installation of eight improved tandem seals on the 
four rectisol processing pumps, which are critical to the 
manufacture of synthetic natural gas (SNG) and other 
byproducts at the Great Plains Synfuels Plant near Beulah, 
North Dakota, there have been no seal failures. It is es-
timated that downtime, necessary to repair or replace a 
failed seal, could cost the plant as much as $15,000 per hour. 
According to an article in Gas Industries, seals previously 
used were unable to withstand the plant's severe operating 
conditions and failed about every 4 months, after about 
2,900 hours of service. 

The new specially-designed wedge-type tandem mechanical 
seals equipped with hydropad carbon rings have been in con-
tinuous dual train service for as long as 4 years without 
failure or replacement. The first four seals installed have 
operated for over 20,000 hours without malfunctioning. The 
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remaining four seals have each averaged 4,380 hours of 
operating time per year since installation. 

The Great Plains Synfuels Plant has saved an estimated 
$150,000 per year for the past 5 years in seal maintenance 
and replacement costs as a result of the improved reliability 
and extended service life of these new seals. Other benefits 
attributed to the new 909B tandem seals include: 

Elimination of seal shaft fretting 

Prevention of product leakage under the seal shaft 
sleeve 

Halting seal internal friction and resulting 
coking/flashing 

Keeping anti-rotation pins from breaking off from 
stationary seal faces 

Reducing seal installation time from about 4 hours 
to 15 to 20 minutes 

Elimination of mechanic installation errors, such as 
over-torquing of the former seal's wedge compres-
sion nut 

- A 50 percent reduction in seal purchase cost 

The last stage of the gasification process moves raw gas, en-
riched with hydrogen and carbon monoxide, to the plant's 
rectisol unit for removal of acid gas and organic impurities. 
The rectisol procedure involves moving the raw gas through 
a cold (-970F) methanol wash circulated by a centrifugal 
pump. The removal of sulfur compounds, naphtha, and most 
of the carbon dioxide is accomplished during this stage of the 
process. 

The cleaned gas is then passed over beds of nickel catalyst 
which causes carbon monoxide and most of the remaining 
carbon dioxide to react with hydrogen to form methane. 
After removing trace amounts of carbon monoxide from the 
methane, it is ready to be compressed into pipeline quality 
synthetic natural gas. 

Production from the plant averages 148 million cubic feet of 
SNG per day. 

Sealing failures in the rectisol unit have been a problem 
since the plant opened in July 1984. There were 12 pump 
seal failures in the first year of operation. Under the severe 
operating conditions of the unit, internal friction and heat 
building up inside the seals caused coking and flashing that 
burned out seal parts. 

The pumps are a critical component in the gasification 
process. Each pump, driven by a 1,750 horsepower motor 
and running at 1,780 revolutions per minute, transports

255,000 gallons of contaminated liquid methanol per hour 
through a methane wash tower. The methanol mixture is 
contaminated with abrasives and other materials that can 
cause the seals to fail. "It's an environment that works 
against seal performance," says R.L. DeMaria, a mechanical 
engineering supervisor for Great Plains. 

Because the pumps are so critical to the process, every seal 
failure had to be viewed as an emergency in order to mini-
mize downtime. The old seals took about 4 hours for a 
mechanic to install, while installation of the new tandem seal 
takes only 15 or 20 minutes. 

The new 909B PTFE wedge-type seal is designed for sealing 
in extreme temperature and chemical applications. It can be 
used with centrifugal pumps and other types of rotating 
equipment, and also when using corrosive liquids such as sul-
furic or hydrochloric acids. 

According to DeMaria, the biggest benefit of the new pump 
seals is their superior reliability which allows plant opera-
tions to continue safely and without costly interruptions. In 
addition, the new seal costs 50 percent less than the old seal 
it replaces. 

SINGLE-STEP COAL LIQUEFACTION PROCESS 
PATENTED 

United States Patent 4,968,414, issued to A. Delbianco and 
E. Girardi, assigned to Eniricerche SpA. of Italy, reveals a 
"Process for Singie-Step Coal Liquefaction." It is based on 
the use of carbon monoxide, water and a suitable catalyst in 
order to produce in situ the necessary hydrogen for liq-
uefying coal. 

The inventors have found that by carrying out the liquefac-
tion reaction at programmed increasing temperature values, 
the coal conversion process can be better controlled. 
Moreover, they have found that it is possible to improve the 
quality of the products. 

The process comprises reacting coal in an aqueous suspen-
sion with carbon monoxide in the presence of a conversion 
catalyst selected from an alkaline hydroxide or carbonate. 
The reaction takes place at a temperature first, maintained 
for about 20 minutes within the range of 3000 to 3700C, and 
then increased over a time of 20 to 40 minutes, until a tem-
perature of 4200 to 450°C is reached, at which value it is 
maintained constant for about 20 minutes. 

The pressure under which the liquefaction of coal takes 
place depends both on the amount of water which is charged 
together with the coal to the reaction system (i.e., in the 
aqueous coal suspension) which should be in a weight ratio 
of 2:1 to 5:1 relative to the coal; and on the partial pressure 
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of charged carbon monoxide, which should be within 40 to 
80 atmospheres at a total pressure of 150 to 
300 atmospheres. 

During the liquefaction process, water is at a temperature 
close to, or higher than, the critical temperature. 

For the conversion of CO to CO  and HT the preferred 
catalysts are sodium and potassium hydroxides and car-
bonates. 

Example 

A test was carried out on Illinois No. 6 coal. One gram of 
coal was charged to a reactor of 30 milliliter capacity, 
together with aqueous Na2CO3- 

The reactor was then pressurized with carbon monoxide, 
heated to a temperature of 350 0C and maintained at this tem-
perature for 15 minutes. The reaction temperature was sub-
sequently increased by 900C over a 30-minute time, and was 
maintained at 4400C for a further 15 minutes. 

The reaction product was recovered with tetrahydrofuran 
(THF). Starting from I gram of dmml coal (dry mineral mat-
ter free), more than 0.9 gram was recovered of a mixture of 
mostly non-distillable, THF-soluble hydrocarbons, 
40 percent of which were soluble in paraffinic solvents. 

The mixture of THF-soluble products showed an increased 
H/C ratio from 0.82 (the starting coal) to 1.04. 

In a comparative example, the reaction was carried out by 
heating the reaction mixture at 400 0C for 60 minutes. 

Under the same reaction conditions, excluding the tempera-
ture, at the end of the process more than 0.9 gram was 
recovered of a mixture of mostly non-distillable TI-IF-soluble 
hydrocarbons (H/C = 1.00), 26 percent of which were soluble 
in paraffinic solvents. 

Therefore, carrying out the reaction at programmed increas-
ing temperature values had increased the yield of hydrocar-
bons soluble in paraffinic oils from 26 percent to 40 percent. 

flit 

HRI RECORDS ADVANCES IN DIRECT LIQUEFACTION 

At HRI, Inc., the development of the C'FSL (catalytic two-
stage liquefaction) process has been progressing with United 
States Department of Energy (DOE) sponsorship since its 
invention in 1983. A paper by several HRI researchers was 
prepared for presentation at the 16th International Con-
ference on Coal and Slurry Technology, held April 22-25 
in Clearwater, Florida. The CI'SL process is based on the 
improved hydrogenation obtained with a low temperature

first stage followed by a close-coupled higher temperature 
second stage, and the ability to maximize distillate yield by 
recycling residual oil to extinction. Economic analyses indi-
cate that higher yields of better quality distillates significantly 
reduce the cost of producing coal derived synfuels. The cur-
rent program has therefore been directed towards maximiz-
ing the yield of high quality distillate. 

A flow diagram of the CTSL process is shown in Figure 1. 
The process consists of two identical size ebullated-bed reac-
tors currently using nickel-moly on alumina catalysts with the 
first stage at about 750°F and the second at 825°F with 
about 2,500 psi system pressure. 

Development studies under the present contract, which runs 
from 1988-1992, have included the assessment of cleaned 
coals, solid separation methods, catalysts (supported, dis-
persed and rejuvenated), on-line hydrotreating, slurry 
pretreatment, and process configuration. These studies have 
been conducted in continuous bench-scale units with support-
ing tests and modeling studies conducted on a microreactor 
scale. The bench-scale unit consists of a two-stage con-
tinuous ebullated-bed reactor system with a nominal capacity 
of 50 pounds of coal per day. 

Studies completed in 1990 and 1991 and showing promise for 
improved process performance include coal cleaning, solid 
separation, process configuration and catalysts. 

Coat Cleaning 

Oil agglomerated Illinois coals prepared using spherical ag-
glomeration with heptane and asphalt and one prepared by 
the OTISCA process were evaluated in a bench-scale opera-
tion and compared on a performance basis with run-of-mine 
(ROM) washed coal and heavy media cleaned coal. 

Both cleaned and ROM coal were evaluated in the oil ag-
glomerated coal study. The cleaned coal gave coal conver-
sions as high as 95.4 percent and a distillate yield of 
76.2 weight percent of MAY coal. This conversion was 
2 percent higher than for the ROM coal while distillate 
yields were 7 weight percent higher, reflecting higher yields 
of tight gases and unconverted coal for the uncleaned ROM 
coal. 

The other bench-scale run evaluated a cleaned Burning Star 
Illinois No. 6 coal that had been supplied by OTISCA In-
dustries. The cleaned coal, which had a weight median par-
ticle diameter of 5 microns, contained 3.5 weight percent ash 
(dry basis), and was provided as a 30 to 35 percent slurry in 
water. 

The highest yield of distillates was 73.8 weight percent of 
MAF coal in the higher severity operation with the cleaned 
coal. The distillate yield for the operation with uncleaned 
coal was 5 percent lower than with the cleaned coal at com-
parable conditions, in part due to the lower coal conversion, 
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FIGURE 1 
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but also because of greater residual oil yield. The highest dis-
tillate yield was about 3 weight percent below that obtained 
with coal cleaned by oil agglomeration. The principal cause 
of this difference was the lower coal conversions. 

Each of the cleaned coals studied showed higher reactivity 
when measured against untreated, mine washed coal. Distil-
late yields, coal and resid conversion are each significantly 
improved by the ash reduction and beneficiation produced 
by cleaning. The product quality, as shown by the 500 to 
650°F product analysis, is highest with the OTISCA coals. 
Residual oil conversion improves with ash reduction indicat-
ing that some components in the ash are catalyst poisons. 

Solid Separation 

Delayed coking and filtration processes are being inves-
tigated for separation of unconverted coal and ash from 
recycle oils. Illinois No. 6 bottoms were tested at Foster 
Wheeler Development Center using theft delayed coking 
technology in a mini coker, and bottoms from Black Thunder 
Wyoming coal were sent to the British Coal Corporation 
laboratories for evaluation using their proprietary filtration

process. Filtration tests at BCC were not complete at the 
time of the paper. 

The delayed coking tests demonstrated the feasibility to 
process coal liquefaction bottoms with operating variables 
quite different from those used for petroleum feeds. About 
40 weight percent of the 975°F plus liquid was converted to 
lower boiling oils and gas with a net distillate yield of 
30 weight percent. An overall liquid yield of 85 percent was 
obtained with the products being lighter and more aromatic. 

Process Configuration 

Several experiments have been performed in an effort to un-
derstand and improve on the processing of low rank western 
coals. Included is on-line hydrotreating. 

On-line hydrotreating was performed while feeding New 
Mexico McKinley Mine coal and has subsequently been 
tested on Black Thunder coal. In this 16-day bench-scale 
run, the heteroatom gases and light hydrocarbons exiting at 
high hydrogen partial pressure from the primary hot 
separator were fed directly into a fixed-bed hydrotreater at 
system pressure. In addition, tests were conducted feeding 
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heavier 650°F minus and vacuum gas oil back through the 
fixed bed on-line hydrotreater. Shell 424 NiMo catalyst was 
used.

and, surprisingly, hydrogenation improved as the run 
progressed. 

The on-line hydrotreating run demonstrated its effectiveness 
in reducing heteroatom content and improving the quality of 
the distillate products from liquefaction. Nitrogen content 
of the 500017 minus separator overhead product was reduced 
from 1,280 to 9 ppm and sulfur from 230 to 14 ppm. With 
heavier feeds, 625°F minus separator overheads, the 
nitrogen and sulfur product levels were 89 and 6 ppm, respec-
tively, and with the entire 975°F minus distillate product 
going through the hydrotreater, product nitrogen and sulfur 
were 72 and 2. This indicates that the efficiency of 
hydrotreating is very dependent upon the feed end point. 

Catalysts 

Following earlier tests in the program on supported iron 
promoted and on dispersed iron catalysts, a study was con-
ducted on "rejuvenated" supported, nickel molybdenum 
catalysts. Rejuvenation consists of an acid treatment to 
remove metals followed by carbon bum-oft 

The rejuvenated, supported nickel moly catalyst performed 
flawlessly for a planned 12-day operation, generating consis-
tent yields with minimal residual oil conversion deactivation,

This test demonstrates that catalyst rejuvenation can be used 
to lower the costs of producing CTSL liquids. A review of 
product costs based on processing a Wyoming coal in .a 
10,000 ton per day plant is shown in Table 1. Note that a 
50 percent reduction in catalyst costs using rejuvenation 
could potentially reduce product costs by more than 
$1.00 per barrel. 

In summary, HRI says these recent advances in direct li-
quefaction are translating into product and capital cost reduc-
tions that will make synthetic fuels from coal competitive 
with fuels from other sources. 

LIQUEFACTION RESEARCH PRESENTED AT ROCKY 
MOUNTAIN FUEL SOCIETY MEETING 

The 16th Symposium of the Rocky Mountain Fuels Society 
was held with the Western States Catalysis Club in Denver, 
Colorado during March. Several presentations concerned 
research on coal liquefaction processes. 

TABLE 1

CISL ECONOMICS 

Coal, Tons/Day	 10,000 
B/D Liquids	 39,365 
H Manufacture	 Partial Oxidation 
i^iM Investment, 1989	 1,5673 

Cost Consumed Cost 
Units S/Unit Units/Bbl Lffl 

Coal Tons 5.00 0.254 1.27 
Power KW 0.04 69.537 2.78 
Natural Gas MMBTU 1.97 1.087 2.14 
Raw Water 1,000 Gal 0.50 0.069 0.03 
Vacuum Bottoms Tons 1.00 0.000 0.00 
Catalyst & Chemicals 2.19 
Labor 2.79 
Maintenance 3.53 
Taxes 3.49 
Sulfur Tons 60.00 0.002 -0.12 
Ammonia Tons 150.00 0.002 -0.35 

Product Cost, 
Ex Capital 17.76
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Low Temperature Depolymerlzation/Liquefactlon 

At the Department of Fuels Engineering, University of 
Utah, a novel procedure for coal liquefaction under mild 
processing conditions has been developed. Essentially, it con-
sists of subjecting the coal to exhaustive depolymerization by 
selective low-temperature catalytic reactions, prior to 
hydroprocessing. The overall process is unique in 
predominantly producing light liquid fuels, instead of high 
boiling liquids which are characteristic products of conven-
tional high-temperature coal liquefaction. 

The depolymerization stage of the procedure consists of the 
following two sequential steps: (I) intercalation, that is, 
deep-seated impregnation of the coal with catalytic amounts 
(5 to IS weight percent) of Fed 3, followed by mild 
hydrotreatment (Hi) at temperatures of 2900C, and (2) 
base-catalyzed depolymerization (BCD) of the product from 
step I at 290°C. Depolymerized coals obtained by the above 
sequential treatment consist of mixtures of low molecular 
weight products, composed primarily of monocluster com-
pounds (approximate molecular weight range 100 to 300). 
Due to their greatly simplified molecular structure, such 
depolynierized coals are easily susceptible to hydroprocess-
ing (HPR) with sulfided catalysts in the final stage of the 
process. The HPR step results in exhaustive heteroatom 
removal and attendant partial ring hydrogenation and C-C 
hydrogenolysis reactions of the depolymerized coal to yield 
light hydrocarbon oils. 

In recent work sponsored by the Consortium for Fossil Fuel 
Liquefaction Science (CFFLS), systematic studies were per-
formed on the low-temperature depolymerization-
liquefaction of a Blind Canyon (Utah) coal. Suitable condi-
tions for high-yield conversion of this coal to light hydrocar-
bon oils, using the stepwise HT-BCD-HPR process, were 
determined. Under optimum conditions, the sequential HT-
BCD treatment of the Blind Canyon coals yielded 
90.4 percent of depolymerized, THF soluble product. Frac-
tionation of this product yielded oils, 61.5; asphaltenes, 14.6; 
and asphaltols, 23.9 weight percent. HPR of the 
depolymerized coal with a sulfided 6Co8Mo catalyst at 
3600C and H2 pressure of 2,700 psig yielded a hydrocarbon 
oil which contained 76.5 weight percent of low-boiling frac-
tions (gasoline, kerosene, and gas oil; boiling point up to 
325°C). 

Mild Coal Pretreatment to Enhance Liquefaction 

Coal pretreatment in coal conversion science and technology 
usually involves exposure of coal to some agents(s) under cer-
tain conditions for a given period of time. The premise of 
pretreatment of coal is a combination of environmental con-
cerns, economization of the conversion process and

prevention/mitigation of the operating problems associated 
with the conversion process. The concept of selective and 
mild coal pretreatment in coal liquefaction can be con-
sidered as creating favorable changes in maceral and/or 
mineral phases at ambient conditions. This concept uses in-
formation about the coal matrix to select the pretreatment 
agents and conditions. Research at the Colorado School of 
Mines has found that mild pretreatment of Wyodak sub-
bituminous coal using methanol and hydrogen chloride can 
provide considerable improvement in THF conversion of 
greater than 30 weight percent at 350°C reaction tempera-
ture. Possible explanations for the observed reactivity 
enhancement include mild alkylation at oxygen sites in the 
coal's organic phase, leaching of selected elements from the 
coal's mineral matter phase, or formation of chlorinated 
species such as FeCI3 which are known to be coal dissolu-
tion catalysts. 

Liquefaction Reactivity Enhancement by Oxygen Alkylation 

Also at the Colorado School of Mines, selective oxygen 
alkylation of a low rank coal (Wyodak subbituminous) has 
been investigated to determine the effect of this procedure 
on coal reactivity. The degree of reactivity enhancement was 
evaluated under direct hydroliquefaction and coal/oil 
coprocessing reaction conditions at both low and high 
severity conditions. Experiments were carried out in tubing 
bomb microautoclave reactors, and the effect on coal reac-
tivity measured by TI-IF solubility. 

Results of these experiments have indicated that oxygen 
alkylation is a beneficial step for enhancing the reactivity of 
coal. The effect is greatest at low severity, and for high or-
ganic oxygen (low rank) coals. 

Coal Reactivity Enhancement by Iron Pentacarbonyl 

Two different techniques are being used to impregnate coal 
with a precursor catalyst, iron pentacarbonyl. The first is a 
slurry method, where coal, THE, and Fe(CO) 5 are stirred in 
a round bottom flask. The second is a vapor deposition 
process. Coal is first stirred in a carbon dioxide environ-
ment, then slowly introduced to iron pentacarbonyl vapors. 

The hope in both techniques is that the "solvent" helps to 
swell the coal so as to help the diffusion of the precursor car-
bonyl into the porous matrix of the coal. 

The coal in both cases is eventually exposed to air where the 
iron pentacarbonyl is then transformed to iron oxide, Fe203. 
During a liquefaction reaction, the oxides are then trans-
formed into iron sulfides, a hydrogenation active catalyst. 
The oxide is very highly dispersed. 

nfl 
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INTERNATIONAL 

KOBRA PROJECT TO ESTABLISH BASIS FOR 600 MW 
WINKLER PLANTS 

Lurgi Corporation's A.T. Wechsler discussed the KOBRA 
Project at the Alternate Energy '91 conference held in Scotts-
dale, Arizona, in April. The KOBRA Project is a 
300 megawatt demonstration plant based on the High Tem-
perature Winkler (HTW) process that will be built in Ger-
many. Wechsler says this project will establish the basis for 
600 megawatt power plants using this technology. 

The HTW process was developed by Rheinbraun AG for the 
gasification of brown and hard coals, peat and biomass at 
elevated pressures. In 1990 Rheinbraun AG, Uhde GmbH 
and Lurgi AG signed agreements to introduce HTW technol-
ogy into the marketplace. 

Using fluidized bed technology, the HTW gasification system 
consists of the following main components: 

Cylindrical refractory lined reactor 
Recycle cyclone 
Dry coal feeding system 
Ash cooling and removal system 

KOBRA Project 

KOBRA is the German abbreviation for "combined cycle 
plant based on brown coal." A 300 megawatt combined cycle 
power station with integrated HTW gasification will be built 
for RWE Energie AG. The KOBRA plant will be located 
near Cologne, Germany on the premises of an existing 
facility (Goldenbergwerk). Figure 1 shows the block flow 
diagram (air gasification alternate). 

Raw brown coal, having a moisture content between 50 and 
60 weight percent, will first be dried to 12 percent moisture 
in a newly developed fluidized bed process. This process 
uses the condensing heat of the vapors from the dryer for 
coal moisture evaporation, which leads to a significant in-
crease in the overall efficiency of the power plant. 

The dried coal is then gasified using either air or oxygen as 
gasification agent. Engineering is being carried out for the 
KOBRA plant on the basis of both air and oxygen, consider-
big operability, overall efficiency, plant size, influences 
on/from downstream and ancillary units, safety, investment 
cost, etc. The decision about which gasification agent will be 
used for the KOBRA plant will be reached during the first 
quarter of 1992. 

The KOBRA gasification unit will consist of two trains. Two 
different gasifier designs will be applied for comparison.

FIGURE 1 
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After cooling in an evaporative section, the gas is dedusted 
and scrubbed prior to entry into the Lurgi Purisol desul-
furization plant. Sulfur is recovered in the Claus unit. The 
tail gas from the Claus unit is totally recycled to the main gas 
stream after hydrogenation of the SO  and recompression 
(Figure 2). 

The expected net overall efficiency of the KOBRA plant is 
about 7,800 BTU per kilowatt-hour or about 20 to 25 percent 
higher than conventional lignite power stations. By increas-
ing the cycle efficiency, CO2 emissions from fossil fueled 
power stations can be significantly reduced. 

The plant startup is scheduled for 1995. It is expected that 
the investment cost for a mature 600 megawatt power plant, 
based on the H'FW technology, will be lower than the cost of 
a conventional power plant with scrubbers and catalytic 
DeNO. x
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FIGURE 2 
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Outlook 

According to Wechsler, successful operation of the KOBRA 
plant will establish the basis for commercial 600 megawatt 
power stations in the near future. 

So far most of the work for the HTW technology has been 
carried out on lignite. Large scale tests in the 160 ton per 
day pilot plant with bituminous coals from the United States, 
Europe and other countries are planned for 1991-1992. 

BHEL MOVING BED GASIFICATION TECHNOLOGY 
STUDIED FOR 16CC APPLICATION IN INDIA 

Bharat Heavy Electricals Ltd. (BHEL) of Hyderabad, India 
has developed a technology for efficient utilization of low 
grade, high ash Indian coals. Details of the moving bed coal 
gasification technology developed for a combined cycle 
demonstration plant (CCDP) were outlined in a paper for 
the Sixteenth Biennial Low-Rank Fuels Symposium held 
May 20-23 in Billings, Montana.

India oil and gas reserves are limited, but coal is abundantly 
available and will continue to be the major source of energy 
for power generation. However, most available grades of 
coal in India are characterized by low calorific value and 
high ash content. The usage of such inferior quality coal is 
affecting the performance of conventional pulverized fuel 
fired thermal power plants. 

BHEL R&D Program 

Bharat Heavy Electricals Ltd., the largest engineering and 
power plant equipment manufacturing organization in India, 
is studying advanced coal conversion technologies, including 
atmospheric and pressurized fluidized bed combustion, pres-
surized moving bed and fluidized bed gasification, and mag- 
netohydrodynamics (MilD), as well as development of 
power generation systems based on new cycle concepts. A 
major coal research area is the introduction of integrated 
gasification combined cycle (IGCC) to improve availability, 
efficiency and environmentally acceptable power generation 
systems. 

An 18 ton per day pressurized fluidized bed gasification pilot 
plant is under testing to generate data for designing large 
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size IGCC plants. A 6 ton per day pressurized fluidized bed 
combustion test facility has also been installed for develop-
ment of combined cycle power generation plants. A 
6.2 megawatt combined cycle demonstration plant has been 
installed and power supplied to the gild.

Performance of Gasification Plant 

Test trials were conducted with coals from the Singareni coal-
fields containing about 27 percent ash and from North Karan-
pura coal mines containing about 40 percent ash using the 
air steam gasification mode. 

In addition, an MHD pilot plant facility with 5 megawatt 
(thermal) input has been established to generate research 
data for future open cycle MHD power generation systems. 

Combined Cycle Demonstration Plant 

RHEL established the 6.2 megawatt coal based combined 
cycle demonstration plant (CCDP) at its Tiruchirapalli unit 
which is the first of its kind in India and Asia. The plant is 
based on pressurized moving bed gasification technology. It 
was first operated on coal gas mode in 1988. 

The plant combined cycle consists of a 4 megawatt gas tur-
bine (GD and a 2.2 megawatt steam turbine (ST). 

The gasification plant consists of a 150 ton per day pres-
surized moving bed coal gasifier to produce 12,000 cubic 
meters per hour of gas with heating value in the range of 
1,200 to 1,600 kilocalories per cubic meter. 

A wet scrubbing system is used for cleaning the raw gas free 
from tar and dust particulates to meet the requirements of 
the CL 

The exhaust gases from the GT are fed to the waste heat 
boiler to produce steam. The steam generated is partly used 
for the gasification process and the rest is expanded in the 
steam turbine to generate 2.2 megawatts of power. 

The pressurized moving bed coal gasification plant 
developed for the CCDP is an in-house design. The gasifier 
is 8.8 meters high with an internal diameter of 2.72 meters. 
It is a double walled vessel, with the annulus filled with water 
and forming the jacket boiler. The saturated steam 
produced is in turn used in the gasification process. A water 
cooled coal distributor is located at the top section and the 
grate is at the bottom section. 

Coal sized between 6 and 25 millimeters is gasified by means 
of steam and air at a pressure of 10 atmospheres. The coal 
gas at 540°C is cooled in the gas cooler to 350 0C by the ex-
change of heat with the steam generated in the waste heat 
boiler. Cooled gas further passes through a quench column 
where it is cooled to 100°C and stripped free of tar by the cir-
culation of tar oil. 

Finally the gas is scrubbed free of dust particulates in a two-
stage wet scrubbing system and the clean gas is used for 
power generation.

The yield of gas was in the range of 2.0 to 2.4 standard cubic 
meters per kilogram of coal and the heating value of the gas 
was in the range of 1,200 to 1,600 kilocalories per cubic 
meter. The cold gas efficiencies were 70 to 87 percent and 
carbon conversion to gas was as high as 90 percent. 

A typical comparison of the performance of the gasification 
plant with Singareni and North Karanpura coal is given in 
Table 1. These are in line with similar data obtained from 
other coals. 

Commissioning of the gas turbine using coal gas as fuel was 
first carried out in 1988. The rated output of 4 megawatts 
was achieved with a gas flow of 10,000 cubic meters per hour 
and a heating value of 1,420 kilocalories per cubic meter. 

TABLE 1 

PERFORMANCE OF 150 TPD CCDP 
GASIFICATION PLANT ON TWO COALS 

Parameters 
Coal Singareni NKP 
Ash 26 37 
I-ICy of Coat KcaI/K 5160 4055 
Pressure Kg/cm 10 10 
Coal Flow Kg/hr 3833 4000 
Steam/Air Ratio Kg/Kg 0.50 0.50 
Steam/Coal Ratio Kg/Kg 0.74 0.66 

Evaluation 
Gas flow Nm3/hr 8990 8060 
HCV of Gas Kcal Nm3 1594 1526 
Gas Yield/kg Coal Mm 2.4 2.0 
Cold Gas Efficiency 72 76 
Carbon Conversion V0 87 82

SASOL MOVING FROM SYNFUEL.S TO CHEMICALS AT 
SASOL ONE 

Sasol Limited has begun a major renewal project at Sasol 
One. Part of this project includes an expansion of the fixed 
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bed Fischcr-Tropsch plant. For this expansion Sasol has 
designed a unit containing a 5-meter diameter tubular reac-
tor. While an advance technologically, this is a step that has 
been feasible for a long time and Sasol has been waiting for 
the opportunity for commercialization. 

Sasol continues to advance on its stated strategy of moving 
downstream into chemicals from coal in order to smooth out 
the effects of volatile oil prices. 

Aspects of this polio' include: 

Sasol commissioned a 120,000 ton polypropylene 
plant in April last year. This major thrust into plas-
tics based on coal is a first for Sasol in that it is an

gas use and to supply increasing demand for this 
chemical in the local markets. 

The ethylene recovery capacity of the Sasol Two 
and Sasol Three plants at Secunda is being ex-
panded by the addition of a C2 splitter unit. 

A new plant will produce n-butanol from the acetal-
dehydes available inside the Sasol facilities. 

• cresylic acid purification unit was commissioned. 

• major new open cast mine will supply a further 
3 to 4 million tons of coal annually to the Sasol 
facilities. 

export-based project. 

The renewal of the Sasol One facility includes shut-
ting down much of the synthetic fuels capability 
and expanding the fixed bed Fischer-Tropsch plant 
to produce additional waxes and solvents. Also in-
cluded is an ammonia plant to balance synthesis

- A new plant will produce anode grade coke from 
coal tar pitch. 

A number of further opportunities are under study 
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RECENT COAL PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the 201st ACS National Meeting held in Atlanta, Georgia, April 14-19, 1991: 

Moroni, E.C., "Direct Liquefaction: Where We Stand and Where Are We Supposed To Go - An Overview." 

Keogh, RA., et al., "Liquefaction Pathways of U.S. Coals." 

Davis, A., et al., "Microscopic Evidence of Competing Hydrogenation and Condensation Reactions During Coal 
Liquefaction." 

Marzec, A., et al., "Links Between Hydrogenation Behavior of Coals and their Gieseler-Solidification." 

Burgess, CE., et al., "Effects of Molybdenum Sulfide Catalyst on the Mechanism of Coal Liquefaction." 

Fatcmi-Badi, S.M., et al., "Characterization of Martin Lake Lignite and Its Residues After Liquefaction." 

Chattetjee, K., et al., "Solubilization of High Rank, Pocahontas No. 3 Coal." 

Bate, K., et al., "Coal Liquefaction with Model Solvents Containing Hydrophenanthrenes and/or Hydropyrenes." 

McMillen, D.F., et al., "Cleavage of Benzylaromatics and their Relevance to Coal Conversion." 

Wei, X.Y., et al., "Reactivities of Hydrogenated DI(l-Naphthyl)Methanes Toward Thermal Decomposition and 
Hydrocracking." 

Futamura, S., et al., "Mechanisms for Noncatalytic and Catalytic Hydrogen Transfer Processes Under Coal Liquefaction 
Conditions." 

Autry, T., et al., "A Theoretical and Experimental Study of Unimolecular and Biomolecular Radical Hydrogen Transfer 
Reactions." 

Song, C., et al., "Effect of Pore Structure of Ni-Mo Catalysts on Hydrocracking of Asphaltene and Preasphaltenc and 
Heteroatom Removal." 

Eklund, P.C., "Ultrafine Iron Catalysts for Coal Dissolution." 

Huffman, G.P., et al., "Structure and Dispersion of Iron-Based Direct Coal Liquefaction Catalysts." 

Sharma, R.K., et al., "Hydrotalcite Catalysis of Hydrotreating Reactions." 

Olson, F. S., et al., "Mechanism of Hydrotreating Reactions: Solid Add Catalysis." 

Song, C., et al., "Catalysis of Multi-Component Lewis Acids for Coal Hydroliquefaction and Model Compounds." 

Pradhan, V.R., et al., "Sulfated Metal Oxides as Catalysts for Coal-Oil Coprocessing." 

Penn, J.H., et al., "Dihydroquinone for Enhancing Coal Liquefaction Yields." 

Kim, H., et al., "Evaluation of Catalytic Role of Vanadium in Coal-Oil Processing Using Model Systems." 

Tomic, J., et al., "Retrogressive Reactions in Coal/Petroleum Co-Processing." 

Alnajjar, MS., et al., "Retrogressive Aryl-Alkyl Bond Forming Reactions Facilitated by Reactions of Sulfur-Centered 
Radicals."
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Ceylan, K., et al., "Reaction Pathways During Coprocessing. The Reaction of Illinois No. 6 Coal and Lloydminster Resid Un-
der Mild Conditions." 

Ettinger, M.D., et al., "Determination of Dideuterium Uptake in Coal Petroleum Resid Coprocessing." 

Taghiei, M.M., et al., "In-Situ XAFS Studies of Sulfur in Coal During High Temperature Pyrolysis and Oxidation." 

Carangelo, R.M., et al., "Coal Pyrolysis: Measurements and Modeling of Product Evolution Kinetics and Char Properties." 

Gray. ML., et al., "Surface Modification of Oxidized Coal by Methanol Vapor." 

Riley, iT., et al., "Distribution of Organic Sulfur in Raw and Solvent Extracted Coals." 

The following articles appeared in Energy fLs, March/April 1991: 

Hurt, R.H., et al., "Role of Microporous Surface Area in Uncatalyzed Carbon Gasification." 

Hags, T., et al., "Influence of Structural Parameters of Coal Char on K. and Ca-Catalyzed Steam Gasifications." 

Keogh, RA., et al., "Stable Carbon Isotope Analysis of Products from Coal/Tar Sand Bitumen Coprocessing." 

Miura, K., et al., "A New Coal Flash Pyrolysis Method Utilizing Effective Radical Transfer from Solvent to Coal." 

Lalvani, S.B., et al., "Lignin-Augmented Coal Depolymerization under Mild Reaction Conditions." 

The following papers were presented at the 16th Annual Low-Rank Fuels Symposium held May 20-23 in Billings, Montana: 

Pawlak, W., et al., "Feasibility of Agflotherm Process for Simultaneous Upgrading of Low-Rank Coals and Heavy Oils." 

Heng, S., "Upgrading of Low Rank Coal to Carbon Materials." 

Sears, R., et al., 'The Wilsonville Hot-Gas Cleanup Test Facility for Gasification and Pressurized Fluidized-Bed Combustion." 

Ramakrishnan, N.N., et al., "Bhel's Moving Bed Gasification Technology for ICGG Application." 

Goya], A., et al., "High-Pressure Gasification of Low-Rank Coal." 

Egan, N., "The J.E. Corette Magnetohydrodynamics (MilD) Retrofit." 

Lohrasbi, J., "An Economic Analysis of Coalfired Magnetohydrodynamics." 

Hulkkonen, S., et al., "New Power Plant Concept for Wet, Low-Grade Fuels." 

Rosholt, D., et al., "Western Energy Company Advanced Coal Conversion." 

McCord, T., "The LFC Mild Pyrolysis Process Handling and Combustion Properties of the Solid Fuel Process." 

The following papers were presented at the Council on Alternate Fuels meeting, Alternate Energy '91, held in Scottsdale, Arizona, 
April 16-19: 

Wolk, R.H., "Gasification: Core Technology for Future Power Generation." 

Roll, M.W., "Coal Gasification and the Clean Air Act." 

Bayens, CA., "Shell CGCC Sets New Standard for Clean Power from Coal." 

Siegart, W.R., "Texaco Gasification Project Status & HyTEX Introduction."
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Adihoch, W., "Rheinbraun HTW Coal Gasification Process - Application to a 300 Mw IGCC Plant." 

Gray, M.D., "Petrol and Diesel from Coal - A 50,000 bbl/day Plant." 

Marriott, .J.N., "Advances in Synfuels from Coal & Gas? 

Stuntz, G.F., "Premium Products from Direct Coal Liquefaction? 

The following papers were presented at the 16th International Conference on Coal & Slurry Technologies held in Clearwater, 
Florida, April 22-25: 

Hamilton, R., "Coal Liquefaction Progress & Prospects." 

Thambimuthu, KS., et al., "Abatement and Control of Greenhouse Gases from Coal." 

Roberts, S., et al., "The Clean Air Act and Its Implications on the Clean Coal Program." 

McGurl, G., "Overview of DOE's Indirect Coal Liquefaction Program." 

Abrevaya, H., et al., "Slurry Phase Fischer-Trnpsch Synthesis with Iron Catalysts." 

Fox, J.M., et al., "Slurry Versus Fixed-Bed Fischer-Tropsch Reactors." 

Studer, D.W., et al., "Current Development and Future Commercial Demonstration of the LPMEOH Process." 

Wang, F.Y., et al., "Raney Copper-Cobalt Catalyst for the Synthesis of Higher Alcohols from Coal Based Syngas? 

Vimalchand, P., et al., "Liquefaction Potential of Pittsburgh #8 Seam Bituminous Coal." 

Comolli, A.G., et al., "Recent Advances in Direct Coal Liquefaction." 

Vasquez, E.R., et al., "Non-Catalytic Reaction Models and Liquefaction of Coal With and Without Simultaneous Grinding." 

Cub, D.L., et al., "Integration of Coal Liquefaction and Coal Beneficiation." 

Meyer, L.G., 'The Charfuel Coal Refining Process." 

Duddy, J.E., et al., '"The Effect of Coal Concentration on Co-Processing Reactivity." 

COALS PATENTS 

"Method for Producing H2 Using a Rotating Drum Reactor with a Pulse Jet Heat Source," Leland E. Paulson - Inventor, United 
States Department of Energy, United States Patent Number 4,976,940, December 11, 1990. A method of producing hydrogen by an 
endothermic steam-carbon reaction using a rotating drum reactor and a pulse jet combustor. The pulse jet combustor uses coal dust 
as a fuel to provide reaction temperatures of 1300 to 1400°F. Low-rank coal, water, limestone and catalyst are fed into the drum 
reactor where they are heated, tumbled and reacted. Part of the reaction product from the rotating drum reactor is hydrogen which 
can be utilized in suitable devices, 

"Combined Gas and Steam Turbine Power Generating Station," Ulrich Shiffers - Inventor, Siemens AG, United States Patent Num-
ber 4,976,101, December 11, 1990. A combined gas and steam turbine power generating plant includes a gas turbine, a combustion 
chamber of the gas turbine, an exhaust gas line of the gas turbine carrying tangible heat; a coal preparation plant including a coal mill-
ing and drying device and a coal gasifier with a coal side connected to the coal milling and drying device and a gas side; an air decom-
position plant connected upstream of the coal gasifier on the gas side; a heat exchanger plant and a gas purifier connected 
downstream of the coal gasifier on the gas side including a pure gas line connected to the combustion chamber; a waste heat boiler 
connected to the exhaust line; and a device for utilizing the tangible heat in the exhaust gas line for drying milled coal in the coal 
preparation plant.
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'Catalyst for Hydrotreating Solvent for Coal Liquefaction," Yoshimasa Inoue, Yukuaki Mitarai, Toshi Yamaguc - Inventors, Sumito 
Metal Mining Co. Ltd., United States Patent Number 4,975,400, December 4, 1990. A new catalyst, which is Ni-Mo metal loaded on 
zeolite-alumina carder, provides efficient hydrotreatment of solvent for coal liquefaction and cracking of high boiling n-paraffins, 
whereby undesired accumulation of n-paraffins can be prevented and liquefaction operations can be stably performed over long 
periods of time. 

"Power Plant Installation," Karl-Owe Schneider - Inventor, RWE Energie AG, United States Patent Number 4,974,412, December 4, 
1990. A high-output main power plant comprises a coal gasifier producing a combustible fuel gas at a large volume/time output rate, 
at least one gas turbine fed by the fuel gas from the coal gasifier and burning same at a volume/time rate smaller than the output rate 
to produce heat and mechanical energy, at least one steam turbine fed by the heat generated by the gas turbine, and an electrical gen-
erator driven by the steam turbine. A conduit conducts the continuously produced excess fuel gas from the main plant to a remote 
user where there is at least one satellite plant itself comprising a gas turbine fueled from the conduit by the excess fuel gas from said 
main plant and burning this excess fuel gas at a volume/time rate substantially smaller than the output rate to generate mechanical 
energy, and another electrical generator driven by the mechanical-energy output of the gas turbine in the satellite plant. 

"Supercharged Coal-Fired Steam Generator," Hermann Bruckner, Gerhard Scholl, Stadie Lothar - Inventors, Saarbergwerke AG, 
Siemens AG, United States Patent Number 4,974,411, December 4, 1990. A gas and steam turbine power plant has a gas turbine with 
• gas side, a waste heat steam generator having a steam side and being connected downstream of the gas side of the gas turbine, and 
• steam turbine connected to the steam side of the waste heat steam generator. A super-charged, coal-fired steam generator has an 
exhaust gas vent line connected to the gas turbine. The coal fired steam generator includes at least one substoichiometricatly 
operated fluidized bed furnace system, an integrated dust separator connected downstream of the at least one fluidized bed furnace 
system, and a steam generator slag tap or wet tap furnace having burners with a gas side connected downstream of the dust separator. 

"Method and Apparatus for Melting Iron and Steel Scrap," Jerome Feinman, Sven Santen - Inventors, SKF Plasma Technologies AB, 
United States Patent Number 4,996,694, February 26, 1991. A method for melting iron and steel scrap wherein scrap is fed through a 
shaft furnace countercurrent to a reducing gas. The reducing gas is formed by passing air through a plasma generator and injecting 
coal and/or hydrocarbon into the hot air so that the ratio (CO 2 +H20)/(CO2 +H20+CO+H2) of the resulting gas becomes less 
than 0.2. The energy needed for melting is supplied as sensible heat of the reducing gas. The energy for preheating the scrap is sup-
plied by introducing oxygen containing gas into the preheating zone at a plurality of positions along the flow path of the reducing gas 
to provide stepwise combustion of the reducing gas. The introduction of the oxygen containing gas at said plurality of positions is 
balanced to keep the gas reducing to the metal scrap at scrap temperatures above 1,000°C, and preferably even above 800°C. The 
invention also comprises an apparatus for carrying the method into effect, and the apparatus comprises means corresponding to the 
various method features above. 

"Method of Preventing Adherence of Ash to Gasifier Wall," Kazuo Okada, Kunio Soga, Mario Sogame, Noriaki Tanaka, Toshio 
Tsujino - Inventors, Ube Industries Ltd., United States Patent Number 4,995,193, February 26, 1991. A method of preventing the 
adherence of the ash to a gasifier wall in a process for gasifying petroleum coke in the gasifier by partial oxidization reaction. The 
petroleum coke is mixed with 10 to 30 weight percent of coal based on the petroleum coke and the mixture is gasified at a gasifying 
temperature higher than the melting point of the ash of said coal. 

"Method for Determination of Slag Tap Blockage," Lloyd A. Clomburg, Jr., Otto E. Crenwelge, Jr. - Inventors, Shell Oil Company, 
United States Patent Number 4,988,368, January 29, 1991. A method for determining blockage of a coal gasification slag tap by ob-
serving changes in the sound pressure across the slag tap is disclosed. 

"Process for Removal of Flyash Deposits," Gunter K. Eckstein - Inventor, Shell Oil Company, United States Patent 
Number 4,988,367, January 29, 1991. A process for the gasification of coal is disclosed, the process being characterized by the 
removal of flyslag deposits in the quench zone of the process by temporarily reducing or stopping the flow of the quench gas to melt 
the deposits, and then resuming the ordinary quench gas flow. 

"Method for Producing Generator Gas and Activated Carbon From Solid Fuels," Herwig Michel-Kim - Inventor, United States 
Patent Number 4,987,115, January 22, 1991. A method and an apparatus for producing generator gas and activated carbon from solid 
fuels. A first gasification stage is supplied with fuel by an underfeed charging system and preheated air, the air and fuel being sup-
plied in the same direction. In a second gasification stage and accompanied by the supply of secondary air, an intermediate gasifica-
tion takes place. Finally, in a third gasification stage, the gas is reacted with glowing coke or charcoal, and the heat of the exiting gas 
is used for heating the air. The fuel centrally entering the first gasification stage is led from the inside to the outside and then up-
wards. Part of the entering fuel is precombusted in a precombustion chamber linked with the supply of the preheated air for reducing 
the oxygen content of the preheated air. In the intermediate gasification stage, the gas with the admixed air is passed through a Ven-
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turi nozzle or tube with a diffuser. The flue coal entrained from the first gasification stage is at least partly returned to the throat of 
the Venturi tube. The return is assisted both by vacuum in the Venturi tube and mechanically. 

"Preparation of Coal Liquefaction Catalyst," Tatsuo Fukuyama, Yoshio Kamiya, Sanseki Moriguchi, Eisuke Ogata, Toshihiko Okada 
- Inventors, Nippon Kokan K K, United States Patent Number 4,987,113, January 22, 1991. When low-quality iron ore is used as a 
coal liquefaction catalyst, in order to improve its catalytic activity it is subjected to one or a combination of reduction, heat-treatment, 
or washing with or immersion in water for a long period of time so as to remove catalyst poisons before it is used as a catalyst. When 
high-quality iron ore is used, it is first reduced with carbon monoxide and then used as a catalyst. 

"Process for Treating Coal Tar or Coal Tar Pitch," Katsumi Fujita, Yasunori Goda, Toyohiro Maeda, Makihiko Mori, Yoshiteru 
Nakagawa - Inventors, Osaka Gas Company Ltd., United States Patent Number 4,986,895, January 22, 1991. Pitch substantially free 
from primary and secondary Of components and solids comprising secondary 01 components are prepared by centrifuging coal tar or 
coal tar pitch at a high temperature, heat-treating the separated supernatant liquid and centrifuging again the liquid at a high tem-
perature. 

"Method for Recovering Waste Gases from Coal Partial Combustor, Motoaki Hirao, Minoru Komeno, Shunpei Nozoe, Hideki 
Takano, Toshiyuki Takeuchi, Katsunori Yoshida - Inventors, Kawasaki Juko'o KY, United States Patent Number 4,986,199, January 
22, 1991. A method is proposed for recovering high-temperature exhaust gases of high inflammability in terms of carbonaceous con-
centration from the partial combustion, at atmospheric pressure or near atmospheric pressure, of a mixture of pulverized bituminous 
or subbituminous coal and air as oxidizer gas, enriched with oxygen gas in a combustor apparatus having a cylindrical combustion 
chamber with a tangential injection duct, through which the fuel mixture is introduced into the combustion chamber to develop into a 
rapidly swirling vortex optimizing burning over a short period of time. As a result, the high temperature, inflammable exhaust gases 
are generated, of which the heat is recovered to produce steam in a boiler. After losing a portion of their heat to the boiler, the in-
flammable gases, following purification by a filter and desulfurization unit, recovery for subsequent thermal use in boilers, metallurgi-
cal or other chemical processes. The ash and other non-combustible products present in the gases are caused to move out outwardly 
in the combustion chamber as molten slag, forming the outermost part of the vortex, and flow down along the inner wall of the com-
bustor apparatus into its bottom where the slag is collected through a tapping port at the bottom. 

'Partial Oxidation of Sewage Sludge,' Albert Brent, Ronald J. McKeon, Matthew A. McMahon, Robert M. Suggitt - Inventors, 
Texaco, Inc., United States Patent Number 4,983,296, January 8, 1991. Municipal sanitary sewage sludge is disposed of by an un-
proved partial oxidation process without polluting the environment. Aqueous slurries of sewage sludge are upgraded by hydrother-
mal treatment, preferably while being sheared, concentrated, and then mixed with a supplemental fuel, preferably coal. A pumpable 
aqueous slurry of sewage sludge-coal and/or petroleum coke is thereby produced having a greater total solids and heat content 
(HHV) as well as containing an increased amount of sewage sludge for reacting with free-oxygen containing gas in a free-flow partial 
oxidation gas generator. Hot quench water or steam produced by cooling the hot raw effluent stream of synthesis gas, reducing gas or 
fuel gas from the gasifier may provide heat for the hydrothermal step. 

'Method for the Pretreatment of a Lumpy Carbon Carrier,' Rolf Hauk - Inventor, Deutsche Voest-Alpine lndustrieanlagenbau 
GmbH, United States Patent Number 4,995,904, February 26, 1991. A method is disclosed for pretreatment of a lumpy carbon car-
rier suitable for forming a fluidized bed and a solid bed used in the production of pig iron from iron ore. The ore is pre-reduced in at 
least one reduction plant and the thus produced iron sponge is subsequently final reduced and fused in a melt-down gasifier with the 
help of the lumpy carbon carrier and an oxygen-containing gas and is the carbon carrier is fed into the upper part and the oxygen-
containing gas is fed into the lower part of the melt-down gasifier. These materials form, together with the iron sponge, a fluidized 
bed in the melt-down gasifier. Below the fluidized bed, a solid bed is formed consisting of said lumpy carbon carrier. A suitable car-
bon carrier may be formed by pretreating available coal by one of two methods. Lumpy coal tending to burst upon subjection to a 
shock-like thermal load is preheated for a minimum of 1 hour at a temperature of at least 3000C prior to being fed into the melt-
down gasifier in order to diminish its bursting tendency and to reduce the thermal load to which it is subjected. Ground fine coal is 
blended with a binder and granulated into lumps.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since March 1991) 

ACME COAL GASIFICATION DESULFURING PROCESS - ACME Power Company (C-9) 

American Plastics and Chemicals, Inc. (APAC), based in Los Angeles, California, signed an agreement in 1990 to acquire the Acme 
Power Plant located in Sheridan, Wyoming. 

The Acme facility is a 12 megawatt coal-fired steam plant, which has been idle since 1977 when it was shut down in anticipation of a 
new nuclear power generating plant. 

APAC has formed Acme Power Company, a wholly-owned subsidiary, which will bring the Acme plant up to current environmental 
standards with appropriate emission controls prior to bringing it back on-line. The plant will initially operate in a conventional 
mode, using locally purchased coal. 

In addition to providing revenue through electric power sales, the modest capacity of the plant and its modular design will provide 
for a long term commercial demonstration of the desulfurizing coal gasification process which APAC has optioned. 

The project will demonstrate the commercial viability of the desulfurizing gasification technology and make it ready for the retrofit 
of other coal-fired facilities. 

The APAC coal gasification process can emphasize either acetylene production or power generation, depending on the coal-to-
limestone ratio used. Increasing the limestone component produces byproduct calcium carbide, from which acetylene can be 
produced. Increasing the coal component results in byproduct calcium sulfide. 

APAC's consulting engineers estimate that it will take about one year to bring the plant on-line after power sale contracts, environ-
mental permits, and project financing have been put in place. 

Project Cost: Undisclosed 

ADVANCED COAL LIQUEFACTION PILOT PLANT AT WILSONVILLE - Electric Power Research Institute (EPRI) and 
United States Department of Energy (DOE) (C-b) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. The Department of Energy began cot unding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program evolved over the years in terms 
of technology and product slate objectives. Kerr-McGee Critical Solvent Dashing was identified as a replacement for filtration 
which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at Wil-
sonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No.6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ITSL) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality, distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the 
process into two stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic com-
pounds in coal are removed between stages using Kerr-McGee's Critical Solvent Dashing unit before they can foul the catalyst. 

ITSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gener-
ating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAP coat were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAP. This represents substantial improvement over single stage coal liquefaction processes. 

Tests then concentrated on testing both types of coals with the dashing step relocated downstream of the catalytic hydrotreatment. 
Results showed that previous improvements noted for the two-stage approach were achievable (no loss in catalyst activity). Lower 
product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was continued in tests which used a truly coupled, two-stage thermal-
catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based catalyst (AMOCAT 1-C) was 
developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was increased by 60 to 90 percent over 
previous operations, while catalyst productivity doubled. Furthermore, an improved configuration was developed and proven out, 
whereby only the net vacuum bottoms are dashed, thereby reducing the equipment size substantially. 
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The improved dashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms. For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Amocat 1-A) to the 
rust stage reactor, resulting in a 70 percent MAY distillate yield. For subbituminous coal, more thermal volume was used, resulting 
in a 61 percent MAY distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active second stage 
catalyst. 

Later results showed that nickel-based bimodal catalysts can be used in both reactions, thereby allowing the aged catalyst from one 
stage to be cascaded to the other. This can increase operating flexibility and reduce overall catalyst cost. 

Recent work emphasized identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Texas) lignite. The Ohio coal run results suggest that deep cleaning of the coal prior to li-
quefaction can increase distillate yield by 7-8 percent. 

Current work using Amocat catalyst indicated the need to improve first stage reactor design. This led to modification of the LID 
criteria which resulted in increased productivity corresponding to improved mixing. This improvement was also demonstrated with 
low-rank (Powder River Basin) coal. Additional efforts regarding reactor optimization are required. 

Project Cost: Construction and operating costs (through calendar 19%): $139 million 

ALO AMMONIA/METHANOL OPERATIONS - AECI LTD. (C.20) 

AECI operates a 100 ton per day methanol facility and a 1, ton per day ammonia plant at its Moddcrfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate synthesisgas from sub-bituminous South African coal of low sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs ICI's tow pits-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys-
tem generates additional steam, and has reduced requirements for land for ash disposal. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeotite catayst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AEC] has also pursued development programs to promote methanol as a mute to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other test can on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked tIESANOL' by 
AECI. 'DIESANOL' is currently being evaluated as a diesel fuel replacement in a number of countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging technically but lacked economic 
feasibility, with the result that further work has been suspended. 

Project Cost: Not disclosed 

AMAX/EMRC MILD GASIFICATION DEMONSTRATION - AMAX, University of North Dakota Energy and Minerals Research 
Center (EMRC) (C.31) 

AMAX is considering a 1,000 ton per day plant at its Chinook Mine in Indiana. A fast fluidized-bed reactor will be used for mild 
gasification of this caking coal. It is planned to produce a diesel type fuel, as well as pure chemicals such as benzene and phenol. 

AMAX conducted prefeasibility studies and concluded that favorable economies depend upon upgrading the mild gasification chars 
to a higher value product. This is because char has lower volatile matter content and higher ash content than the starting coal. 
These characteristics make char a low value utility fuel. The char will be cleaned by simple physical methods, then further 
processed into a metallurgical coke substitute (pellets or briquettes) and possibly to activated carbon for the pollution control in-
dustry. The location of this project offers distinct marketing advantages for these products. 

A 100 pound per hour mild gasification process demonstration unit was started up at the Energy and Environmental Research Cen-
ter in Grand Forks, North Dakota in the fall of 1990. 

BE WAG 6CC PROJECT - BEWAG AG, Brown Boveri and Cie, and Lurgi GmbH (C-35) 

BEWAG AG of Berlin, in cooperation with Brown Boveri and Cie and Lurgi, has started to evaluate a project called 'Erection and 
testing of a 0CC based demonstration plant.'
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The project's ultimate goal is the erection of a 180 megawatt pressurized circulating fluidized bed (CFB) combined cycle power 
plant, with 40 megawatts obtained from the gasification, and 140 megawatts from the combustion section. As both sections may be 
operated individually, the 40 megawatt gas turbine could also operate on oil or natural gas. 

The split of 40 megawatts/140 megawatts for the gasification and combustion sections is not the optimum if efficiency were to be 
maximized, but this split was chosen to enable meeting of special requirements of the Berlin grid, and to enable demonstration of 
the smallest commercial size gas turbine. 

An engineering/process study to investigate the general feasibility of both pressurized CEB gasification and the coupling of pres-
surized CFB gasification With atmospheric CFB combustion was supported by the German Ministry of Research and Technology, 
and concluded in 1986. 

A second phase component testing program, costing DM12 million and supported by the German Ministry of Research and Tech- 
nology, is being carried out by a working group made up of BEWAG/EAB (Berlin), Ruhrkohle Oct and Gas GmbH (Bottrop), 
and Lurgi GmbH (Frankfurt), under the project leadership of EAR Energie-Anlagen Berlin GmbH. 

BI tEL COAL GASIFICATION PROJECT - Bharat Heavy Electricals Limited (India) (C-40) 

Bharat Heavy Electricals Limited (BIIEL), of Vikas Nagar, Hyderabad, India, considers fluidized bed coal gasification as a tong 
term perspective for combined cycle power generation. An 18 ton per day coal capacity pilot scale process and equipment develop-
ment unit (PEDU) has been built. 

BHEL as a manufacturer of power generation equipment has been involved in research and development activities related to ad-
vanced power systems. These include coal gas-based combined cycles. 

BIIEL's involvement in the development of coal gasification concerns the better and wider utilization of high ash, low grade Indian 
coals. The coals normally available for power generation are non-caking ang have ash content in the range of 25 to 45 percent by 
weight. The coals have high ash fusion temperature in the range 1,523-1,723 K. 

In the PEDU, coal is gasified by a mixture of air and steam at around 1,1730K and at a pressure of 1.013 MPa. 

Phase I of the fluidized bed coal gasification test program in the pilot scale plant is continuing. The plant was commissioned in 
early 1989 and further test trials were conducted. 

In Phase II of the fluidized bed coal gasification program, basic engineering of a demonstration scale 150 ton per day coal capacity 
gasification plant has been completed. The demonstration plant will be integrated with the existing 6.2 megawatt electrical gas 
turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed 

El ILL COMBINED CYCLE DEMONSTRATION PLANT - Bharat Heavy Electricals Limited (India) (C-50) 

Bharat Heavy Electricals Limited (BHEL) of Hyderabad, India is carrying out a broad-based research program aimed at better and 
wider utilization of Indian coal resources. One phase of that program has involved building a small gasification combined cycle 
demonstration plant using a fixed bed coal gasifier. 

The combined cycle demonstration plant (CCDP) is installed at the coal research and development complex of BIJEL at Trichy. 
The net power generation capacity at full load is 6.2 megawatts. The CCDP scheme consists of an air blown, fixed bed, pressurized 
coat gasifier, an industrial gas turbine firing the low-BTU coal gas, and a waste heat recovery steam generator behind the gas tur-
bine, which supplies a conventional steam turbine/generator. 

The plant was commissioned in March 1988 and has been in test operation since then, testing various coals with ash content in the 
25 to 40 nercent ranze. 

The test program on this plant has been com pleted and the plant's performance has been evaluated. A comprehensive test 
program was initiated for exploiting the moving bed gasification technology for commercialization. 

Project Cost: Not disclosed
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BOTROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG, Veba Oct AG, Minister of 
Economics, Small Business and Technology of the Slate of North-Rhine Westphalia, and Federal Minister of Research and Technology of 
the Federal Republic of Germany (C-60) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons raffinate oil were produced from 20,() tons of coal in more than 2,ODO operating 
hours. 

By this new mode of operation, the oil yield is increased to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 tons per cubic meter per hour. Furthermore high grade refined products are 
produced instead of crude oil. The integrated refining step causes the nitrogen and oxygen content in the total product oil to drop 
to approximately 100 ppm and the sulfur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived synciude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrrhemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 

The development program of the Coat Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy oil process was finished at the end of 1987. The plant capacity is 9 tons/hour of coal or alternatively 24 
tons/hour of heavy vacuum residual oil. The first oil-in" took place at the end of January 1988. Since then approximately 165, 
tons of heavy oil have been processed. A conversion rate over 90% and an oil yield of 85% have been confirmed. 

The project was subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRICC COAL LIQUEFACTION PROGRAM - Beijing Research Institute of Coal Chemistry - BRICC (C-68) 

In the early 1980s, China renewed study on direct liquefaction with emphasis on convening coal into clear, liquid fuel by direct 
hydrogenation. Two continuous process units (CPU) were set up at the Beijing Research Institute of Coal Chemistry. The 0.1 ton 
per day continuous liquefaction unit, set up jointly by China and NEDO (New Energy Development Organization) of Japan, had 
been operating for more than 1,000 hours as of 1990. A five kilogram per hour CPU using New German Technology was intro-
duced from the Federal Republic of Germany. To study various coal liquefaction processes and operation conditions, a 1.8 
kilogram per hour slurry continuous liquefaction unit from Xytel Company of the United States was also installed. 

A 24 tons per day coal throughput gasifier was to be put in operation in late 1990. A demonstration plant will then follow in the 
next five years. 

At present, research is being carried out in the following areas: (1) evaluation of coal liquefaction characteristics; (2) suitability of 
coal for small-scale continuous liquefaction units; (3) selection and evaluation of catalysts, and (4) upgrading of coal liquefaction 
products. Tests have shown that some Chinese lignite and high-sulfur coal are ideal feedstocks for liquefaction. The high sulfur 
bituminous coal from Tengxian and Beisu of Shandong province have very good liquefaction behavior and the oil yield can reach 
50 percent. The liquefaction behavior of lignite from Inner Mongolia and Yunan is also good. A NiMo catalyst, natural iron ore 
powder, ferrous disulfide, red mud from several aluminum factories and some compounds containing iron have been tested success-
fully. 

Research on indirect liquefaction, i.e., modification of the Fischer-Tropsch synthesis process is also being carried out by the Shanxi 
Research Institute of Coal Chemistry of the China Academy of Science. Based on laboratory study and tests in a single tube of 50 
millimeter diameter, a pilot test with an output of 100 kilograms per day of synthetic oil underwent tests in a chemical fertilizer 
plant in 1990. 

namsu COAL LIQUID SOLVENT EXTRAC'FION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle AG, Amoco (C-70) 

British Coal has built a 23 tons per day pilot plant facility at its Point of Ayr site, near Holywell in North Wales utilizing its Liquid 
Solvent Extraction Process, a two-stage system for the production of gasoline and diesel from coal. In the process, a hot, coal-
derived solvent is mixed with coal. The solvent extract is filtered to remove ash and carbon residue, followed by hydrogenation to 
produce a syncrude boiling below 300 degrees C as a precursor for transport fuels and chemical feedstocks. Studies have confirmed 
that the process can produce high yields of gasoline and diesel very efficiently—work on world-wide coals has shown that it can liq-
uefy economically most coals and lignite and can handle high ash feedstocks.
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British Coal dries and pulverizes the coal, then slurries it with a hydrogen donor solvent. The coat slurry is pressurized and heated, 
then fed to a digester that dissolves up to 95 percent of the coal. The digest is cooled, depressurized and filtered to remove mineral 
matter and undissolved coal. A fraction of the solvent washes the filter cake to displace the coal extract solution; residual wash oil 
is recovered by a vacuum that dries the filter cake. 

The coal extract solution is then pressurized, mixed with hydrogen and heated before being fed to the ebullating bed hydrocracking 
reactors. 

The product from this stage is distilled to recover the recyclable solvent and produce LPG (propane and butane), naphtha and 
mid-distillate. A byproduct pitch stream is siphoned off although material in this boiling range is primarily returned to the digest-
ion stage as part of the solvent. The remaining streams consist of light hydrocarbon gases and heterogases Conned from the 
nitrogen and sulfur in the coal. 

Project Cost: 20 million British pounds (1989 prices) construction cost plus 18 million British pounds (1989 prices) operating costs. 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-SO) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 k slurry per hour, with a coal to oil ratio of 40:60, and employs a If  pressure of 
25 MPa, and a temperature of 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage I and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35% and 55% 
(DAF) coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cubic centimeters) are used extensively in support of the continuous hydroliquefaction unit. Particular 
emphasis has been placed on matters relating to hydrogen transfer. M in-house solvent hydrogen donor index (SHDI) has been 
developed and has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroli-
quefaction. The research has also been concerned with the upgrading (refining) of product syncrudes to specification transport 
fuels. Experimental studies have included hydrotreating, hydrocracking and reforming, for the production of gasoline, jet fuel and 
diesel fuel. Jet and diesel fuel combustion quality requirements, as indicated by smoke point and cetane number for example, have 
been achieved via severe hydrotreatment. Alternatively, less severe hydrotreatment and blending with suitable blendstocks has also 
proven effective. High octane unleaded gasolines have been readily produced via consecutive hydrotreating and reforming. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing special-
ized analytical methodology, particularly via NMR spectroscopy, to service the above process studies. 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) adminis-
tered by the Australian Federal Government. 

Project Cost: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-90)

A program is under way on mild gasification of coal to heavy oils, tars and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide range of teperature (500 to 750 degrees C), coal particle residence time (10 seconds 
to 50 minutes), heatup rate (50 degrees C/second to 10' degrees C/second) coal particle size (50 to 300 microns) and additives 
(slaked lime, recycle ash, silica flour, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. 
Four different types of coal have been tried, Kentucky No. 8 and Pittsburgh No. 8 bituminous coal, a Mississippi lignite and a 
Wyodalc subbituminous. Generally the yields of oils from bituminous coals range between 20-25 percent (MAF), and about 
15 percent for subbituminous coal. 

A process for producing clean carbon black and coproduct hydrogen-rich gas and liquid methanol competitive with current prices 
of oil and gas is being developed. The HYDROCARB process can use any carbonaceous feedstock including coal, char, biomass 
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and municipal solid waste. I-IYDROCARII provides clean fuel for heat enaines (turbines and diesels), and offers reduced CO-  
emissions. 

Project Cost: $200,000 

CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company, United States Department of Energy (C-95) 

Calderon Energy Company is constructing a coal gasification process development unit. The Calderon process targets the clean 
production of electrical power with coproduction of fuel methanol. 

Phase I activity and Phase II, detailed design, have been completed. Construction of the process development unit (PDU) was 
completed in 1990. Test operation began in October 1990 and ran at 50 percent capacity during the early stages. 

The PDU will demonstrate the Calderon gasification process. In the process, run-of-mine high sulfur coal is first pyrolyzed to 
recover a rich gas (medium BTU), after which the resulting char is subjected to airbiown gasification to yield a lean gas (low BTU 
gas). The process incorporates an integrated system of hot gas cleanup which removes both particulate and sulfur components of 
the gas products, and which cracks the rich gas to yield a syngas (CO and 112 mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combined cycle power generation plant. The PDU is 
specified for an operating pressure of 350 prig as would be required to support combined cycle power production. 

Thc pilot project, designed to process 25 tons of coal per day, is expected to operate for six to twelve months while operating data 
is gathered and any 'bugs' in the system are worked out. 

The federal government has contributed $12 million toward project costs, with another $13 million coming from the Ohio Coal 
Development Office. 

Calderon Energy has obtained certification from the Federal Energy Regulatory Commission as a Qualifying Facility for a commer-
cial site in Bowling Green, Ohio. Calderon filed a proposal under the Clean Coal Technology program Round 3 to build a 
cogeneration facility supplying 87 megawatts of electricity and 613 tons of methanol per day. The project did not receive funding 
but Calderon plans to reapply under Round 4. A preliminary design and cost estimate has been prepared by Bechtel. Calderon is 
negotiating with Toledo Edison to sell the electricity which would be produced. 

Project Cat: Total Cat $215 million, PDU $15 million 

CAN DO PROJECT— Continental Energy Associates (C-lw) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazle 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility has been converted into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the original 
facility and in new gasifiers is being used to fuel turbines to produce electricity. The electricity will be purchased by the Pennsyl-
vania Power & Light Company over a 20-year period. Steam is also produced which is available to industries within Humboldt In-
dustrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is over $100 million. The Pennsylvania Energy Development Authority authorized the bond 
placement by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

The new facility is owned by Continental Energy Associates 

Project Cat: over $100 million 

CLIARFUEL PROJECT - Wyoming Coal Refining Systems, Inc., a subsidiary of Carbon Fuels Corporation (C-110) 

Wyoming Coal Refining Systems, Inc. (WCRS), formerly Char-Fuels of Wyoming, has secured about half the financin g required for 
t1Q ton per day Charfuel project at the Dave Johnston Power Plant near Glenrock, Wyoming. The plant would include gas 
processing and aromatic naphtha recovery with off-site hvdrotreatinc and product Quality verification. 

The State of Wyoming has contributed $8 million and has committed to provide an additional $8.5 million in assistance, contingent 
on WCRS raising a certain amount of private capital. WCRS has secured over Million in ca pital and contributions. 
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The project involves demonstrating a coat refining process. The first step is Thydrodisproportionation' which the company says is 
based on short residence time flash volatilization. Resulting char is mixed back with process-derived liquid hydrocarbons to make a 
stable, high-BTU, pipelineable slurry fuel. This compliance fuel could be burned in coal-fired or modified oil-fired burners. Addi-
tional products manufactured during the refining process would include ammonia, sulfur, methanol, MIME, WFX, and aromatic 
naphtha. The char can also be used as a feedstock for inte grated combined cwle Ossification (1GCC. 

Project Cost: $243 million 

CIII3MICALS FROM COAL—Tennessee Eastman Co. (C-120) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemical Company, continues to operate its chemicals from 
coal complex at Kingsport, Tennessee at the design rate of 900 short tons per day. The Texaco coal gasification process is used to 
produce the synthesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate 
are produced as intermediate chemicals, and sulfur is recovered and sold. 

The facility has averaged 97% onstream availability since 1987. By 1990, two million tons of coal had been gasified. 

In January, 1989, Eastman announced plans for a $150-million expansion of the chemicals-from-coal facility to be completed by the 
end of 1991. The project will more than double Eastman's output of acetyl chemicals from coal and increase its flexibility in sourc-
ing these products and in making their cellulosic derivatives. 

The expansion program will include construction of two new chemicals plants and modification of the coal gasification facilities. 
An acetic anhydride plant will be built, with capacity of 600 million pounds per year of anhydride and 180 million pounds of acetic 
acid. A new methyl acetate unit will produce 490 million pounds per year. 

The existing coal gasification facility will be able to handle the new anhydride demand with some debotttenecking, because the coal 
gas unit was built with some spare capacity. 

Project Cost: Unavailable 

Cl IINA ASH AGGLOMERATING GASIFIER PROJECT - The Institute of Coal Chemistry, China (C-123) 

The Institute of Coal Chemistry (ICC) of the Chinese Academy of Sciences is developing an ash agglomerating coal gasification 
process. The process is applicable to a wide range of coals including those with high ash content and high ash fusion temperature. 

In 1983, a small scale pilot gasifier, or PDU, was set up. At first, different coals were gasified with air/steam as gasifying agents to 
make low heating value gas for industry. Later, coals were gasified with oxygen/steam to make synthetic gas for chemical synthesis. 
A pilot scale gasification system of 24 tons per day coal throughput was scheduled for startup in late 1990. 

The gasifier is a cylindrical column of 0.3 meter inside diameter with a conical gas distributor and central jet tube on the bottom. 
The enlarged upper section is 0.45 meter inside diameter in order to settle out the gas-entrained coarse particles. The total height 
of the gasifier is about 73 meters. 

Predried coal is blown into the gasifier after passing through the lockhopper and weighing system. Preheated air/steam (or 
oxygen/steam) enters the gasifier separately through a gas distributor and central jet tube. The coal particles are mixed with hot 
bed materials and decomposed to gas and char. Because of the central jet, there is high temperature zone in the dense bed in 
which the ash is agglomerated into larger and heavier particles. The product gas passes through two cyclones in series to separate 
the entrained fine particles. Then the gas is scrubbed and collected particles are recycled into the gasifier through standpipes. The 
fines recycle and ash agglomeration make the process efficiency very high. 

Based on the PDU data and cold model data, a 1 meter inside diameter gasifier system was designed and constructed. It is to be 
operated at atmospheric pressure to 03 MPa with a coal feed rate of 1 ton per hour. 

CIGAS GASIFICATION PROCESS PROJECT - Fundacao de Ciencia e Tecnologia—CEWFEC (C-130) 

The CIGAS Process for the generation of medium BTU gas is aimed at efficient technological alternatives suitable for Brazilian 
mineral coals of high ash content. No gasification techniques are known to be available and commercially tested for Brazilian coals. 

SYNTHETIC FUELS REPORT. JUNE 1991 
4-66



STATUS OF COAL PROJECTS (Underline denotes changes since March 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The CIGAS Process research and development program has been planned for the interval from 1976 to 1998. In 1977 an atmos-
pheric bench scale reactor was built, from which were obtained the first gasification data for Brazilian coals in a fluidized bed reac- 
tor. In 1978 a feasibility study was completed for the utilization of gas generated as industrial fuel. Next the first pressurized reac- 
tor in Latin America was built in bench scale, and the first results for pressurized coal gasification were obtained. 

In 1979 the first atmospheric fluidized bed pilot scale unit was assembled (with a throughput of 7.2 tons per day of coat). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 03 tons per day of coal). The plant was fully 
operational in 1982. In 1984 the pressurized plant capacity was enlarged to 23 tons per day of processed coal and at the same time 
air was replaced by oxygen in the atmospheric plant. This unit started processing 17 tons per day of coal. 

In 1986 a unit was built to treat the liquid effluents generated throughout the process and studies on hot gas desulfurization were 
started in bench scale. By the end of 1988 pilot scale studies were finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1992 and in 1994 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 1998. 

Project Cost: 	 US$6.0 million up to the end of 1988. The next stage of development will require US$8 million. 

CIVOGAS ATMOSPHERIC GASIFICATION PILOT PLANT - Fundacao de Ciencia e Technolgia - CIENTEC (C-133) 

The CIVOGAS process pilot plant is an atmospheric coal gasification plant with air and steam in a fluidized-bed reactor with a 
capacity of five gigajoules per hour of low-BTU gas. It was designed to process Brazilian coals at temperatures up to 
1,000 degrees C. The pilot gasifier is about six meters high and 0.9 meters inner diameter. The bed height is usually 1.6 meters 
(maximum 2.0 meters). 

The CIVOGAS pilot plant has been successfully operating for approximately 10,000 hours since mid 1984 and has been working 
mainly with subbituminous coals with ash content between 35 to 55 percent weight (moisture-free). Cold gas yields for both coals 
are typically 65 and 50 percent respectively with a carbon conversion rate of 68 and 60 weight percent respectively. 

The best operating conditions to gasify low-rank coals in the fluidized bed have been found to be 1,000 degrees C, with the steam 
making up around 20 percent by weight of the airsteam mixture. 

Two different coals have been processed in the plant. The results obtained with Leao coal are significantly better than those for 
Candiota coal, the differences being mostly due to the relative contents of ash and moisture in the feedstock. 

CIEN'I'EC expects that in commercial plants or in larger gasifiers, better results will be obtained, regarding coal conversion rate 
and cold gas yield due to greater major residence time, and greater heat recovery from the hot raw gas. 

According to the CIENTEC researchers, the fluidized-bed distributor and the bottom char withdrawal system have been their main 
concerns, and much progress has been made. 

CLEAN POWER COGENERATION 10CC PLANT (TALLAHASSEE) - Clean Power Cogeneration Inc. (C-135) 

A 120 MW(e) coal-gas based combustion turbine combined cycle power generating system is planned for Tallahassee, Florida. The 
plant will include an air blown coal gasification system providing fuel to a conventional combustion turbine combined cycle base 
load unit. The system is to be built such that natural gas is initially used and coat gas is introduced a couple of months later. 
Natural gas will then be used as the backup fuel. In this way, the system will simulate (in sequence if not in actual time) the phased 
construction of today's combined cycle plants designed for long-term compatibility with coal gas conversions. 

The project, as proposed, will be built on a site outside Tallahassee, Florida near the existing Arvah B. Hopkins Power Station. 
The power plant will burn 1.270 tons per day of 13 to 33 percent sulfur eastern coal. In addition, the project will provide steam to 
a commercial facility to be built adjacent to the property. 

The air blown integrated gasification combined cycle (IGCC) project is being developed by Clean Power Cogeneration Inc., a 50/50 
joint venture between CRSS Capital, Inc., a leading independent power producer, and TECO Power Services (TPS), a subsidiary of 
a major southeastern electric utility. CRSS/TPS will develop the project under commercial terms and conditions using a United 
States Department of Energy program subsidy to reduce financial risks associated with the coal gasification phase of the plant. 

A coal gasification system is added in which coal is first gasified under pressure using steam and air to produce a low BTU fuel gas. 
The low BTU coal gas produced in the fixed-bed gasifier then goes to a hot gas cleanup (LIGCU) subsystem where the removal of 
sulfur compounds is accomplished in a solid sorbent bed. Because the sulfur that was present in the coal is removed prior to com-
bustion, scrubber equipment size and costs are potentially reduced. The cleaned gas is then delivered to a conventional gas tur-
bine modified to include a set of low BTU gas nozzles.
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The gasifier will employ the Lurgi 'fixed bed'design. Questions to be addressed by the Florida project include how much the 
$/kW level increases for the 10CC on an installed basis as compared to a conventional combined cycle and what is the $/kWh cost 
of operation (including fuel, maintenance, spares, etc.) when utilizing coal as compared 10 natural gas. Since the total cost of a 
120 MW natural gas based combined cycle system planned today is approximately $600/kW, a price of $600-700/kW (plus heat rate 
premium) is targeted for the coal gasification plant if the 10CC is to compete favorably with pulverized coal based systems with 
scrubbers. 

COALPLEX PROJECT - AECI (C-HO) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures poly-vinyl chloride (PVC) 
and caustic soda from anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of 
ethylene was available from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. 
The five processes include calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide 
and water, brine electrolysis to make chlorine, hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl 
chloride; and vinyl chloride polymerization to PVC Of the five plants, the carbide, acetylene, and VCM plants represent the main 
differences between coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COCA-1 PROJECT— Coal Gasification, Inc. (C-iSO) 

The COCA-i project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
I million tons of coal per year and will produce 675,000 tons of urea ammonia and 940,000 tons of urea per year. It will use a high-
temperature, high-pressure slagging gasification technology. When completed, the COGA-1 plant would be the largest facility of 
its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James R. Thompson announced a $26 million state and local incentive package for COCA-I in an attempt to move the $690 million 
project forward. The project sponsor is continuing with engineering and financing efforts. 

Project Cost: $690 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C-lW) 

The Colombian state coal company, Carbocol plans for a coal gasification plant in the town of Amaga in the mountainous inland 
department of Antioquia. 

Japan Consulting Institute is working on a feasibility study on the gasification plant and current plans are to build a US$10 to 20 
million pilot plant initially. This plant would produce what Carbocol calls a clean gas fuel' for certain big industries in Antioquia 
involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese study, this 
plant would be expanded in the 1990s to produce area if financing is found. 

Project Cost: $20 million initial 
$200 million eventual 

COOL WATER COAL/MSW GASIFICATION PROGRAM —Texaco Syngas Inc. (C-170) 

Original Cool Water participants built a 1,-1,200 tons per day commercial-scale coal gasification plant using the oxygen-blown 
Texaco Coal Gasification Process. The gasification system which includes two Syngas Cooler vessels, was integrated with a General 
Electric combined cycle unit to produce approximately 122 megawatts of gross power. The California Energy Commission ap-
proved the state environmental permit in December 1979 and construction began in December 1981. Plant construction which took 
only 23 years, was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A 
five-year demonstration period was completed in January 1989. 

Texaco and Southern California Edison (SCE), which have contributed equity capital of $45 million and $25 million respectively to 
the effort, signed the joint participation agreement on July 31, 1979. The Electric Power Research institute (EPRI) executed an 
agreement to participate in the Project in February 1980 and their contribution was $69 million. Bechtel Power Corporation was 
selected as the prime engineering and construction contractor and also executed a participation agreement in September 1980 and 
have contributed $30 million to the project. General Electric signed a participation agreement in September 1980. In addition to 
contributing $30 million to the Project, GE supplied the combined cycle equipment. The JCWP Partnership, comprised of the 
Tokyo Electric Power Company, Central Research Institute of the Electric Power Industry, Toshiba COP Corporation and Ill! 
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Coal Gasification Project Corp. signed a participation agreement on February 24, 1982 to commit $30 million to the Project. 
ESEERCO and Sohio Alternate Energy Development Company were non-equity contributors to the project, having signed con-
tributor agreements on January 20, 1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million 
project loan with a $6 million in-kind contribution by SC of facilities at SCE's existing generating station in Daggett, California 
completes the $263 million funding. 

A supply agreement was executed with Airco, Inc. on February 24, 1981 for Auto to provide 'over-the-fence' oxygen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation (SFC) for financial assistance in the form of a price 
guarantee in response to the SEC's first solicitation for proposals. This was designed to reduce the risks of the existing Participants 
during the initial demonstration period. The Project was not accepted by the SEC because it did not pass the 'credit elsewhere' 
test (the SEC believed sufficient private funding was available without government assistance). However, the sponsors reapplied 
for a price support under the SFC's second solicitation which ended June 1, 1982. On September 17, 1982, the SEC announced that 
the project had passed the six-point project strength test and had been advanced into Phase It negotiations for financial assistance. 
On April 13, 1983 the sponsors received a letter of intent from the SIt to provide a maximum of $120 million in price supports for 
the project. On July 28, 1983 the Board of Directors of the SEC voted to approve the final contract awarding the price guarantees 
to the project. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was successfully commis-
sioned in April 1985. 

A Utah bituminous coal was utilized as 'the Program' coal was burned at all limes that the facility was not burning an alternate test 
coal.. The Program could test up to  different coal feedstocks on behalf of its Participant companies. 

A 32,000 ton Illinois No. 6 coal (nominal 3.1 percent weight sulfur) test, a 21,000 ton Pittsburgh No. B coal (nominal 2.9 percent 
weight sulfur) test, and a 20,0 ton Australian Lemington high-ash-fusion-temperature coal (nominal 0.5 percent weight sulfur) 
test were completed. Energy conversion rates and environmental characteristics while running the alternate coals are essentially 
the same as those observed while burning the low sulfur Utah bituminous. 

The gasifier was started upon May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acccptance test was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

At the completion of the demonstration program in January 1989 the gasifier had been on-line for more than 27,116 hours, and 
gasified over 1,132,000 tons of coal (dry basis). Approximately 2.8 billion gross kWh of electricity was produced. 

In September, 1989 Texaco Inc. announced that Texaco Syngas Inc., its wholly owned subsidiary, had been awarded the rights to 
negotiate with Southern California Edison for the purchase and operation of the Cool Water plant. 

Texaco intends to utilize a new application of Texaco's technology which will permit Cool Water to convert sewage sludge to useful 
energy by mixing it with the coal feedstock. Sewage sludge has been disposed of for many years in landfills and by ocean dumping, 
methods that are now becoming unacceptable for either overcapacity or environmental reasons. Texaco has demonstrated in pilot 
studies that sludge can be mixed with coal and, under high temperatures and pressures, gasified to produce a clean synthesis gas. 
Texaco officials emphasize that its gasification process results in no harmful by-products. 

Acquisition of the plant is conditioned upon finalizing the terms of the purchase agreement and the completion of negotiations with 
SCE for the sale of electricity to be produced at Cool Water. In addition, negotiations will be required with municipalities and 
other governmental entities that produce and handle sewage sludge. 

Upon conclusion of the necessary negotiations, Texaco will invest additional capital in the Cool Water plant for modifications 
aimed at reopening the facility in late 1992. 

Project Cost: $263 million 

CR13 SPOUTED BED GASIFIER - British Coal, Otto-Simon Carves (C.190) 

A spouted fluidized bed process for making low-BTU fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CRE). A pilot plant has been built with a coal throughput of 12 tonnes per day. 

This project has been sponsored by the European Economic Community (EEC) under two separate demonstration grants. Results 
to date have established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 
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The CR13 gasification process is based on the use of a submerged spouted bed. A significant proportion of the fluidizing gas is in-
troduced as a jet at the apex of a conical base. This promotes rapid recirculation within the bed enabling caking coals to be 
processed without agglomeration problems. Coals with swelling numbers up 1085 have been processed successfully. 

Plant construction was completed in April 1985 and cold commissioning of all aspects of the plant was successfully achieved by June 
1985. As part of the contract with the EEC several extended trials were completed between April 1986 and March 1987 using char 
as bed material. Between April 1987 and November 1989, a further contract with the EEC investigated the use of inert bed 
materials and oxygen enrichment of the fluidizing air. This work enabled coal conversion efficjcncies on the order of 90 percent 
(mass basis) to be attained, and allowed gases to be produced with caloric values up to 73 Mum (dry, gross). 

Work on the 12 tonne per day pilot plant was directed towards providing design information for gasifiers operated at atmospheric 
pressure for industrial fuel gas applications. The aim was to develop a range of commercial gasifiers with a coal throughput typi-
cally of 24 to 100 tonnes per day. To this end a license agreement was signed by OSC Process Engineering Ltd. (OSC) to exploit 
the technology for industrial application. Designs of commercial gasifiers are available and OSC together with British Coal are ac-
tively promoting the use of the technology in the United Kingdom process industries. 

Although OSC has yet to build the first commercial unit, they say interest has been shown from a large number of potential clients 
worldwide. 

The application of the process for power generation is also being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 45 percent are predicted. A contract with the 
EEC to develop a pressurized version was initiated in January 1989. The proposal is to link the gasifier to a char combustor to 
form what is known at the British Coal topping cycle. 

CRIEPI ENTRAINED FLOW CASHIER PROJECI' - Central Research Institute of Electric Power Industry (Japan) (C-200) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on 
gasification, hot gas cleanup, gas turbines, and their integration into an IGCC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow gasifier (2.4 ton per day process development unit) adopting a dry coal feed sys-
tem has been developed and successfully operated. This gasifier has been determined to be employed as the prototype of the na-
tional 200 ton per day pilot plant. As of late 1989, the gasifier had been operated for 1,652 hours, and tested on 17 different coals. 

Research and development on a 200 ton per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively from 1986 and will be completed in 1993. 

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International 
Trade and Industry (MITI) and New Energy Development Organization (NEDO). They evaluated eight systems combining dif-
ferent methods of coal feed (dry/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant sys-
tem, from the standpoint of thermal efficiency, was determined to be composed of dry coal feed, airblown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot-
gas cleanup systems. 

For the project to build a 200 ton per day entrained-flow coal gasification combined cycle pilot plant, the electric utilities have or-
ganized the 'Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (IGC)' with 10 
major electric power companies and CRIEPI to carry out this project supported by 

MITI and NEDO. 

Basic design and engineering of the pilot plant was started in 1986, and manufacturing and construction started in 1988 at the 
Nakoso Coal Gasification Power Generation Pilot Plant site. Tests will be beginning in 1991 for the air-blown pressurized 
entrained-flow gasifier connected with the hot gas cleanup system and a high temperature gas turbine of 1,260 C combustor outlet 
temperature. 

Project Cost: 53 billion yen 

DANISH GASIFICATION COMBINED CYCLE PROJECT - Elkraft (C-205) 

The Danish Utility, Elkraft, in response to government directives to lower pollution by using more natural gas, says that it will in-
crease the use of natural gas to generate electricity. However, the utility says that it also plans for two power plants based on in-
tegrated coal gasification combined cycle (IGCC). The first will be a 50-megawatt demonstration unit at Masnedoe, at the site of 
an existing power plant that will be retired. 

The Danish energy minister was expected to decide by 1990 whether to approve this scheme. 
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lithe Masnedoc demonstration is successful, Elkraft intends to move on to construct a full-scale 300-megawatt 10CC unit at 
Stitsnacs, for service in 1997. 

It is not known which 10CC design Elkraft favors for the Masnedoe demonstration. 

Potential bidden could include Shell, Dow, Texaco and Knrpp-Koppers. 

DANISH GASIFICATION COMBINED CYCLE PROJECT - Elsam (C-206) 

The 10CC plant would be built as a ioint oroiect of the German Utility PreussenElektra and the Danish utilit y Sonderivilands 
Hoispaendinzsvae rk. 

Commissioning is planned for 1995. 

DELAWARE CLEAN ENERGY PROJECT - Texaco Syngas Inc., Star Enterprise, Delmarva Power & light, Mission Energy (C-208) 

Texaco Syngas Inc., Star Enterprise, a partnership between Texaco and Saudi Refining, Inc., Delmarva Power and Light Co. and 
Mission Energy have begun joint engineering and environmental studies for an integrated gasification combined cycle (IGCC) 
electrical generating facility. The project calls for the expansion of an existing power plant adjacent to the Star Enterprise refinery 
in Delaware City, Delaware. The facility would convert over 2,000 tons per day of high sulfur petroleum coke, a byproduct of the 
Star refinery, into clean, gaseous fuel to be used to produce about 200 MW of electrical power in both existing and new power gen-
erating equipment. 

Completion is planned for mid-1996 at an estimated cost of approximately $300 million (1990 dollars). 

The project has the potential to reduce substantially overall emissions at the Delaware City facilities, mom than double the current 
electric output and make use of the coke byproduct of the oil refinery. The Phase I studies will require approximately one year to 
complete (in 1991) at an estimated cost of $6 million. 

The existing power plant would be upgraded and expanded and would continue to operate as a cogeneration facility. 

Project Cost: 	 $250- 300 million (1989 dollars) 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of Destec Energy, Inc. (C-210) 

The Dow Syngas Project, located in Plaquemine, Louisiana, began commercial operations in April, 1987, operating at rates up to 
103 percent of capacity. As of January 1991 the project has completed 16,016 hours on coal. It has produced 17,425 billion BTU of 
on-spec syngas and has reached 1,305,141 tons of coal processed. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion BTU per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium BTU synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-I acid gas removal system and Unocal's Selectox sulfur conversion unit are also used at the Plaquemine, Louisiana, 
plant. Oxygen is supplied by Air Products. 

Construction of the plant was completed in 21 months by Dow Engineering Company. Each gasification module is sized to produce 
syngas to power 150-200 megawatt combustion turbines. Therefore, if more than 150-20) megawatt capacity is needed, the plant 
can be built in phases as demand requires reducing the overall interest cost during the construction period versus building all of 
the capacity at the onset. The project is owned and operated by Louisiana Gasification Technology Incorporated, a wholly owned 
subsidiary of Houston-based Destec Energy, Inc., a subsidiary of The Dow Chemical Company. 

In this application, the Dow Gasification Process and the associated process units have been optimized for the production of syn-
thetic gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels 
Corporation (now the Treasury Department) which is subject to the amount of gas produced by the project. The amount of the 
price guarantee is based on the market price of the natural gas and the production of the project. Maximum amount of the 
guarantee is $620 million. 

Project Cost: $72.8 million
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l)UNN NOKO1'A ME'IlIANOL PROJECT - The Nokota Company (C-220) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con-
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. $20 million has been spent, and 12 years have 
been invested in site and feasibility studies. After thorough public and regulatory review by the state of North Dakota, air quality 
and conditional water use permits have been approved. The Bureau of Reclamation released the final Environmental Statement 
on February 26, 1988. The Federal Water Service Contract was to be approved in 1990. Operation of Phase I of the project is 
scheduled to begin in 1996. 

In terms of the value of the products produced, the Dunn.Nokota project is equivalent to an 800 million barrel proven oil reserve. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. At full capacity, the plant will use 
the coal under approximately 390 acres of land (about 14.7 million tons) each year. Under North Dakota law, this land is required 
to be reclaimed and returned to equal or better productivity following mining. Nokota plans to work closely with local community 
leaders, informing them of the types and timing of socioeconomic impact associated with this project. 

Dunn-Nokota would produce approximately 81, barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced 

Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's output. Access to 
western markets for methanol through a new dedicated pipeline to Bellingham, Washington, is also feasible if West Coast market 
demand warrants. 

Construction employment during the six year construction period will avenge approximately 3,200 jobs per year. When complete 
and in commercial operation, employment would be about 1,600 personnel at the plant and 500 personnel in the adjacent coal 
mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) beginning 
in 1992 and mechanical construction beginning in 1993 on a facility producing at one-half the full capacity. Commercial operation 
of this phase of the project is scheduled for 1996. Construction of the remainder of the facility is scheduled to begin in 1995 and to 
be in commercial operation in 1998. This schedule is subject to receipt of all permits, approvals, and certifications required from 
federal, state, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cost:	 $2.2 billion (Phase land II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

ENCOAL LIt DEMONSTRATION PLANT - ENCOAL Corporation, United States Department of Energy (C-221) 

ENCOAL Corporation, a wholly owned subsidiary of Shell Mining Company of Houston, Texas, received funding from the Depart-
ment of Energy's Clean Coal Technology Round 3 Program for a 1,000 ton per day mild gasification plant at Shell's Buckskin Mine 
in Northeastern Wyoming. The government will fund 50 percent of the proposed $72.6 million total cost. The demonstration plant 
will utilize the LFC technology developed by 5(31 International. 

The demonstration plant will be put in service by the first quarter of 1992. The plant is designed to be operated as a small com-
mercial facility and is expected to produce sufficient quantities of process derived fuel and coal derived liquids to conduct full scale 
test bums of the products in industrial and utility boilers. Feed coal for the plant will be purchased from the Buckskin Mine which 
is owned and operated by Triton Coal Company (a wholly owned subsidiary of Shell Mining Company). Other United States coals 
may be shipped to the demonstration plant from time to time for test processing, since the process appears to work well on lignites 
and some Eastern bituminous coals. 

A Permit to Construct was received from the Wyoming Department of Environmental Quality, Air Quality Division for the 
demonstration plant. It was approved on the basis of the use of best available technology for the control of SO, NO, CO, 
hydrocarbons and particulates. There will be no waste water and source water requirements will be very small. 
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Ground was broken at the Buckskin mine site for the commercial process demonstration unit in late 1990. Work continued 
through the winter with the foundations being in place by early 1991. The plant will process 1,000 tons of coal per day and produce 
150,000 barrels of liquids per year plus 180,000 tons of upgraded solid fuel. 

Engineering, procurement and construction services are being provided by the M.W. Kellogg Company. SQl International will fur-
nish technical services. 

Estimated Project Cost: 	 $72.6 million 

FREETOWN !GCC PROJECT - Texaco Syngas Inc., Commonwealth Energy and General Electric Company (C-rn) 

The three companies have begun joint development of an electrical generating facility, using an integrated gasification combined 
cycle (10CC) design, in Freetown, Massachusetts. The facility would be known as the Freetown Energy Park. 

The energy park will be located on a 600 acre site along the Taunton River owned by a subsidiary of Commonwealth Energy. 

Texaco Syngas will design the plant to use the Texaco Coal Gasification process and General Electric's high efficiency, gas turbines. 
The initial phase will produce 440 megawatts of power lobe sold to New England utilities and gasify roughly 4,000 tons of coal per 
day. 

The plant will be one of the world's cleanest coal based power plants with emissions levels of particulates, SO ,, and NO x sig- 
nificantly less than conventional coal plants and below state and federal emissions standards. 

The gasification process involves the injection of a coal-water slurry with oxygen into a pressurized vessel where partial oxidation of 
the coal occurs and synthesis gas is produced. The gas leaves the vessel through a water bath where ash and particulates are 
removed as slag. The cleaned gas is then directed to a sulfur removal system, which removes 98 percent of the sulfur prior to its 
use within the gas turbine. 

Using the syngas, the gas turbine produces electricity while exhausting high temperature exhaust gas to heat recovery steam genera-
tors. The heat recovery steam generators produce steam for use in a steam turbine which in turn produces additional electricity. 
This combination of equipment is able to produce electricity in a highly efficient manner. 

Project startup is scheduled for late 1995 

FRONTIER ENERGY COPROCESSING PROJECT - Canadian Energy Developments, Kilborn International (C-225) 

Under the United States Department of Energy's Clean Coal Technology Round 3 Program, the Frontier Energy project received 
funding for the commercial demonstration of a state-of-the-an technology for the simultaneous conversion of high sulfur coal and 
heavy oil (bitumen) to low sulfur, lean burning, liquid hydrocarbon fuels plus the cogeneration of electricity for export. Two main 
liquid hydrocarbon products are produced, a naphtha fraction which can be used as a high value petrochemical feedstock or can be 
processed further into high octane motor fuel and low sulfur fuel oil that can be used to replace high sulfur coal in thermal power 
plants. Cogenerated electricity, surplus to the requirements of the demonstration plant, is exported to the utility electrical system. 

Frontier Energy is a venture involving Canadian Energy Developments of Edmonton, Alberta, Canada and Kilborn International 
Ltd. of Tucson, Arizona. 

The technology being demonstrated is the CCLC Coprocessing technology in which a slurry of coal and heavy oil are simul-
taneously hydrogenated at moderate severity, conditions (temperature, pressure, residence time) to yield a low boiling range (C5— 
975 degrees F) distillate product. 

The CCLC Coprocessing technology is being developed by Canadian Energy Developments Inc. in association with the Alberta Of-
fice of Coal Research and Technology (AOCR1) and Gesellschaft fur Kohleverfiussigung GmbH (01K) of Saarbrucken, West 
Germany. 

Two integrated and computerized process development units (PDU5), 18-22 pounds per hour feed rate, are currently being 
operated to confirm the technology in long duration runs, to generate operating data for the design of larger scale facilities and to 
produce sufficient quantities of clean distillate product for secondary hydrotreating studies and market assessment studies. 

Canadian Energy and GIK are planning to modify an existing 10 ton/day coal hydrogenation pilot plant to the CCLC Coprocessing 
configuration and to use it to confirm the coprocessing technology in large pilot scale facilities while feeding North American coals 
and heavy oils. Data from this large pilot scale facility will form the basis of the design specification for the Frontier Energy 
Demonstration Project. 

The demonstration project will process 1,128 tons per day of Ohio No.6 coal and 20,000 barrels per day of Alberta heavy oil 
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CiEX DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbcrgwcrke AG, and 
01K Gesellschaft fur Kohleverfiussigung MbII (C-230) 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Co-processing) and coals with low ash contents, 0W favors a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been Found that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

On the 31st of December 1989, GFK terminated the operation of its pilot and bench-scale facilities. The further development, par-
ticularly the demonstration of the counter-flow-reactor on the pilot scale, is now pursued within a cooperation with East Germany's 
company Chemieanlagenbau Leipzig-Grimma where an existing hydrogenation pilot-plant is presently being modified to the new 
concept. Operation will begin by mid-1991. 

Project Cost: Not disclosed 

GREAT PLAINS SYNFUELS PLANT - Dakota Gasification Company (C-240) 

Initial design work on a coat gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate the 
facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans called 
for a 250 million cubic feet per day plant to be constructed by late 1981. However, problems in financing the plant delayed the 
project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasification 
Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., 
Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership 
agreement, Great Plains would own the facilities. ANG would act as project administrator, and the pipeline affiliates of the 
partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the synthetic natural gas (SNG) sold on 
an unregulated basis. In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate 
quarterly according to increases in the Producer Price Index with a can eq ual to the energy-equivalent price of No. 2 Fuel Oil. 
During these negotiations. Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a subsidiary of 
Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's interest and 23 percent 
from Transco. 

Full scale construction did not commence until August 6, 1981 when the United States Department of Energy (DOE) announced 
the approval of a $2.02 billion conditional commitment to guarantee loans for the project. This commitment was sufficient to cover 
the debt portion of the gasification plant, Great Plains' share of the coal mine associated with the plant, an SNG pipeline to con-
nect the plant to the interstate natural gas system, and a contingency for overruns. Final approval of the loan guarantee was 
received on January 29, 1982. The project sponsors were generally committed to providing one dollar of funding for each three dol-
lars received under the loan guarantee up to a maximum of $740 million of equity funds. 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor, L! 
1373 million cubic foot per day design capacity) of high RTtJ pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 
tons per day of sulfur, 200 million cubic feet per day of carbon dioxide, potentially for enhanced oil recovery, and other miscel-
laneous by-products including tar oil, phenols, and naphtha to be used as fuels. Approximately 16,000 tons per day of North 
Dakota lignite were expected to be required as feedstock. 

In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The gas is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline running into the eastern United States. 

In parallel with the above events, DOE and the Department of Justice (DOJ) filed suit in the District Court of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14, 1986 the North Dakota Court found that state law was not applicable and that plaintiffs (DOE/DOJ) were entitled to a sum-
mary judgment for foreclosure. A foreclosure sale was held and DOE obtained legal title to the plant and its assets on July 16, 
1986. This decision was upheld by the United States Court of Appeals for the Eighth Circuit on January 14, 1987. On November 3, 
1987, the Supreme Court denied a petition for a writ of certiorari. 

The North Dakota District Court also held that the defendant pipeline companies were liable to the plaintiffs (DOE/DOJ) for the 
difference between the contract price and the market value price. This decision was upheld by the United States Court of Appeals 
for the Eighth Circuit on May 19, 1987. No further opportunity for appeal exists and the decisions of the lower court stands. 
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In early 1987 the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant. In August, 1988 it was 
announced the Basin Electric Power Cooperative submitted the winning bid for approximately $85 million up-front plus future 
profit-sharing with the government. Two new Basin subsidiaries, Dakota Gasification Company (DGC) and Dakota Coal Com-
pany, operate the plant and manage the mine respectively. Ownership of the plant was transferred on October 31, 1988. 

Under Dakota Gasification ownership, the plant produced gas at over 108 percent of design capacity.. 

In 1989 DCC began concentrating on developing revenue from byproducts. On February 15, 1991. a phenol recovery facilitywas 
completed. This project will produce 35 million pounds of phenol annually, providing manufacturers an ingredient for plywood and 
chipboard resins. The first railcar of phenol was shipped in January 1991. 

Construction of a facility to extract krypton/xenon from the synfuel plant's oxygen plant was completed in March 1991. Rare gases 
are to be marketed to the lighting industry starting in early 1991. DGC signed a 15-year agreement in 1989 with the Linde Division 
of Union Carbide Industrial Gases Inc. to sell all of the plant's production of the krypton/xenon mixture. The first shi pment of the 
Product occurred on March 15. 1991. 

In late 1990 DCC filed with the North Dakota State Health Department a revision to the applications to amend the Air Pollution 
Control Permit to Construct. The revised application defines the best available control technology to lower SO  and other emis-
sions at the plant. 

Project Cost: $2.1 billion overall 

GSP PILOT PLANT PROJECT - German Democratic Republic (C-250) 

Since 1983 a 30 tonne per day gasification complex has been in operation at Gaskombinat Schwarze Pumpe (GSP) in East Ger-
many. It produces more than 50,000 cubic meters of raw gas per hour. Practical results and experience gained during operation of 
this system are planned to be applied to the construction of a large-scale gas works, 5 to 10 times larger, with an annual output of 
2 to 4 billion cubic meters raw gas. 

The environmental compatibility of the GSP coal gasification process is said to meet the highest requirements even if coal that is 
rich in ash and sulfur and contains salt is used. The GSP process involves the gasification of pulverized coat under pressure, using 
the brown coal of the German Democratic Republic. Its mode of operation, however, is widely independent from the fuel, so that 
brown coal, hard coal, coke, high-ash coal, and so-called salt coal as well as waste products can be processed. 

A combined cycle demonstration with an output of 150 megawatts is being considered at Geiseltal. The Geiseltal power plant 
burns high-salt brown coal characterized by a high Na 0 and KO content in the ash of more than 20 percent. Brown coal with 
such high salt contents cannot be fired in conventional2power plants, because the low softening point of the ash results in severe 
contamination of the heating surfaces. 

Project Cost:	 Not disclosed 

I lOT GAS CLEANUP PROCESS - Southern Company Services, Inc. and United States Department of Energy (C-257) 

Southern Company Services, Inc. of Birmingham, Alabama in 1990 began a five-year, $46 million effort to develop advanced gas 
cleaning systems that could be the final link between advanced coal-fired power generating concepts and the commercial 
marketplace. 

Southern Company will build and operate a state-of-the-art test facility at Alabama Power Company's Wilsonville plant. When 
complete, this facility will be able to test innovative techniques for cleaning the gas produced by two advanced coal technologies-
pressurized fluidized bed combustion and gasification combined cycle systems. 

The new test facility at Wilsonville will move the hot cleanup techniques from laboratory research to integrated engineering tests. 
Actual gases from coal gasification or combustion will be used. 

A vessel will be built to create coal gases for the tests, consuming up to 2 tons a day of coal to create particulate-laden hot gases in 
an amount similar to what would be produced from a 2 to 3 megawatt power plant. Gases typical of both high pressurized combus-
tion and different methods of coal gasification will be produced.
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Researchers will be able to evaluate the performance of the cleanup devices while varying gas temperatures, gas pressures, particu-
late levels, particulate sizes and types of coal. 

Design and construction of the lest facility will take three years. Southern Company Services and M. W. Kellogg of Houston, Texas 
will design the facility, which will be built by Alabama Power Company and operated by Southern Electric International Inc. The 
Southern Research Institute will oversee the evaluation of the cleanup systems. 

DOE is providing $36.8 million, or 80 percent of the contract's total cost. Southern Company Services, with support from the 
M. W. Kellogg Company and the Electric Power Research Institute, is providing the remaining $9.2 million. 

DOE is currently sponsoring two other coal research efforts at the Wilsonville plant, a test facility for coal liquefaction technology 
and a unit that cleans coal before it is used. 

Project Cost: $46 million 

I IYCOL HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) 
(C-270) 

In Japan, the New Energy and Industrial Technology Development Organization (NEDO) has promoted coal gasification tech-
nologies based on the fluidized bed. These include the HYBRID process for high-BTU gas making and the low-BTU gas making 
process for integrated combined cycle power generation. NEDO has also started to develop coal gasification technology based on a 
multipurpose coal gasifier for medium-BTU gas. 

The multipurpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. Construction of the pilot plant in Sodegaura, Chiba was completed in August, 1990. Operational research is scheduled 
to begin in 1991 after a trial run. 

The key technology of this gasification process is a two-stage spiral flow system. In this system, coat travels along with the spiral 
flow from the upper part towards the bottom because the four burner nozzles of each stage are equipped in a tangential direction 
to each other and generate a downward spiral flow. As a result of this spiral flow, coal can stay for a longer period of time in the 
chamber and be more completely gasified. 

In order to obtain a higher gasification efficiency, it is necessary to optimize the oxygen/coal ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the lower stage burners generate high temperature gas. High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows 

- Coal reed 50 ton pe5day 
- Pressure 30ksjcni g0 
- Temperature about 1,800 C 
- Oxidant Oxygen 
- Coal Feed Thy 
- Stag Discharge Slag Lock Hopper 
- Refractory Lining Water-cooled slag coating 
- Dimensions Outer Pressure Vessel 2 Meters Diameter, 133 Meters Height 
- Carbon Conversion 98 Percent 
- Cold Gas Efficiency Th Percent 
- 1,000 Hours Cootinuous Operation 

The execution of this project is being carried out by the Research Association for Hydrogen from Coal Process Development, a 
joint undertaking by nine private companies, and is organized by NEDO. 	 Additional researches are also being conducted by 
several private companies to support research and development at the pilot plant. The nine member companies are:

Idemitsu Kosan Co., Ltd. 
Osaka Gas Co., Ltd. 
Electric Power Development Company 
Tokyo Gas Co., Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, Ltd. 
Hitachi, Ltd. 
Mitsui SRC Development Co., Ltd.
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IMlllZX MOLTEN CARBONATE FUEL CELL DEMONSTRATION - M-C Power Corporation, Combustion Engineering, Inc., 
Ins( itute of Gas Technology (C-273) 

Despite being turned down for funding under the United States Department of Energy's Clean Coal Technology Round 3 
Program, M-C Power Corporation is going ahead with a demonstration project to repower an existing coal-fired power plant with 
coal gas-fueled IMHEX molten carbonate fuel cells (MCFC). The proposed coal gasification/MCPC system can be used to fully or 
partially =power existing power plants regardless of the fossil fuel for which they were initially designed. This repowering should 
result in more economic plants, with greater capacity and reduced emissions of SO  and NO  says M-C Power. 

The IMI-IEX configuration is a novel advanced molten carbonate fuel cell designed to eliminate many of the pumping problems ex-
perienced by previous molten carbonate fuel cell concepts. 

The demonstration facility would be located at the Institute of Gas Technology's (IGI) Energy Development Center in Chicago, Il-
linois. The demonstration will use: lOT's existing U-GAS coal gasifier and will produce 500 kilowatts of electricity. 

The demonstration project will begin April 1, 1991 and will be completed September 30, 1994. Total estimated cost of the project is 
$22,700.000. 

ISCOR MELTER-GASIFIER PROCESS - ISCOR, Voest-Alpine lndustrieanlagenbau (C-275) 

An alternative steel process that does not use coke has been commercialized at ISCOR's Pretoria works (South Africa). Designed 
and built by Voest-Alpine lndustrieanlagenbau GmbH (Linz, Austria), the plant converts iron ore and coal directly into 300,000 
tons per year of pig iron in a mctter-gasifier, referred to as the COREX process. Conventional techniques require use of a coke 
oven to make coke, which is then reacted with iron ore in a blast furnace. Production costs at the Pretoria plant are said to be 
30 percent lower than conventional method costs. 

Startup of the plant was in November 1989. Two separate streams of materials art gravity fed into the melter-gasifier. One stream 
is coal (0.5-0.7 tons of carbon per ton of pig iron produced) with ash, water and sulfur contents of up to 20 percent, 12 percent and 
13 percent, respectively. Lime is fed together with the coal to absorb sulfur. The second stream—iron ore in lump, sinter or pellet 
form—is rust fed to a reduction furnace at 850-900 degrees C and contacted with reducing gas (65-70 percent CO and 20-25 percent 
H ) from the melter-gasifier. This step reduces the ore to 95 percent metal sponge iron. The metallization degree of the sponge 
inn where it comes into contact with the 850-900 degree C hot reducing gas produced in the reduction furnace, is 95% on avenge. 

The sponge iron proceeds to final reduction and melting in the melter-gasifier, where temperatures range from 1,100 degrees C 
near the top of the unit to 1,500-1,700 degrees C at the oxygen inlets near the bottom. Molten metal and slag are tapped from the 
bottom. As a byproduct othe hot metal production export gas is obtained, which is a high quality gas with a caloric value of ap-
proximately 2000 kcal/Nm . Voest-Alpine says the pig iron quality matches that from blast furnaces, and that costs were $150 per 
ton in 1990. 

Voest-Alpine has also recently patented several schemes involving a fluidized bed meltdown-gasifier (United States Patents 
4,725,308, 4,728,360, 4,729,786, issued in 1988). Typically a fluidized bed of coke particles is maintained on top of the molten iron 
bath by blowing in oxygen-containing gas just at the surface of the molten metal. 

Voest-Alpine has been collaborating with Geneva Steel to demonstrate the technology in the United States, however, Geneva has 
shelved further action on the project after failing to receive funding in the DOE Clean Coal Technology Round 3. In 1990 Virginia 
Iron Industries Corporation announced plans to build a COREX plant in Hampton Reads, Virginia. (See Virginia Iron Corex 
Project C-613). 

The COREX process is being marketed as an environmentally superior method of iron making and claims significant reductions in 
dust, 502 and NO emissions compared to conventional methods. 

During 1990 the plant ran at 100% design capacity 

KANSK-ACHINSI( BASIN COAL LIQUEFACTION PILOT PLANT'S - Union of Soviet Socialist Republics (C-280) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being convened into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an ST-75 installation is being built at KATEK to test a catalytic hydrogenation process. Construction of 
the unit began in 1982. Start up of the unit was originally planned for 1984, however, the plant has still not been completed. 
Preliminary tests indicate that five tons of Kansk-Achinsk brown coal can produce one ton of liquid products at a cost that is 25 to 
30 percent less than products that are refined from crude oil from remote Siberian regions. 
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Additionally, a second unit referred to as the EM-175 is being built at a power station in Krasnoyarsk to test rapid pyrolysis of 
brown coal from the Borodinskoye deposit and is said to be nearing completion. The test unit will have a capacity of 175 tons of 
coal per hour. The plant is designed to crush the Kansk-Achinsk run of mine coal with 40 percent moisture in hammer mills and 
simultaneously dry the resulting coal dust with the flue gas from a special-type self-contained furnace. In the thermal reaction 
(pyrolysis) chamber, the dried coal dust beats up quickly to 550-700 degrees C as it mixes with a solid transfer agent (pulverized 
coke) circulating in the system and preheated to 850-950 degrees C in a process furnace. As the two mix during pyrolysis, the coal 
forms coke breeze and a mixture of combustible gas, resinous and pyrogenous water vapors. Upon dedusting in cyclone separators, 
the mixture is subjected to fast cooling whereupon it is fed to the gas cleaning and condensation plant. 

The excess coke breeze formed during pyrolysis is cooled down to 75-80 degrees C and is used as a commercial product. 

The ETKh-175 energy efficiency is said to be about 85 percent, with account for the energy losses and auxiliary power. The plant 
will be supplemented with facilities for obtaining liquid tar resins, motor fuel and coal tar, various chemical products and for 
making coke breeze briquettes from a mixture of brown coal and coal tar. 

A third experimental coal liquefaction unit, ST-5, is located at the Belkovskaya mine of the Nomosksk Coal Association. The 
unit is intended to demonstrate a relatively low pressure hydrogenation process that operates at approximately 1,500 psig and 400 
degrees C A catalyst is used in the process to enhance the hydrogenation of coal into high octane gasoline. The liquid and solid 
are separated, and the solids are combusted to recover the catalyst. 

Project Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-290) 

Energy Brothers, licensee of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel process, 
low-grade coal or peat is dried and mildly pytolyzed in two coupled reactors that operate at elevated temperatures and at a pres-
sure of 800 psi. The process produces a pelletized, low-moisture, low-sulfur coal with a BTU value of 12,, and by-product water 
and fuel gas. K-Fuel pellets contain 60 percent more energy (approximately 27 million BTU per ton) and 40 percent less sulfur 
than the raw coal. The fuel gas from the process is utilized on site to provide the needed heat for the process. The proposed 
facility will utilize 4 modules each capable of producing 350,ODO tons per year of K-Fuel. The K-Fuel was tested at Wisconsin 
Power and Light's (Wit) Rock River generating station near Beloit in south-central Wisconsin. The test was successful and Wis-
consin Power has agreed to buy up to one million tons per year. 

Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

Funding for construction of a $50 million commercial plant which had been arranged through Bank of New England fell through in 
spring, 1990. Since then, WPL through a subsidiary called ENSERV Inc., has purchased a controlling interest in the K-Fuel tech-
nology. K-Fuel Partnership believes this will allow the project to get back on track for a 1992 startup. The agreement with WFL 
calls for at least 400,000 tons of product to be delivered by January 1, 1993. Fr y-Con Construction Corporation of St. Louis, Mis-
souri is building the facility. EA-K Energy, Inc., which is jointly owned by Energy America Incorporated of San Diego and K-Fuel 
Partnership of Denver, will operate the facility. 

A new company, Smith Powerfuels, a partnership of K-Fuel Partnership and Energy America, has been established to develop an 
international market for K-Fuel. 

Project Cat; $62 Million 

KOBRA HIGH TEMPERATURE WINKLER IGCC DEMONSTRATION PLANT - RWE Energie AG (C-294) 

RWE Energie AG, a sister company of Rheinbraun AG, has decided to build a combined-cycle power station with integrated 
gasification based on the High Temperature Winkler (HTW) technology. Raw brown coal with 50 to 60 percent moisture will be 
dried down to 12 percent, gasified and dedusted with ceramic filters after passing the waste heat boiler. After the conventional 
scrubber unit, the gas will be desulphurized and fed to the combined cycle process with an unfired heat recovery steam generator. 
This project is referred to as KOBRA (in German: Kombikraftwerk mit Braunkohlenvergasung, i.e. combined-cycle power station 
with integrated brown coal gasification). 

The capacity of the KOBRA plant will slightly exceed 300 MWe. The question of whether oxygen or air will be used as gasifying 
agent has not yet been decided, but irrespective of this the fuel gas will be produced in this demonstration plant by two gasifiers, 
each having a throughput of 1,800 tons per day of dried lignite. The gas turbine will have a rated capacity of about 200 MWe, and 
the overall plant is expected to reach a net efficiency of 46 percent.
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Beginning of construction is scheduled for 1993 and start up in 1995. The most important orders awarded so far were placed with 
the MAN company as the general contractor, the Uhde/Lurgi consortium for the engineering of the coal gasification system, and 
with the Siemens company for the delivery of the gas turbine (type 94.3). To implement this project, a task force comprising staff 
members of both RWE Energie AG and Rheinbraun AG started working in early 1990. To ensure that the plant can be con- 
structed on schedule as from early 1993 and commissioned in late 1995, the orders relating to the desulphurization unit, the coal 
drying unit and some other large components were placed in 1990. The permit procedure will be initiated in late 1991. 

Of crucial importance for reaching a high overall efficiency is the coat drying system which reduces the moisture content of the raw 
brown coal to 12 percent. For this step, Rheinbraun's W1'A process will be employed (WTA means fluidized-bed drying with inter-
nal waste heat utilization). 

To demonstrate the technology, a plant having a capacity of 20 tons per hour of dried lignite will be started up in 1991 for testing 
purposes. Engineering of this project is being handled by lAIrgi GmbH. 

A successful test operation of the demonstration plant will provide the essential basis for the construction of commercial-scale 
power stations of this type. The start-up of a 600 MWe commercial.scate IGCC plant is scheduled for the turn of the century. This 
new generation of power stations will be characterized by a high overall efficiency, extremely low emissions, and low production 
costs. 

KRW ENERGY SYSTEMS INC ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERA-
TION - The M.W. Kellogg Co., United States Department of Energy, and Westinghouse Electric (C-310) 

In April 1984 Westinghouse sold its coal gasification technology to Kellogg Rust and the new organization was named KRW Energy 
Systems Inc., owned 20% by Westinghouse and 80% by the M.W. Kellogg Company. The major activities of KRW Energy Systems 
has been to complete development of a fluidized bed coal gasification technology and to develop a commercial demonstration 
project. 

The major development facility for KRW is a coal gasification pilot plant located at the Waltz Mitt site near Pittsburgh, Pennsyl-
vania. This facility started operation in 1975 and accumulated more than 12,000 hours of hot operation utilizing a broad range of 
coals. These coals include high caking Eastern bituminous, Western bituminous, and lignites with high and low ash contents and 
high and low moisture contents. A number of German brown coals have also been successfully gasified. The pilot plant program 
was completed in September 1988, and the facility has been decommissioned. 

The pilot plant utilized a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees F and pressures between 130 psig and 230 psig, with air feed 
to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranged between 20 and 25 tons 
per day, depending on coal type. 

The Department of Energy hot gas cleanup program that was initiated in late 1984 was also completed in fiscal year 1988. The 
results from this development program have provided significant cost and efficiency improvements for the KRW gasification tech-
nology as applied to gasification combined cycle electric power generation. Operations at the Waltz Mill pilot plant with an air 
blown gasifier using a high sulfur (2.43%) and highly caking Eastern bituminous coal, have achieved the following significant 
demonstrations: 

- A simplified process to deliver a hot and clean low ETU fuel gas to a combustion turbine. 
- Gasifier in-bed desulfurization to meet NSPS requirements by removing over 90% of feed sulfur utilizing limestone or 

dolomite sorbents. 
- Utilization of a regenerable zinc ferrite sorbent in a sulfur polishing mode to reduce fuel gas sulfur levels to less than 20 

ppm. 
- Demonstrated use of sintered silicon carbide candle filters at 1,100-1,200 degrees F and 16 arm pressure to reduce fuel gas 

solid particulates to less than 10 ppm. 
- Delivery of final product fuel gas at high temperature and pressure containing less than 1 ppm combined alkali and heavy 

metals. 

Commercial scale process performance systems studies show the KRW hot gas combined cycle power system to have net heat rates 
less than 8,000 BTU/kWh and capital costs less than 1,250$/kWh for 300.400 MW sized plants. A significant feature of these sys-
tems is the modularity of design which provides much planning and construction flexibility. 

Kellogg is interested in applying the KRW gasification technology to a commercial size demonstration plant of about 60 MWe 
capacity. 

Project Cost: Not disclosed
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LAKESIDE REPOWERING GASIFICATION PROJECT - Combustion Engineering, Inc. and United States Department of Energy 
(DOE) (C-320) 

The project will demonstrate Combustion Engineering's pressurized, airbtown, entrained-flow coal gasification repowering technol-
ogy on a commercial scale. The syngas will be cleaned of sulfur and particulates and then combusted in a gas turbine (40 MWe) 
from which heat will be recovered in a heat recovery steam generator (HRSG). Steam from the gasification press and the EIRSI) 
will be used to power an existing steam turbine (25 MWe). 

The project is selected for demonstration at the Lakeside Generating Station of City Water, Light and Power, Springfield, Illinois. 
The selected site with associated characteristics and costs includes repowering an existing steam turbine to produce 65 MWe via the 
combined cycle mode. 

The $270.7 million project will span 10 years, including five years needed to test and operate the system. The plant will continue to 
provide power to the city as part of its commercial grid during the testing period. 

Design work and permitting for the new integrated power plant began in 1990. Construction work is scheduled to be gin in Novem-
ber 1991, with initial operation scheduled to begin by 1995. 

DOE is providing $129.4 million, or 48 percent, of the project's total cost. The remaining funds will be provided by Combustion 
Engineering, City Water, Light & Power, and the Illinois Department of Energy and Natural Resources, 

Project Cost:	 $270.7 million 

LAPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, (1cm Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (DOE) (C-330) 

Air Products is testing a 5 ton per day process development unit (PDU) located near LaPorte, Texas. The unit is being run as part 
of a program sponsored by DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Diem 
Systems. In the process, synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis 
catalyst is suspended. The oil acts as a large heat sink, thus improving temperature control and allowing the use of more active 
catalysts and/or a more concentrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carbon ratio gases 
without the need for synthesis gas shift to produce more hydrogen. The technology is particularly suitable to syngas derived from 
coal in modem, efficient coal gasifiers which produce a high CO content syngas. 

In spring 1985, the liquid phase methanol PDU was started, with the initial objective of a 40 day continuous run. During the run, 
the unit was operated under steady-state conditions using carbon monoxide-rich gas representative of that produced by advanced 
coal gasifiers. During the run, the plant achieved a production rate of up to 8 tons per day with a total production of ap-
proximately 165 tons of methanol (50,00 gallons). The plant, including the slurry pump and a specially designed pump seal system, 
apparently operated very reliably during the run. 

In a four-month test lasting from September 1, 1988 to January 8, 1989, the unit produced methanol from simulated coal gas at a 
rate more than twice the original design rate of the test facility. 

The LaPorte run lasted 124 days and was interrupted only briefly when Hurricane Gilbert threatened the Gulf Coast early in the 
test program. During the marathon operation, the experimental facility produced just over 8,ODO barrels of fuel-grade methanol. 
Production rates averaged 60 to 70 barrels per day - roughly twice the facility's original 35-barrel per day design rate. Methanol 
from the test run was of high enough quality to be used directly as a motor fuel without further upgrading. 

The 124-day run also demonstrated the effectiveness of improvements in the facility's reaction vessel which had been modified ear-
lier to incorporate an internal heat exchanger and vapor/liquid separation process. Synthesis gas was provided by Air Products 
from its adjacent HyCO production plant. Operation of the PDU was again successfully tested from September 1989 through 
March 1990. The PDU was said to haw operated extremely well with excellent productivity. 

The 48-month, $10.2 million project was completed in March 1991. 

Project Cost:	 DOE: $26.4 million 
Private participants: $3.8 million
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COMMERCIAL AND R&D PROJECTS (Continued) 

LIQUID PHASE METHANOL DEMONSTRATION PLANT - Air Products and Chemicals, Dakota Gasification Company (C-345) 

Air Products and Chemicals, Inc. and Dakota Gasification Company (DGC) have been selected by the United States Department 
of Energy (DOE) to negotiate for an estimated $93 million from the federal government to help underwrite the costs of a 
500 ton-per-day liquid phase methanol unit the two companies jointly plan to construct at DGC's Great Plains Synfuels Plant in 
Beulah, North Dakota. The novel project, which is designed to lower power costs and reduce acid rain emissions, was one of 
13 selected by the DOE under the third round of the nation's Clean Coal Technology Demonstration Program. 

Coal Gasification Combined Cycle (CGCC) is the cleanest technology for generating electric power from coal. The liquid phase 
methanol technology that was originally planned to be demonstrated at the Great Plains facility has been developed specifically to 
lower the cost of electricity produced in CCICC power plants by efficiently storing energy in the form of methanol for use during 
periods of peak power demand. These types of facilities could also sell any excess quantities of the clean-burning fuel for other ap-
plications. CGCC can effectively repower coal-fired facilities and meet stringent environmental limits for sulfur dioxide and 
nitrogen oxide emissions. Thus, on a commercial scale, the liquid phase methanol technology could reduce electric power costs by 
allowing utilities to rely less on imported liquid fuels or natural gas and still meet the nation's clean air requirements. 

The project originally called for about 10 percent of the synthesis gas produced at the Great Plains plant to be converted to make 
500 tons per day of methanol, while the remaining synthesis gas would be used in making substitute natural gas. However, it has 
been announced that the project will be located elsewhere. 

DCG said that a major reason for not being able to locate the project at Great Plains is the company could not get permission from 
its gas buyers to divert 10 percent of its synthetic natural gas to methanol production. 

Air Products is in the midst of negotiations to locate the project at another site. If the technology is successful on a commercial 
scale, Air Products could build conversion plants for other companies. 

Project Cost:	 $213 million estimated 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-360) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services or a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a 375 tons per day Texaco 
gasifier at the 200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in mid to late 
1991, the Lu Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - Coal Technology Corporation and United States Department of 
Energy (DOE) (C-370) 

Since the mid-1980s, Coal Technology Corporation (CFC), formerly UCC Research Corporation, has been investigating the 
pyrolysis of coal under sponsorship of DOE's Morgantown Energy Technology Center. This work initially was the development of 
a batch process demonstration unit having a coal feed capacity of 120 pounds per batch. The process produced coal liquids to be 
used for motor fuels and char to be potentially used for blast furnace coke and offgas. 

In January 1988, DOE and CTC cost shared a $3,300,000 three-year program to develop a process demonstration unit for the 
pyrolysis of 1,000 pounds/hour of coal by a continuous process. This work involved a literature search to seek the best possible 
process; and then after small scale work, a proprietary process was designed and constructed. 

In the CrC mild gasificatio8 process, coal is heated from ambient temperature to around 400°F in the first heat zone of the reac-
tor, and then to 800 to 900 F in the second heat zone. Lump char discharged from the reactor is cooled in a water jacketed auger 
to 3000F. At present, the char is stored, but in an integrated facility, the cooled char would then be crushed, mixed with binder 
material and briquetted in preparation for conversion to coke in a continuous rotary hearth coker. The moisture and volatile 
hydrocarbons produced in the reactor are recovered and separated in scrubber/condensers into noncondensibles gases and liquids. 

The coal liquid and coke (CLC) mild gasification technology to be demonstrated involves the production of two products from 
bituminous caking type coals: coal liquids for further refinin g into transportation fuels, and formed coke for foundry and blast fur-
nace application in the steel industry. The CLC process will continuousl y produce blast f3rnace q uality coke within a 2-hour dura- 
tion in a com pletely enclosed system. The coal li q uids will be recovered at less than 1,000-F for further refinin g into transportation 
fuel blend stock.
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COMMERCIAL AND R&D PROJECTS (Continued) 

Three companies in Virzinia have agreed to cosponsor this proiect as equity participants; Norfolk Southern Corporation, Coal 
Technology Corporation, and Rapoca Enenv Company, 

Project Cost: $124.5 million for the process demonstration plant 

MILD GASIFICATION OF WESTERN COAL DEMONSTRATION - AMAX, Western Research Institute (C-372) 

AMAX is planning a 1,000 ton per day mild gasification commercial demonstration plant at its Eagle Butte Mine near Gillette, 
Wyoming. Inclined fluid-bed reactors will be used for drying and mild gasification. Amax is studying ways to best market all of the 
char and liquid products produced. 

The first liquid product, dirty pitch, will be marketed as a binder for carbon anodes used in aluminum production. A lighter frac- 
lion would be sold as chemical feedstock. The oil product will be used as diesel additive to run the heavy mine equipment or to 
spray on dry coal. 

Prefeasibility studies concluded that favorable economics depend upon upgrading the mild gasification chars to a higher value 
product. This is because char has lower volatile matter content and higher ash content than the starting coal. These characteristics 
make char a low value utility fuel. Amax has been developing a char-to-carbon (Ct) process to convert the char to pure carbon 
and activated carbon. Pure carbon is to be used for the manufacture of carbon anodes in aluminum production or sold as carbon 
black. Its use as a premium fuel for gas turbines and heat engines offers the largest long-term market. The waste streams will be 
incinerated in an atmospheric fluidized-bed combustor which, in addition to supplying process heat, will produce electric power for 
export. 

A 100 pound per hour inclined fluid bed mild gasification process research unit has been operating at Western Research Institute 
since January 1990. A 50 pound per hour CTC process demonstration unit was started up at Amax Research and Development in 
Golden, Colorado in 1990. A proposal was submitted to the U.S. Department of Energy in 1990 for design, construction, operation 
and evaluation of 20 ton per day integrated process development unit at Golden. 

MINNESOTA POWER ELFUEL PROJECT - Minnesota Power, SM Coal, Institute of Gas Technology, Electric Power Research In-
stitute and Bechtel Corporation (C-373) 

MONASI-I I-IYDROUQUEFACFION PROJECT - Coal Corporation of Victoria and Monash University (C-380) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into the structure and hydroliquefaction of Victorian brown coal. Batch autoclave and other studies are being con-
ducted. 

The work is largely supported by the Coal Corporation of Victoria and NERDDC 

Earlier studies on the hydroliquefaction of brown coal have led to a more detailed study of its structure and reactivity and are 
based on extensive collaborations with a number of other laboratories in Australia. These led to the proposal of a guest/host 
model for brown coal which more recent results suggests may represent an oversimplification of coal structure. The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignocellulosic polymer has yet to be defined. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

The use of sodium aluminate as a promoter for the reaction of brown coal with carbon monoxide and water, leading to high yields 
of low molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Some 
success has been achieved in characterizing the aluminum species responsible for promoting these reactions but further work is re-
quired. 

Partial oxidation of brown coal is thought to be adventitious for hydroliuefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress. Investigations are underway into the isolation and characterization 
of potentially useful products which can be extracted from brown coal. 

Project Cost: $2.0 million (Australian) since commencement 

MONGOLIAN ENERGY CENTER - People's Republic of China (C-390) 

One of China's largest energy and chemical materials centers is under construction in the southwestern part of Inner Mongolia. 
The first-phase construction of the Jungar Coal Mine, China's potential largest open-pit coal mine with a reserve of 25.9 billion 
tons, is in full swing and will have an annual capacity of 15 million tons by 1995. 

The lh Je League (Prefecture) authorities have made a comprehensive development plan including a 1.1 billion yuan complex which 
will use coal to produce chemical fertilizers. A Japanese company has completed a feasibility report. 

The region may be China's most important center of the coal-chemical industry and the ceramic industry in the next century. 

MRS COAL LIYDROGENATOR PROCESS PROJECT - British Gas plc and Osaka Gas Company Ltd. (C400) 

Work is being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to produce methane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) coal hydrogenator incorporating internal gas recireulation in an entrained flow system has been developed to 
provide a means of canying out the press without the problems of coal agglomeration, having to deal with excessive coal fines, or 
excessive hydrogenation gas preheat as found in earlier work. 

A 200 kilogram per hour pilot plant was built to prove the reactor concept and to determine the overall process economics. The 
process uses an entrained flow reactor with internal gas recirculation based on the Gas Recycle I-Iydrogenator (GRIt) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was successfully completed. An Engineering and Costing Study of the commercial process concept confirmed 
overall technical feasibility and exceptionally high overall efficiency giving attractive economics. 

In December 1988, the sponsors went ahead with the second stage of the joint research program to carry out a further two year 
development program of runs at more extended conditions and to expand the pilot plant facilities to enable more advanced testing 
to be carried out. 

Through 1989, performance tests have been conducted at over 43 different operating conditions. Four different coats have been 
tested, and a total of 10 tonnes have been gasified at temperatures of between 780 degrees centigrade and 1,000 degrees centigrade. 
The initial plant design only allowed tests of up to a few hours duration to be carried out. The plant was modified in early 1990 to 
provide continuous feeding of powdered coal and continuous cooling and discharge of the char byproduct and was operated in this 
mode starting in the second half of 1990. 

Project Cost: 	 Phase I	 $16 million 
Phase II	 $7.4 million 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (C-410) 

Basic research on coat liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just alter the first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 150 tons per day 
bituminous coal liquefaction plant is planned in Japan.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The pilot plant in Australia is described in the project entitled 'Victoria Brown Coal Liquefaction Project.' The properties of 
brown coal and bituminous coal are so different that different processes must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NI3DO had been 
operating three process development units (PDUs) utilizing three different concepts for bituminous coal liquefaction: solvent 
extraction, direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so 
called NEDOL Process, and NEDO has intended to construct a 150 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100-150 atm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major 
products will be tight oil. Residue-containing ash will be separated by vacuum distillation. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991. 

In 1988,5 different coals were processed in the bench scale unit with encouraging results. 

Project Cost: 100 billion yen, not including the three existing PDU 

01110 COAL/OIL CO-PROCESSING PROJECT - Ohio Clean Fuels Inc., Stone and Webster Engineering Corp., ItRI Inc., Ohio Coal 
Development Office, and United States Department of Energy (DOE) (C-440) 

This project is a prototype commercial coal/oil co-processing plant to be located in Warren, Ohio. This plant will convert high sul-
fur, high nitrogen, Ohio bituminous coal and poor-quality petroleum to produce clean liquid fuels. The process to be utilized is 
HRI, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both are 
simultaneously convened to clean distillate fuels. A "typical' C4-975 degrees F distillate fuel will contain 0.3 percent sulfur and 
0.3 percent nitrogen. The prototype plant will process 800 tons per day of coat, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant was slated for 1994, however, it will likely be delayed to 1996 because of problems 
with permits. 

The products were originally slated for transportation fuels, however, emphasis has switched to finding an alternative market such 
as a host utility that would burn the fuel for electricity generation. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program Round One. However, Ohio 
Clean Fuels is now developing the project at its own expense. 

Project Cost: Estimated $226 million 

OULU AMMONIA FROM PEAT PROJECT - Kemira Oy (C450) 

Kemira of Finland is building a pressurized fluidized bed peat gasification system for producing synthesis gas. The gas will be used 
for ammonia and other chemicals. Ammonia production is to be 80,000 tons per year. 

Currently Kemira operates in Oulu a minor ammonia plant based on the gasification of heavy fuel oil. However, peat is the only 
realistic domestic raw material for synthesis gas in Finland. Therefore, a research program aiming at the gasification of peat was 
started in the middle of the 1970s. 

The gasification plant includes as integrated individual processes: peat transfer, screening, crushing, drying, pressurized I-flW 
fluidized bed gasification, soot removal, raw gas compression and three-stage gas purification. The existing Pyroflow boiler plant 
serves for energy supply and a waste incinerator. The gasification plant was placed in operation in June 1988. It has a capacity of 
ISO megawatts, thermal. 

Project Cost: Investment costs are expected to be FIM225 million. 

P-CIG PROCESS - lnterproject Service AB, Sweden and Nippon Steel Corporation. Japan (C455) 

The Pressurized-Coal Iron Gasification process (P-CIG) is based on the injection of pulverized coal and oxygen into an iron melt at 
overatmospheric pressure. The development started at the Royal Institute of Technology in Stockholm in the beginning of the 
1970s with the nonpressurized CIO Process. Over the years work had been done on ironmaking, coal gasification and ferroalloy 
production in laboratory and pilot plant scale.
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COMMERCIAL AND R&D PROJECTS (Continued) 

In 1984, Interproject Service AD of Sweden and Nippon Steel Corporation of Japan signed an agreement to develop the P-C1O 
Process in pilot plant scale. The pilot plant system was built at the Metallurgical Research Station in Lulea, Sweden. The P-CIG 
Process utilizes the bottom blowing process for injection of coal and oxygen in the iron melt. The first tests started in 1985 and 
several test campaigns were carried out through 1986. The results were then used for the design of a demonstration plant with a 
gasification capacity of 500 tons of coal per day. 

According to project sponsors, the P-CR] Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the future in Sweden. 

For the 500 tons of coal per day demonstration plant design, the gasification system consisted of a reactor with a charge weight of 
40 tons of iron. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with five tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

ADVANCED POWER GENERATION SYSTEM - British Coal Corporation, United Kingdom Department of Energy, European Com-
mission, PowerGen, (C465) 

British Coal 

The integrated sntem is expected to have an efficiency of about 45 percent. 

The combustor, necessary to optimize the steam cycle and to burn unconverted carbon from the gasifier, can be either a CFBC or a 
PFBC. A 12 tonne per day CFBC is being built, for operation in 1991, alonide the gasifier. 

The gas turbine operation is funded by British Coal, United Kingdom Department of Energy, PowerGen, and EPRI. The gasifier 
work is funded by British Coal and the European Community. 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-I Complex 
Coal Processing.' and in 1986 to a Central Research and Development Program under the same title. The leading and coordinating 
unit for the coal liquefaction research has been the Coal Conversion Institute, part of the Central Mining Institute. 

Initial work was concentrated on the two-stage extraction method of coal liquefaction. The investigations were carried out up to 
the bench scale unit (120 kilograms of coal per day). The next step—tests on a Process Development Unit (PDU)—met serious 
problems with the mechanical separation of solids (unreacted coal and ash) from the coal extract, and continuous operation was 
not achieved. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coal per day. 

The construction of the direct hydrogenation PDU at the Central Mining Institute was finished in the middle of 1986. In Novem-
ber 1986 the first integrated run of the entire unit was carried out. 

The significant, original feature of this direct, non-catalytic, middle-pressure coal hydrogenation process is the recycle of part of the 
heavy product from the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
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COMMERCIAL AND R&D PROJECTS (Continued) 

distribution of residence times for different fractions of products is obtained, the proper hydrodynamics or a three-phase reactor is 
provided and the content of mineral matter (which acts as a catalyst) in the reactants is increased. From 1987 systematic tests on 
low rank coal type 31 have been carried out, with over 100 tons or coal processed in steady-state parameters. 

The results from the operation of the PDU will be used in the design of a pilot plant with a capacity of 200 tonnes coal per day. 

PRIINFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (KK) (C470) 

Krupp Koppers (KK) of Essen, West Germany (in United States known under the name of GKT Gesellschaft fuer Kohle-
Technologie) are presently operating a 48 tons per day demonstration plant and designing a 1,000 tons per day demonstration 
module for the PRENFLO (pressurized entrained flow) process. The PRENFLO process is KK's pressurized version of the 
Koppers-Totzek (1(T) flow gasifier. 

In 1973, XX started experiments using a pilot Xl' gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BV and XX for a cooperation in the development of the pressurized version of the Xl' 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENFLO 
Process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput at an operating pressure 
of 30 bar. The plant is located at Fuerstenhausen, West Germany. In over 8,000 hours of test operation nine different fuels with 
ash contents of up to 40 percent were successfully used. All fuels used are converted to more than 98 percent. and in the case of fly 
ash recycled to more than 993 percent. 

Krupp Koppers and Siemens, KWU Group, are planning a demonstration IGCC plant based on the PRENFLO process. This 
demonstration plant will have a capacity of 160 megawatts, based on one PRENFLOW module with 1,200 tonnes per day coal 
throughput and two Siemens V64 gas turbines. The detailed engineering was to be finished in 1989, so that a contract can be 
awarded in the second half of that year. The startup of the plant is planned for 1992. 

Project Cat: Not disclosed 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kellogg Company (C473) 

In September of 1988, Kellogg was awarded a contract by the DOE to study the application of transport mode gasification and 
combustion of coal in an Advanced Hybrid power cycle. The study was completed in 1990 and demonstrated that the cycle can 
reduce the cost of electricity by 20-30 percent (compared to a PC/FGD system) and raise plant efficiency to 45 percent or more. 

The Hybrid system combines the advantages of a pressurized coal gasifier and a pressurized combustor which are used to drive a 
high efficiency gas turbine generator to produce electricity. The proprietary Kellogg system processes pulverized coal and lime- 
stone and relies on high velocity transport reactors to achieve high conversion and low emissions. 

The gasifier converts part of the coal to a Iow-BTU gas that is filtered and sent to the gas turbine. The remaining char is com-
busted and the flue gas is filtered and also goes to the gas turbine. The advantages of the system in addition to high efficiency are 
lower capital cost and greatly reduced SO , and NO x emissions. 

Kellogg has built a bench scale test unit to verify the kinetic data for the transport reactor system and commissioned the unit in 
1991. 

DOE, in late 1990, awarded a contract to Southern Company Services, Inc. for addition of a Hot Gas Cleanup Test Facility to their 
Wilsonville test facility. The new unit will test particulate removal devices for advanced combined cycle systems and Kellogg's 
Transport gasifier and combustor technology will be used to produce the fuel gas and flue gas for the testing program. The reactor 
system is expected to process up to 48 tons per day of coal. [See Hot Gas Cleanup Process (C-257)1. 

RI IEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rbeinische Braunkohlenwerke AG, Uhde GmbH, Lurgi 
GmbIi, German Federal Ministry for Research & Technology (C-ISO) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High-Temperature Winkler fluidized bed gasifica-
tion process. In 1990 Lurgi joined the commercialization effort. 

Based on operational experience with various coal gasification processes, especially with ambient pressure Winkler gasifiers, 
Rheinische Braunkohlenwerke AG (Rheinbraun) in the 1960s decided to develop pressurized fluidized bed gasification, the High-
Temperature Winkler (HIV) process. The engineering contractor for this process is Uhde GmbH. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

The development was started at the 'Institut fur Eisenhuttenkunde' of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pre-tests with this PDU a pilot plant operating at pressure of 10bar was built in July 1978 at the Wachtbcrg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubted to 1.3 tons per hour dry lignite. By end of 
June 1985 the test program was finished and the plant was shut down. From 1978 until June 1985 about 21, tonnes of dried 
brown coal were processed in about 38,000 hours of operation. The specific synthesis gas yield reached 1,580 standard cubic meters 
per tonne of brown coal (MAF) corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic meters per hour per square meter of 
gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

After gasification tests with Finnish peat in the HTW pilot plant in the spring of 1984 the lCemira Oy Company of Finland decided 
to convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the l-ITW process. The 
plant was designed to gasify approximately 650 tons per day of peat at 10 bar and process it to 280 tons per day of ammonia. This 
plant started up in 1988 and is operating successfully. 

Rheinbraun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters of syngas per year. 
All engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant was pipelined to DEA-Union Kraftstoff for methanol production testing periods. From startup 

produced. 

A new pilot plant for pressures up to 25 bar and throughputs up to 6.5 tonnes per hour was erected on the site of the former pilot 
plant of hydrogasification and started up in November 1989. From mid-November 1989 to early July 1990, the plant was operated 
at pressures between 10 and 25 bar, using oxygen as the gasifying agent. Significant features of the 25 bar gasification are the high 
specific coal throughput and, consequently, the high specific fuel gas flow, of almost 100 MW per square meter. In mid-1990, the 
25 bar HTW plant was modified to permit tests using air as the gasifying agent. Unit] the end of the first q uarter of 1991 the plant 

Typical results obtained are: 92 percent coal conversion. 70 percent cold-ns efficiency and 43 MW h specific fuel Las flow per 
sq uare meter. 

This work is performed in close co-ordination with Rheinbraun's parent company, the Rheinisch-Westfalisches Elektrizitatswerk 
(RWE), which operates a power station of a capacity of some 9,300 megawatts on the basis of lignite. Since this generating capacity 
will have to be renewed after the turn of the century, it is intended to develop the IGCC technology so as to have a process avail-
able for the new power plants. Based on the results of these tests and on the operating experience gained with the i-trw synthesis 
gas plant, a demonstration plant for integrated IITW gasification combined cycle (HTW.IGCC) power generation is planned which 
will go on stream in 1995 and will have a capacity of 300MW of electric power. See KOBRA HTW-IGCC Project (C-294). 

Project Cost: Not disclosed 

SASOL - Sasol Limited (C-490) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The Synthol oil-from-coal process was developed by Sasol in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda-
situated on the Eastern Higbveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 100,000 
tons, of oxygen, 26,000 tons; and of water, 160 megaliters. Sasol's facilities at Secunda for the production of oxygen are by far the 
largest in the world. 

Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Rectisol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Symbol process. 
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The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulfur, produced for Sasol's Chemical Division, ammonia For the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division. The primary fuels produced by Sasol at Secunda are probably among the most environ-
mentally acceptable in the world. The gasoline that is produced has zero sulfur content, is low in aromatics and the level of 
oxygenates means a relatively high octane number. An oxygenate-containing fuel, as a result of the lower combustion temperature, 
results in a generally lower level of reactive exhaust constituents. 

The blending of synthetic gasoline with alcohols (ethanol as well as high fuel alcohols) presented a particular challenge to Sasol. 
Saw[ erected research and development facilities to optimize and characterize fuel additives. Whereas carburetor corrosion with 
alcohol-containing gasoline occurs with certain alloys used for carburetors, Saw[ has now developed its own package of additives to 
the point where a formal guarantee is issued to clients who use Sasol fuel. 

The diesel fuel is a zero sulfur fuel with a high cetane number and a paraffin content that will result in a lower particulate emission 
level than normal refinery fuel. 

Sasol's Mining Division manages the six Sasol-owned collieries, which have an annual production in excess of 43 million tons of 
coal. The collieries comprised of the four Secunda Collieries (includin g the new open cast mine. Syferfontein), which form the 
largest single underground coal mining complex in the world, and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development program, process design, engineer-
ing, project management, and transfer of technology. 

Sasol approved in 1990 six new projects costing $451 million as part of an overall $1.1 billion program over the next five years. The 
first three projects are scheduled for completion by January 1993. 

The company's total wax producing capacity will be doubled from its current level of 64,000 tons per year to 123,ODD tons per year. 

The 70,000 ton per year Sasol One ammonia plant is to be replaced by a 240,000 ton per year plant, which is expected to supply 
South Africa's current ammonia supply shortfall. 

A new facility is to be built as Sasol One to manufacture paraffinic products for detergents. The other three newly approved 
projects, which will be located at Sasol's Secunda facilities, are: 

-	 An n-butanol plant to recover acetaldehyde from the Secunda facilities and to produce 17300 tons per year of n-butanol is to 
be built. 

- Sasol will construct a delayed coker to produce green coke, and a calciner to calcinate the green coke to anode and needle 
coke. The anode coke produced is suitable for use in the aluminum smelting industry. They are scheduled to be in produc-
tion by March 1993, 

-	 Sasol will increase its production of ethylene by 60,000 tons per year, from its current level of 345,000 tons per year, by ex-
panding its ethylene recovery plant at Secunda. The plant is expected to come onstream by July 1991. 

A maior renewal proiect at Sasol One includes an expansion of the fixed bed Fischer-Tro psch plant. The renewal also includes 
shutting down much of the synthetic fuels capability at this plant. 

Project Cost: SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO; Alastair Gillespie & Associates limited; Gulf Canada Products Company, 
NOVA; Nova Scotia Resources limited; and Petro-Canada (C-500) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 2.5 million tonnes of coal per year. A contract was completed 
with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCL?). A feasibility report was com-
pleted and financeability options discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down-sized the project 
to 12500 barrels per day based on a coprocessing concept and purchased the Point Tupper site from Ultramar Canada Inc. Recent 
developments in co-processing technology have reduced the capital cost estimates to US$375 million. Net  operating costs are es-
timated at less than US$20 per barrel.
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COMMERCIAL AND R&D PROJECTS (Continued) 

In late 1988 hydrocarbon Research Inc. (H) was commissioned by Scotia Synfuel Ltd. to perform microautoclave and bench 
scale tests to demonstrate the feasibility of their co-processing technology using Harbour seam coal and several oil feedstocks. In 
early 1989, Bantrel Inc. (a Canadian engineering f

i
rm affiliated with Bechtel Inc.), was commissioned to develop a preliminary 

process design. 

Discussions on project financing are continuing in 1991. 

Based on the test program results, material and energy balances were developed for a commercial facility. An economic model was 
developed to analyze a number of options. The model incorporated government investment support programs available in eastern 
Canada. The primary incentives were investment tax credits and loan financing. 

Scotia Synfuels and partners have concluded an agreement with the Nova Scotia government supported by the federal government 
for financial assistance on a $23 million coprocessing feasibility study. The study was expected to be completed by June, 1990. 

Project Cost: 	 Approximately $23 million for the feasibility study 
Approximately c3500 million for the plant 

SEP GASIFICATION POWER PLANI' - SEP (C-520) 

Samenwerkende Elektriciteits-Productiebcdrijvn (SEP), the Central Dutch electricity generating company, has submitted to the 
government a plan to build a 253 megawatt integrated gasification combined cycle (IGCC) power plant, to be ready in 1993. 

SEP gave Comprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/Lurgi. In April, 1989 it was announced that the Shell process had been chosen. The location of the 
gasification/combined cycle demonstration station will be Buggenum, in the province of Limburg. 

The Siemens/KWU V94.2 Turbine was chosen and tested to satisfaction using coalgas of the same composition as that from the 
Shell process. 

After three years of demonstration, the plant will be handed over to the Electricity Generating Company of South Netherlands 
(NV. EPZ). 

Project Cost: DFI,700 million 

ShANGHAI CHEMICALS FROM COAL PLANT - People's Republic of China (C-525) 

The Chinese government has approved construction of a new methanol complex. Using coal as raw material, the Shanghai-based 
plant is expected to produce 100, 	 tons per year of methanol and 15,000 tons per year of acetate fiber. Completion is due in 
1992. 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-530) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since Decem-
ber 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant had 
operated for over 10,000 hours by 1990. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of coal 
in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell process 
is continuing through active pursuit at other Shell facilities. 

Shell Oil Company has constructed a demonstration unit for making medium-BTU gas, using the Shell Coal Gasification Process, 
at its Deer Park Manufacturing Complex near Houston, Texas. The facility's gasifier uses high-purity oxygen to process a wide 
range of coals, including about 250 tons per day of high sulfur bituminous coal or about 400 tons per day of lignite. The medium-
BTU gas and steam produced are consumed in Shell's adjacent manufacturing complex. The Electric Power Research Institute is 
also a participant in the program. 

Shell's demonstration unit started up in July 1987 and reached design capacity within the first 50 hours of operation. During the 
five month period from December 1987 to May 1988, the unit operated at design conditions 82 percent of the time. Additionally, 
the unit has successfully completed a planned demonstration run of 1500 hours - or more than two months - of continuous opera-
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COMMERCIAL AND R&D PROJECTS (Continued) 

tion. The plant operated smoothly and met design conditions. During the demonstration the unit consumed about 230 tons daily 
of Illinois No.5 coal containing 3 percent sulfur. According to Shell, the smooth plant operation during this long run indicates the 
reliability of the process and mechanical features of the technology. 

The long run also validated the environmental acceptability of the Shell process. The plant's emissions were well below the limits 
of the company's Texas air quality permit, while the wastewater was treated at the plant's bio-treater and posed no significant 
operating problems. The product gas contained the required low level of sulfur compounds and no detectable solids. The slag 
produced was used locally in a variety of construction applications. 

Since achievement of the long demonstration run, the plant has focused on evaluation of additional coals, plant runs aimed at op-
timizing design rules and technology improvements. Seventeen different coals have been run in the demonstration unit including 
those from the Illinois Basin, Northern and Central Appalachia, Powder River Basin, Texas lignite, and Australian coats, as well as 
petroleum coke. 

In 1991. Shell shut down the demonstration Want near Houston, Texas. Since startu p in 1987. the plant locked nearly 15.000 hours 
of operation. 

Project Cost: Not disclosed 

SI IOUGANG COAL GASIFICATION PROJECT - People's Republic of China (C.523) 

The Shougang plant will gasify 1,170 tons per day of Chinese anthracite using the Texaco coat gasification process. The gasification 
plant will produce fuel gas for an existing steel mill and town gai. The detailed design is being completed and equipment fabrica-
tion is underway. The plant is expected to be operational in late 1992. 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-MO) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a 6 foot diameter and a throughput of 300 tons per day.) The plant successfully operated on a wide range 
of British and American coats, including strongly caking and highly swelling coals. The ability to use a considcrable proportion of 
fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal 
through the tuyeres into the base of the gasifier. Byproduct hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully 
between 1975 and 1983. Total operating time was over one year and over 100,000 tons of coal were gasified. 

A new phase, started in November 1984, is the demonstration of a 500 ton per day (equivalent to 70 megawatts) gasifier with a 
nominal inside diameter of 73 feet. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine 
to ge8erate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 
1,950 F, a compression ratio of 10, and a thermal efficiency of 31 percent. By 1989 this gasifier had operated for approximately 
1,300 hours and has gasified over 26,000 tons of British and American (Pittsburgh No.8 and Illinois No. 6) coals. 

Progressive development of the gasifier com ponents has continued. The two main items of attention have been the stirrer at the 
top of the fuel bed and the distribution of steam and oxyzen at the bottom of the fuel bed. 

In addition to the current 500 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed slagger mode at 
pressure up to 70 atmospheres was constructed in 1988. It is designed for a throughput of 200 tons per day. The unit is to be used 
to study the effect of pressure on methane production and gasifier performance. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-550) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require. 
ments in the mid- 1990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag. and Krupp-Koppers. Heads of Agreement were 
signed with a consortium headed by Uhdc GmbH to test coal from the Bownians deposit in the Rhcinbraun HTW gasifier and per-
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COMMERCIAL AND R&D PROJECTS (Continued) 

form a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of Bowmans coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRG, in August 1985, and a further 500 tonnes 
were tested in the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, FRG in December 1986. 

The third phase, the detailed costing and feasibility study, was deferred indefinitely in 1988 due to deferred need for new electric 
capacity with significantly reduced electricity load growth. 

Project Cost: DM 73 million 

SYNTIIESEGASANLAGE RULIR (SAR) - Ruhrkohle Oel and Gas GmbH and Hoechst AG (C-560) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The 800 tons per day coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to 
be fed into the Ruhrchemie's oxosynthesis plants. As of 1989 the gasification plant was to be modified to allow for input of either 
hard coal or heavy oil residues. The initial investment was subsidized by the Federal Minister of Economics of the Federal 
Republic of Germany. The Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia par-
ticipates in the coal costs. 

Project Costs: DM220 million (Investment) 

'I'AMI'ELIA KEELER 10CC PROCESS DEMONSTRATION - Tampella Keeler (C-565) 

After having obtained the rights to the Institute of Gas Technology's fluidized bed gasification technology in 1989, Tampetla Keeler 
began to design and initiate construction of a 10 MW thermal pilot plant at their research facilities in Finland. The pilot plant is 
considered essential for determining operating parameters for specific coals and for continuing process development in the areas of 
in-gasifier sulfur capture and hot gas cleanup. The pilot plant will be operational in early 1991. 

The pilot plant is designed so that alternative hot gas filters and zinc ferrite absorber/regenerator design concepts can be 
evaluated. The gasifier is 66 fool tall, with an inside diameter ranging from 2 to 4 feet. The gasifier will be capable of operating at 
pressures up to 425 psig. 

After the pilot plant construction was underway, Tampella turned its attention towards locating a demonstration project in Finland 
and one in the U.S. A cogeneration project to be located at an existing papennill has been selected as the basis for the demonstra-
tion in Finland. The gasifier will haw a capacity of 150 MW thermal which is equal to about 500 tons per day of coal consumption. 
The plant will produce about 60 MW of electricity and about 60 MW equivalent of district heating. 

Tampella with the assistance of Stone & Webster Engineering Corporation is in the process of identifying a utility project in the 
United States to be the basis of an application for funding to the United States Department of Energy's Clean Coal Program. Thus 
far, the team has evaluated four different options which include a stand alone IGCC plant and repowering scenarios. Capitol costs 
for these four options ranged from $141 million to $173 million. 

TEXACO MONTEBELLO RESEARCH LABORATORY STUDIES - Texaco Inc. (C-fl) 

Texaco has a number of on-going research and development programs at its Montebello Research Laboratory (MRL). MRL is a 
major pilot-scale process development facility which has been involved in gasification research since 1946. It currently has three 
gasifiers with rated capacities of 15-30 tons per day of coal. These units arc also capable of feeding a wide range of other solid and 
liquid fuels. 

While a major purpose for MRL is carrying out the research and pilot plant testing needed in the development of the Texaco 
Gasification Process (TOP), the pilot units are used also to obtain data required for the design and environmental permitting of 
commercial plants. Currently a major focus at Montebello is  five year cooperative agreement with the United States Department 
of Energy to develop and demonstrate the integration of hot gas cleanup with TOP-based coal gasification-electric power genera-
tion. The program calls for investigating, both technically and economically, in-situ and external hot gas desulfurization. The most 
promising of these will be demonstrated, along with other hot gas cleanup steps, in an integrated pilot unit. 

The program consists of me phases and will continue Phase II in 1991. These include: Phase I - Preliminary Desulfurization 
Research, Phase II - Process Optimization, Phase IN - Integrated Pilot Demonstration Unit (PDU) Design, Phase IV - Integrated 
System Commissioning, and Phase V - Integrated PDU Tests.
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COMMERCIAL AND R&D PROJECTS (Continued) 

Phase II work completed as of year end 1990 includes the evaluation of in situ sorbents using air-blown gasification instead of 
oxygen-blown gasification, the evaluation of a number of mixed metal oxide sort,ents using external fixed beds, and the evaluation 
of slurries of calcium-based sorbents. 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries. Ltd.. of Tokyo completed the world's first large scale ammonia plant based on the Texaco coal gasification process 
cI'cGP) in 1984. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are used 
with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and the first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative 'front end' of the existing steam reforming 
press, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus has a wide range of 
flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia from coals, naphtha and 
LPG as required. 

The 1.650 tons per day gasification plant has operated using four kinds of coal—Canadian, Australian. Chinese, and South African. 
Over 2.5 million tons of feed including 200.000 Ions of petroleum coke, had been gasified by 1990. The overall cost of ammonia is 
said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant is expected 
to he even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

VEW GASIFICATION PROCESS - Vereinigte Elektrizitatswcrke Westfalen AG, Dortmund (C-600) 

A gasification process being specially developed for application in power plants is the yEW Coal Conversion Process of Vereinigle 
Elektrizitatswerke Westfalen AG, a German utility. The process works on the principle of entrained flow. Coal is partly gasified 
with air and the remaining coke is burned separately in a combustion unit. Because the coal is only partly gasfied, it is not neces-
sary to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
heated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Two variants are being tested for gas cleaning, 
whereby both wet and dry gas cleaning are being applied. These consist of: 

- Wet gas cleaning to remove chlorine and fluorine by forming ammonia salts; dry salts are produced in an evaporation 
plant. 

- Dry removal of chlorine and fluorine in a circulating fluidized bed in which lime is used as a reagent 

The test operation was finished in January 1991. 

The future concept of a coal-based combined cycle power plant links the partial coal gasification and the product gas cleaning with 
an innovative circulating fluidized bed combustor. In this process the product gas is freed only from dust, chlorine, and fluorine in 
order to protect the gas turbine materials. No  

reduction and sulfur removal is carried out in the combustor. 

yEW is presently planning the conversion of one of its six gas-fired power stations to the new technology. 

Project Cost: Not disclosed 

VICTORIAN BROWN COAL LIQUEFACTiON PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-6I0) 

BCLV was operating a pilot plant at Moiwell in southeastern Victoria to process the equivalent of SO tonnes per day of moist ash 
free coal until October 1990. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a 
consortium involving Kobe Steel, Mitsubishi Kasei Corporation, Nissho Iwai, Idemitsu Kosan, and Cosmo Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy and Industrial Technology Development Organization (NEDO). NBCL is entrusted with implementation of the 
entire program, and BCLV is carrying out the Australian components. The Victorian government is providing the plant site, the 
coal, and some personnel.
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Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. The pilot plant was operated until October 1990, and shut down at that point. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant, The aim of the pilot plant 
was to prove the effectiveness of the BCL Process which had been developed since 1971 by the consortium. 

Work at the DCLV plant was moved in 1990 to a Japanese laboratory, starting a three-year study that will determine whether a 
demonstration plant should be built. NBCL is developing a small laboratory in Kobe, Japan, specifically to study the Morwell 
project. 

Pan of the plant will be demolished and the Coal Corporation of Victoria is considering using a pan of the plant for an R&D 
program aimed at developing more efficient brown coal technologies. The possibility of building a demonstration unit capable of 
producing 16,000 barrels per day from 5,000 tonnes per day of dry coal will be examined in Japan. 

If a commercial plant were to be constructed, it would be capable of producing 100,000 barrels of synthetic oil, consisting of six 
tines of plant capable of producing 16,000 barrels from 5,000 tonnes per day dry coal. For this future stage. Australian companies 
will be called for equity participation for the project. 

Project Cat: Approximately $700 million 

VIRGINIA IRON COREX PROJECT - Virginia Iron Industries Corp. (C-613) 

In 1990, Virginia Iron announced it would be the first United States industry to use the CORI3X coal gasification technology, a 
German steel manufacturing process integrated with power generation. The plant will be very similar to the ISCOR plant installed 
in 1989 in Pretoria, South Africa, but will be located in Hampton Roads, Virginia. 

The plant will produce a total of 340 megawatts, of which 130 megawatts will be used in the plant's gasification process and 
210 megawatts will be sold to Virginia Power. The $800 million project is scheduled to come on line in 1994 with full operation 
beginning in 1995. 

WESTERN CANADA IGCC DEMONSTRATION PLANT— Coal Association of Canada, Canadian Federal Government, the Provin-
cial Governments of Alberta, Saskatchewan, Ontario and British Columbia (C.615) 

A C$1 million feasibility study, led by the Coal Association of Canada and begun in 1990, has selected a 240 MW facility to be 
designed around a General Electric 7001 F gas turbine to test integrated gasification combined cycle technology in Western 
Canada. The demonstration will also be the first in the world to test carbon dioxide recovery. When complete in mid 1991, the 
feasibility study will also identify the plant site and operator. 

The project will incorporate a Shell entrained flow gasifier capable of using 2,400 tonnes per day of subbituminous coal and will 
also feature testing of a process that will recover 50 percent of the carbon dioxide from the gas stream prior to combustion. Capital 
cost is estimated around C$2,/kW. 

Operation of the facility could begin as early as 1996. 

WESTERN ENERGY ADVANCED COAL CONVERSION PROCESS DEMONSTRATION - Rosebud SynCoal Partnership, West. 
ern Energy Company, United States Department of Energy (C.616) 

The United States Department of Energy (DOE) signed an agreement with Western Energy Company for funding as a replace-
ment project in Round I of the Department's Clean Coal Technology Program. DOE will fund half of the $69 million project and 
the partners will provide the other half of the funding. Western Energy Company has entered a partnership with Scoria Inc., a sub-
sidiary of NRG, Northern States Powers' nonutility group. The new entity, Rosebud SynCoal Partnership will be the project 
owner. Western Energy Company has retained a contract to build and operate the facility. 

The Western proposal is a novel coal cleaning process to improve the heating value and reduce the sulfur content of western coals. 
Typical western coals may contain moisture as much as 25 to 55 percent of their weight. The high moisture and mineral content of 
the coals reduces their heating value to less than 9,000 BTU per pound. 

The Western Energy process would upgrade the coals, reducing their moisture content to as low as 1 percent and produce a heating 
value of up to 12,000 BTU per pound. The process also reduces sulfur content of the coals, which can be as high as 13 percent, to 
as low as 0.3 percent. The project will be conducted at a 50 ton per hour unit adjacent to a Western Energy subbituminous coal 
mine in Colstrip, Montana.
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Western Energy is ahead of schedule and ma y proceed with construction nrior to the Se ptember 1991 construction date. The 
proiect is scheduled to be completed in 1996. 

If demonstration is successful, Western Energy hopes to build a privately financed commercial-scale plant processing Ito 3 million 
tons of coal per year by 1997. 

Project Cat:	 $69 million 

WUJING TRJGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-620) 

Shanghai Coking and Chemical Plant (SCCP) is considering a trigeneration project to produce coat-derived fuel gas, electricity, and 
steam. The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shan-
ghai. SCCP contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The project will consist of coal gasification facilities and other processing units to be installed and operated with the existing coke 
ovens in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 3,800 Kcal per cubic 
meter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50 to 60 megawatts of etectricity, 100 metric tons per 
hour of tow pressure steam; and 300, 	 metric tons per year of 99.85 percent purity chemical grade methanol, 100,000 metric tons 
per year of acetic anhydride, and 50, 	 metric tons per year of cellulose acetate. The project will be constructed in stages. 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program, International Development Cooperation Agency. 

The Phase I design has been revised to produce one million cubic meters of town gas per day and 20,000 tons of formic acid per 
year. Its feasibility study was submitted by Shanghai Municipality in December of 1990 to the Chinese National Planning Commis-
sion for approval. Its early stage work will begin in 1991. The original Phase I design which was approved by the Chinese National 
Planning Board in 1989 called for the production of 100,000 tons of methanol and 15,ODO tons of cellulose acetate per year. 

Project Cost: Not disclosed 

YUNNAN LURCH CHEMICAL FERTILIZERS PLANT - Yunnan Province, China (C-625) 

In the 1970s, a chemical fertilizer plant was set up in Yunnan province by using Lurgi pressurized gasifiers of 2.7 meter diameter. 
The pressurized gasification of a coal water slurry has completed a model test with a coal throughput of 20 kilograms per hour and 
achieved success in a pilot unit of 13 tons per hour. The carbon conversion reached 95 percent, with a cold gas efficiency of 
66 percent. 

For water-gas generation, coke was first used as feedstock. In the 1950s, experiments of using anthracite to replace coke were suc-
cessful, thus reducing the production cost of ammonia by 25 to 30 percent. In order to substitute coal briquettes for lump 
anthracite, the Beijing Research Institute of Coal Chemistry developed a coal briquetting process in which humate was used as a 
binder to produce synthetic gas for chemical fertilizer production. This process has been applied to production. 
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Project 

A-C Valley Corporation Project 

Acurcx-Acrothcryn lx,w-BTU Gasifier 
for Commercial Use 

AIM. lixtractive Coking Process 
Development 

Advanced Flash Ilydropyrolysis 

Agglomerating Burner Project 

Air Products Slagging Gasifier 
Project 

Alabama S ynthetic Fuels Project 

Anna Coal Gasification Plant 

Appalachian Project 

Aqua Black Coal-Water Fuel 

Arkansas Lignite Conversion 
Project 

Australian SRC Project 

Beach-Wihaux Project 

Beacon Process 

Bell high Mass Flux Gasifier 

Beluga Methanol Project 

RI-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Sagging Project 

Car-Mox Low-BTU Gasification 
Project

Sponsors 

A-C Valley Corporation 

Acurex-Aerotherm Corporation 
Glen-Gery Corporation 
United Stales Department of Energy 

Arthur D. Little. Inc. 
Foster-Wheeler 
United States Department of Energy 

Rockwell International 
U.S. Department of Energy 

Baltelle Memorial Institute 
United States Department of Energy 

Air Products and Chemicals. Inc 

AMTAR Inc. 
Applied Energetics Inc. 

AMAX. Inc. 

M. W. Kellogg Co. 
United States Department of Energy 

Gallagher Asphalt Company, 
Standard Ilavens. Inc. 

Dow Chemical Company. 
Etectec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development Ply, Ltd. 

See Tenneco SNG from Coal 

Standard Oil Company (Ohio) 
TRW. Inc. 

Bell Aerospace Textron 
Gas Research Institute 
United States Department of Energy 

Cook Inlet Region, Inc. 
Placer U. S. Inc. 

United States Department of Energy 

Bechtel Petroleum, Inc. 

El Paso Natural Gas Company 

Dravo Constructors 
World Energy Inc. 

Calderon Energy Company 

Fike Chemicals, Inc.

Last Appearance in SFR 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page 13-23 

June 1987; page 447 

September 1978; page 13-22 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

September 1989; page 4-53 

December 1986; page 4-35 

December 1984: page 4-64 

September 1985; page 4-62 

March 1985; page 4-62 

December 1981: page 4-72 

December 1983; page 4-77 

March 1985; page 4-63 

December 1983; page 4-78 

September 1983; page 4-62 

March 1987; page 4-90 

December 1985; page 4-73 

March 1980; page 4-53 
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Pro ject Sponsors Last Appearance in SF 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page 13-25 

Caterpillar Low BTU Gas From Coat Caterpillar Tractor Company September 1988; page 4-55 

Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Scars Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active Fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page 13-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Chiriqui Grande Project Ebasco Services, Inc. June 1987; page 4-51 
United States State Department (Trade & Development) 

Chokecherry Project Energy Transition Corporation December 1983; page 4-81 

Circle West Project Meridian Minerals Company September 1986; page 4-58 

Clark Synthesis Gas Project Clark Oil and Refining Corporation December 1982: page 4-85 

Clean Coke Project United States Department of Energy December 1978; page 13-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page 13-26 

Coalex Process Development Coalex Energy December 1978; page 13-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Colstrip Cogeneration Project Bechtel Development Company December 1990; page 4-59 
Colstrip Energy Limited Partnership 
Pacific Gas and Electric Company 
Rosebud Energy Corporation 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project
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Project Sponsors Last Appearance in SFR 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy 

Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
tion Plant Project Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy 

Cool Water Gasification Program Bechtel Power Corporation September 1989; page 4-58 
Empire State Electric Energy Research Corporation 
Electric Power Research Institute 
General Electric Company 
Japan Cool Water Program Partnership 
Sohio Alternate Energy 
Southern California Edison 

Corex Iron Making Process Korl Engineering March 1990; page 4-51 

Cresap Liquid Fuels Plant Fluor Engineers and Constructors December 1979; page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-8 
Project TransWorld Resources 

DeSola County, Mississippi Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal Liquefaction Process Dow Chemical Company December 1984; page 4-70 
Development 

Dow Gasification Process Development Dow Chemical Company June;1987 page 4-53 

EDS Process Anaconda Minerals Company June 1985; page 4-63 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

Elmwood Coat-Water-Fuel Project Foster Wheeler Tennessee March 1987; page 4-66 

Emery Coal Conversion Project Emery Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985; page 4-66 

Escrick Cyclone Gasifier Test Oaklands Limited March 1991; page 4-81
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Project Sponsors Last A ppearance in SFR 

Exxon Catalytic Gasification Exxon Company USA December 1984; page 4-73 
Process Development 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 1982; page 4-76 

Fast fluid fled Gasification hydrocarbon Research, Inc. December 1982; page 4-90 
United Slates Department of Energy 

Fiat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat flG 
KRW Energy Systems, Inc. 

Flash Pyrolysis Coal Occidental Research Corporation December 1982; page 4-91 
Conversion United States Department of Energy 

Flash Pyrolysis of Coat Brookhaven National Lahoraloty June 1988; page 4-69 

Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 
Project United States Department of Energy 

Fuel Gas Demonstration Plant Foster-Wheeler Energy Corporation September 1980; page 4-68 
Program United States Department of Energy 

Fulaiji Low-BTU Gasifier M.W. Kellogg Company December 1988; page 4-59 
People's Republic of China 

Gas Turbine Systems Development Curtiss-Wright Corporation December 1983; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Greek Lignite Gasification Project Nitrogenous Fertilizer Industry (AEVAL) September 1988; page 4-61 

Grcfco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

Hanover Energy Doswell Project Doswell Limited Partnership March 1991; page 4-84 

II-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coat Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

I hillshorough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Ilowrnet Aluminum Howmet Aluminum Corporation March 1985, page 4-74 

II-R International Syngas Project H-R International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium
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Project Sponsors Last Appearance in SER 

I luenxe CGT Coal Gasification Pilot Plant Carbon Gas Technology (CGT) GmhII March 1991; page 4-85 
Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page 8-31 

United Slates Department of Energy 

IIYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
lion Plant Project United States Department of Energy 

Integrated Two-Stage Liquefaction Cities Service/Lummus September 1986; page 4-69 
FIT Coal to Gasoline Plant International Telephone & Telegraph December 1981; page 4-93 

J. W. Miller 
United States Department of Energy 

Kaiparowits Project Arizona Public Service March 1978; page B-IS 
San Diego Gas and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 445 
Project Administration 

Kcn-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 

Keystone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/Hoffman Project B.). Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. 

KIInGAS Project Allis-Chalmers December 1988; page 4-65 
State of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 

- Illinois Power Company 
Ohio Edison Company 

Klockner Coal Gasifier Kiock-ner Kohlegas March 1987; page 4-74 
CRA (Australia) 

Kohle Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

Lake DeSmet SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transwestern Coal Gasification Company 

Latrobe Valley Coal Lique- Rhcinische Braunkohlwerke AG December 1983; page 4-96 
faction Project 

I.C-Fining Processing of SRC Cities Service Company December 1983; page 4-96 
United States Department of Energy 

LIBIAZ Coal-To-Methanol Project Krupp Koppers, KOPEX December 1988; page 4-65 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Com- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy
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Project	 Sponsors	 Last Appearance in SFR 

Low/Medium-BTU Gas for Multi- 	 Bethlehem Steel Company	 December 1983; page 4-98 
Company Steel Complex	 United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 4-49 
Project University of North Dakota 

Lulea Molten Iron Gasification Pilot Plant KIID Ilumbolt WedagAG and March 1991; page 4-90 
Sumitomo Metal Industries, Ltd. 

Lummus Coal Liquefaction Lummus Company Jane 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98 
Mazingarbe Coal Gasification Project Ccrchar (France) September 1985, page 4-73 

European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979; page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc. 

Memphis Industrial Fuel Gas CBI Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal UGI Corporation March 1978; page B-22 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Midrex Electrothermal Direct Georgetown Texas Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Millmerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co.
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Weyerhaeuser 

Minnegasco High-BTU Gas 	 Minnesota Gas Company 	 March 1983; page 4-108 
from Peat	 United States Department of Energy 

Minnegasco Peat Biogasification	 Minnesota Gas Company 	 December 1981; page 4-88 
Project	 Northern Natural Gas Company 

United States Department of Energy

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

- Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88 

Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mountain Fuel Coal Gasification Process Mountain Fuel Resources September 1988; page 4-67 
Ford Bacon & Davis 

Mulberry Coat-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

National Synfuets Project Elgin Butler Brick Company September 1988; page 4067 
National Synfuets Inc. 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slunytech, Inc. 

New Mexico Coal Pyrolysis Project Energy Transition Corporation September 1988; page 4-67 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels lnterNorth December 1983; page 4-106 
Project Minnesota Gas Company 

Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light
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Project	 Sponsors	 Last Appearance in SFR 

NYNAS Energy Chemicals Complex 

Ot,erhausen Coal Gasification 
Project 

Ohio I Coal Conversion 

Ohio I Coat Conversion Project 

Ohio Valley Synthetic Fuels 
Project 

Ott Ilydrogeneration Process 
Project 

Peat-by-Wire Project 

Peal Methanol Associates Project 

Penn/Sharon/Klockner Project 

Philadelphia Gas Works Synthesis 
Gas Plant 

Phillips Coal Gasification 
Project 

Pike County Low-BTU Gasifier 
for Commercial Use 

Plasma Arc Torch 
Corporation 

Port Sutton Coal-Water Fuel Project 

Powerton Project 

Purged Carbons Project 

Pyrolysis Demonstration Plant 

Pyrolysis of Alberta Thermal Coals, 
Canada 

Riser Cracking of Coal

AGA 
A. Johnson & Company 
Swedish Investment Bank 
Ruhrchemie AG 
Ruhrkohle Gel & Gas Gmbll 

Alberta Gas Chemicals, Inc. 
North American Coal Corporation 
Wentworth Brothers 

Energy Adaptors Corporation 

Consolidated Natural Gas System 
Standard Oil Company of Ohio 

Carl A. Ott Engineering Company 

PBW Corporation 

ETCO Methanol Inc. 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat MethanotCompany 

Klockner Kohlegas GmbIJ 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works 
United States Department of Energy 

Phillips Coal Company 

Appalachian Regional Commission 
Kentucky, Commonwealth of 
United States Department of Energy 
Swindell-Dresser Company 
Technology Application Service 

ARC-Coal, Inc. 
COMCO of America, Inc. 

Commonwealth Edison 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Integrated Carbons Corporation 

Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Alberta/Canada Energy Resource 
Research Fund 
Alberta Research Council 

Institute of Gas Technology 
United Sates Department of Energy

December 1990; page 4-76 

September 1986; page 4-79 

March 1985; page 4-88 

March 1990 page 4-65 

March 1982; page 4-68 

December 1983; page 4-107 

March 1985: page 4-89 

June 1984: page 4-85 

March 1985; page 4-72 

December 1983: page 4-108 

September 1984; page C-28 

June 1981: page 4-78 

December 1978; page B-33 

December 1985; page 4-86 

March 1979; page 4-86 

December 1983; page 4-108 

December 1978; page 8-34 

March 1985; page 4-90 

December 1981; page 4-93 
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Project 

RUHRIOO Project 

Rheinbraun 1-lydrogasification of Coal 

Saarbergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Scrubgrass Project 

Sesco Project 

Sharon Steel 

Simplified IGCC Demonstration Project 

Slagging Gasification Consortium 
Project 

Sohio Lima Coal Gasification! 
Ammonia Plant Retrofit Project 

Solo tion-Hydrogasification 
Process Development 

Southern California Synthetic 
Fuels Energy System 

Solvent Refined Coal Demonstration 
Plant 

Steam-Iron Project 

Synthane Project 

Synthoil Project 

Sweeny Coal-to-Fuel Gas Project 

Tenneco SNG From Coal

Sponsors Last Appearance in SFR 

Ruhrgas AG September 1984; page C-29 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Reinische Braunkohlenwerke December 1987; page 4-80 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke AG June 1984; page 4-86 
Dr. C. Otto & Company 

Foster Wheeler Corporation September 1985; page 4-77 

Scrubgrass Associates March 1990; page 4-69 

Solid Energy Systems Corporation December 1983; page 4-110 

Kiockner Kohlegas GmbiI March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

General Electric Company September 1986; page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy 

Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Big Three Industries, Inc. 
The HOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Alternate Energy Development March 1985; page 4-93 
Company

General Atomic Company	 September 1978; page B-31 
Stone & Webster Engineering Company 
C. F. Braun	 March 1981; page 4-99 
Pacific Lighting Corporation 
Southern California Edison Company 
Texaco Inc. 

International Coal Refining Company	 September 1986; page 4-83 
Air Products and Chemicals Inc. 
Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Gas Research Institute
	

December 1978; page 11-35 
Institute of Gas Technology 
United States Department of Energy 

United States Department of Energy 	 December 1978; page 13-35 

Foster Wheeler Energy Corporation	 December 1978; page 11-36 
United States Department of Energy 

The Signal Companies, Inc. 	 March 1985; page 4-94 

Tenneco Coal Company	 March 1987; page 4-85 
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Pro ject Sponsors Last Appearance in SFR 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Toscoal Process Development TOSCO Corporation September 1988; page 4-72 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 
TVA Ammonia From Coal Project Tennessee Valley Authority September 1989; page 4-77 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown EnergyTechnology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas 

Underground Coal Gasification, Energy International March 1990; page 4-76 
Ammonia/Urea Project 

Underground Gasification of Anthracite, Spruce Creek Energy Company March 1990; page 4-76 
Spruce Creek 

Underground Coal Gasification, Joint Government of Belgium March 1990; page 4-74 
Belgo-German Project 

UCG Brazil Compannia Auxiliar de Empresas Electricas Brasileriras September 1988; Page 4-75 

UCG Brazil Companhia Auxiliar de Empresas Electricas Brasileiras December 1988; page 4-25 
U.S. DOE 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, British Coal 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company 
Ilanna Project United States Department of Energy 

Underground Coal Gasification, Leigh Creek Government of South Australia 

Underground Coal Gasification Lawrence Livermore National Laboratory 
IIoe Creek Project United States Department of Energy 

Underground Coal Gasification LLNL Lawrence Livermore National Laboratory 
Studies 

Underground Coal Gasification Mitchell Energy 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO 
Rocky Hill Project

September 1987; page 4-76 

June 1985; page 4-75 

September 1989; page 4-81 

December 1983; page 4-119 

December 1990; page 4-84 

March 1985; page 4-98 

December 1983; page 4-120 
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Pro ject Sponsors Last Appearance in SFR 

Underground Coal Gasification, Rocky Amoco Production Company March 1990; page 4-76 
Mountain I Test 

Underground Gasification of Deep Scams Groupe d'Etudes de Ia Gazeiflcation Souterraine December 1987; page 4-86 
Charbonnages de France 
Gaz de France 
Institut Francais do Petrole 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification. India Oil and Natural Gas Commission March 1991; page 4-104 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Comnier- United States Department of Energy 
cial Use 

Utah Methanol Project Ouestar Synfuets Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page B-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification United Synfuels Inc. September 1984; page C-36 

Wyoming Coal Conversion Project WyCoalcas, Inc. (a Panhandle Eastern December 1982; page 4-112 
Company) 

Zinc Halide Ilydrocracking Conoco Coal Development Company June 1981; page 4-86 
Process Development Shell Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Proiect Name 

ACME Power Company ACME Coal Gasification Desulfurizing Process 4-60 

AECI Ltd. AECI Ammonia/Methanol Operations 4-61 
Coalplex Project 4-68 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-80 
Liquid Phase Methanol Demonstration Project 4-81 

Alastair Gillespie & Associates Ltd. Scotia Synfuels Project 4-88 

AMAX AMAX/EMRC Mild Gasification Demonstration 4-61 
Mild Gasification of Western Coal Demonstration 4-81 

Amoco British Solvent Liquid Extraction Project 4-63 

Australia, Federal Government of Victorian Brown Coal Liquefaction Project 4-92 

Basin Electric Cooperative Great Plains Synfuels Plant 4-74 

Bechtel Inc. Minnesota Power ELFUEL Project 4-82 

Beijing Research Institute of Coal Chemistry DRJCC Coal Liquefaction Program 4-63 
China Ash Agglomerating Gasifier Project 4-66 

BE WAG AG BEWAG CCC Project 4-61 

Bharat Heavy Electricals Ltd. DUEL Coal Gasification Project 4-62 
DUEL Combined Cycle Demonstration 4-62 

BNI Coal Minnesota Power ELFUEL Project 4-82 

B? United Kingdom, Ltd. Monash Hydroliquefaction Project 4-82 

British Coal Corporation British Coal Liquid Solvent Extraction Project 4-63 
CRE Spouted Bed Gasifier 4-69 
Advanced Power Generation System 445 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-63 
CItE Spouted Bed Gasifier 4-69 

British Gas Corporation MRS Coal Hydrogenator Process Project 4-83 
Slagging Gasifier Project 4-90 

Broken Hill Pt3'. Co. Ltd. Broken Hill Project 4-64 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-64 

Brown Boveri and Cie BEWAG CCC Project 4-61 

Brown Coal Liquefaction Pty. Ltd. Victorian Brown Coal Liquefaction Project 4-92 

Calderon Energy Company Calderon Energy Gasification Project 4-65 

Canadian Energy Developments Frontier Energy Coprocessing Project 4-73 

Canadian Federal Government Western Canada IGCC Demonstration Plant 4-93 

Carbocol Colombia Gasification Project 4-68 

Carbon Fuels Corp. Char Fuels Project 465

SYN1'ILETIC FUELS REPORT, JUNE 1991 
4-106 



Company or Ottanization 

Central Research Institute of Electric Power Industry CRIEPI Entrained now Gasifier 

Char Fuels of Wyoming Char Fuels Project 

Chem Systems Inc. Laporte Liquid Phase Methanol Synthesis 

China National Technical Import Lu Nan Ammonia-from-Coal Project 
Corporation 

Clean Power Cogeneration Inc. Clean Power Cogeneration IGCC Plant 

Coal Association of Canada Western Canada IGCC Demonstration Plant 

Coal Conversion Institute Polish Direct Liquefaction Process 

Coal Corporation of Victoria Monash Ilydroliquefaction Project 

Coal Gasification, Inc. COGA-1 Project 

Coal Technology Corporation Mild Gasification Process Demonstration Unit 

Combustion Engineering Lakeside Repowering Gasification Project

Commonwealth Energy 

Continental Energy Associates 

Cosmo Oil 

Dakota Gasification Company 

Delmarva Power & Light 

Destec Energy, Inc. 

DEVCO 

Dow Chemical 

Electric Power Research Institute 

Elkraft 

Elsam 

Encoal Corporation 

Energy Brothers Inc. 

European Economic Community 

Fundacao de Ciencia e Technologia (CIENTEC) 

General Electric Company 

German Democratic Republic 

GEK Gesellschaft fur Kohleverfiussigung 

Gulf Canada Products Company 

I IOECFIST AG

IMI-1EX Molten Carbonate Fuel Cell Demonstration 

Freetown 10CC Project 

Can-Do Project 

Victorian Brown Coal Liquefaction Project 

Great Plains Synfuels Plant 
Liquid Phase Methanol Demonstration Project 

Delaware Clean Energy Project 

Dow Syngas Project 

Scotia Coal Synfuels Project 

Dow Syngas Project 

Advanced Coal Liquefaction Pilot Plant 
Laporte Liquid Phase Methanol Synthesis 

Danish Gasification Combined Cycle Project 

Danish Gasification Combined Cycle Project 

Encoal LFC Demonstration Plant 

K-Fuel Commercial Facility 

British Coal Liquid Solvent Extraction Project 

CIVOGAS Atmospheric Gasification Pilot Plant 
CIGAS Gasification Process Project 

Freetown IGCC Project 

GSP Pilot Plant Project 

GFK Direct Liquefaction Project 

Scotia Coal Synfuels Project 

Synthesegasanlage Rurh
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Company or Organization Project Name 

II RI Inc. Ohio Coal/Oil Co-Processing Project 4-84 

Idemitsu Kosan Victorian Brown Coal Liquefaction Project 4-92 

Institute of Gas Technology IMIIEX Molten Carbonate Fuel Cell Demonstration 4-77 
Minnesota Power ELFUEL Project 4-82 

Interproject Service AD P-CIG Process 4-84 

ISCOR ISCOR Melter-Gasilier Process 4.77 

Japan. Government of Victorian Brown Coal Liquefaction Project 4-92 

Kellogg Company. The M.W. KRW Energy Systems Inc. Advanced Coal Gasification 4-79 
System for Electric Power Generation 

Pressurized fluid Bed Combustion Advanced Concepts 4-86 

Kemira Oy Oulu Ammonia From Peat Project 4-84 

Kilhorn International Frontier Energy Coprocessing Project 4-73 

Kobe Steel Victorian Brown Coal Liquefaction Project 4-92 

Krupp Koppers Gobi PRENFLO Gasification Pilot Plant 4-86 

Louisiana Gasification Technology, Inc. Dow Syngas Project 4-71 

Lurgi GmblI BEWAG CCC Project 4-61 
Rheinbraun Iligh-'I'emperature Winkler Project 4-86 

M-C Power Corporation IMIJEX Molten Carbonate Fuel Cell Demonstration 4-77 

Minister of Economics, Small Business and Bottrop Direct Coal Liquefaction Pilot Plant 4-63 
Technology of the State of North-Rhine, 
Westphalia 

Minnesota Power & Light Minnesota Power ELFUEL Project 4-82 

Mission Energy Delaware Clean Energy Project 4-71 

Mitsubishi Chemical Industries Victorian Brown Coal Liquefaction Project 4-92 

Monash University Monash Ilydroliquelaction Project 4-82 

New Energy Development Organization CRIEPI Entrained flow Gasifier 4-70 
HYCOL Hydrogen From Coal Pilot Plant 4-76 
Nedol Bituminous Coal Liquefaction Project 4-83 

Nippon Brown Coal Liquefaction Co. Victorian Brown Coal Liquefaction Project 4-92 

Nippon Steel Corporation P-CIG Process 4-84 

Nissho Iwai Victorian Brown Coal Liquefaction Project 4-92 

Nokota Company Dunn Nokota Methanol Project 4-72 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4-63 
Synthesegasanlage Ruhr (SAR) 4-91 

NOVA Scotia Coal Synfuels Project 4-88 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4-88 

Ohio Clean Fuels Inc. Ohio Coal/Oil Co-Processing Project 4-84 

Ohio Coal Development Office Ohio Coal/Oil Co-Processing Project 4-84 

Osaka Gas Company MRS Coal 1-lydrogenator Process Project 4-83
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Company or Organization Project Name 

Otto-Simon Carves CRE Spouted Bed Gasifier 4-69 

People's Republic of China Mongolian Energy Center 4-83 
Shanghai Chemicals from Coal Plant 4-89 
Shougang Coal Gasification Project 4-90 

Petro-Canada Scotia Coal Synfuels Project 4-88 

Powerflen Advanced Power Generation System 4-85 

Research Ass'n For Hydrogen From Coal Process Hycol Hydrogen From Coal Pilot Plant 4-76 
Development, Japan 

Rheinische Braunk-ohlwerke AG Rheinbraun high-Temperature Winkler Project 4-86 

Rosebud SynCoal Partnership Western Energy Advanced Coal Conversion Process Demonstration 4-93 

Royal Dutch/Shell Group Shell Coal Gasification Project 4-89 

Ruhrkohle AG Bottrop Direct Coal Liquefaction Pilot Plant Project 4-63 
British Coal Liquid Solvent Extraction Project 4-63 
Synthesegasanlage Ruhr (SAR) 4-91 

RWE Energie AG Koflra High-Temperature Winkler 1(3CC Demonstration Plant 4-78 

Saahergwerkc AG GFK Direct Liquefaction Project	 - 4-74 

Sasol Limited Sasol 4-87 

SET SEP Gasification Power Plant 4-89 

Shanghai Coking& Chemical Corporation WujingTrigeneration Project 4-94 

Shell Oil Company Shell Coal Gasification Project 4-89 

South Australia, Government of South Australian Coal Gasification Project 4-90 

Southern Company Services, Inc. hot Gas Cleanup Process 4-75 

Star Enterprise Delaware Clean Energy Project 4-71 

Stone & Webster Engineering Corporation Ohio Coal/Oil Co-Processing Project 4-84 

Tampella Keeler Tampella Keeler IGCC Process Demonstration 4-91 

Tennessee Eastman Company Chemicals From Coal 4-66 

Texaco Inc. Cool Water Coal/MSW Gasification Project 4-68 
Delaware Clean Energy Project 4-71 
Texaco Montebello Research Laboratory Studies 4-91 

Texaco Syngas Inc. Cool Water Coal/MSW Gasification Program 4-68 
Delaware Clean Energy Project 4-71 
Freetown 10CC Project 4-73 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-92 

Uhde GmbH Rheinbraun I ugh-Temperature Winkler Project 4-86 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-77 

United Kingdom Department of Energy Advanced Power Generation System 4-85 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-60 
Brookhaven Mild Gasification of Coal 4-64 
Calderon Energy Gasification Project 4-65 
Encoal LFC Demonstration Plant 4-72
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Company or Onanization Project Name fu2 

hot Gas Clean Up Process 4-75 
KRW Advanced Coal Gasification System for 4-79 

Electric Power Generation 
Lakeside Repowering Gasification Projcct 4-80 
Laporte Liquid Phase Methanol Synthesis 4-80 
Mild Gasification Process Demonstration Unit 4-81 
Ohio Coal/Oil Co-Processing Project 4-84 
Western Energy Advanced Coal Conversion Process Demonstration 4-93 

University of North Dakota Energy Minerals 
Research Center AMAX/I3MRC Mild Gasification Demonstration 4-61 

Veha Oct Gmbh-1 Bottrop Direct Coal Liquefaction Pilot Plant Project 4-63 

Vercinigte Elektrizitatswerke Westfalen AG VEW Gasification Process 4-92 

Victoria, State Government of Victorian Brown Coal Liquefaction Project 4-92 

Virginia Iron Industries Corp. Virginia Iron Corex Project 493 

Voest-Alpine Industrieanlagenbau ISCOR Melter Gasifier Process 4-77 

German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-63 
Research & TEchnology GFK Direct Liquefaction Project 4-74 

Rheinbraun High Temperature Winkler Project 4-86 

Western Energy Company Western EnergyAdvanced Coal Conversion Process Demonstration 4-93 

Western Research Institute Mild Gasification of Western Coal Demonstration 4-81 

Westinghouse Electric KRW Advanced Coal Gasification System for Electric 4-79 
Power Generation 

Yunnan Province, China Yunnan Lurgi Chemical Fertilizer Plant 4-94
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INTERNATIONAL 

FRANCE MAY PROVIDE GAS CONVERSION 
TECHNOLOGY FOR QATAR 

An article in the OPEC Bulletin says that Institut Francais 
du Petrole (1FF), one of the world's foremost petroleum 
research centers, is ready to offer its technology and skills if 
Qatar wishes to set up a demonstration plant to convert its 
huge natural gas resources into high value-added products. 

This would allow Qatar, which has one of the world's largest 
single reservoirs of natural gas, to upgrade its resources to 
the maximum economic advantage.

and 6 percent in transportation. Crude oil's ratio as boiler 
fuel is 45 percent while transportation and petrochemicals 
account for 55 percent. This could vastly change as progress 
in research makes natural gas competitive with crude oil. 

In Qatar, gas could he put to a variety of petrochemical uses 
to produce hydrocarbon products such as ethylene, 
acetylene, benzene, hydrogen and coke. 

The Middle East and the Soviet Union control about 
70 percent of the world's proven gas reserves. 

###1 
!FP's deputy director, G. Martino, pointed out that at 
present 94 percent of natural gas is being used as boiler fuel
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TECHNOLOGY 

ADVANCES IN SYNTHOL TECHNOLOGY OFFER 
OPPORTUNITIES FOR NATURAL GAS CONVERSION 

According to J.N. Marriott of Sasol Technology (Pty) 
Limited, the last year saw important advances in Sasol 
processes for the conversion of coal and natural gas to motor 
fuels and chemicals. He says it is surprising that a technol-
ogy such as the Synthol technology, which is more than 
35 years old and which has not stood still in that period, 
could still allow such a quantum leap in results as has been 
demonstrated by Sasol's advanced fluid bed Synthol reactor. 

Of the various reactor configurations possible in which to 
achieve the Fischer-Tropsch reaction in practice, Sasol has 
commercialized three types and a fourth is in an advanced 
state of development. These four are discussed in the follow-
ing. 

Synthol Process 

The circulating fluid bed Synthol process remains the 
workhorse of the Sasot group. Eighteen reactors are in 
operation with hundreds of years of cumulative commercial 
experience. The reactors continue to perform well and are 
still capable of converting all the coal-derived synthesis gas 
available in Sasol's units in Secunda. The plant will again 
show an increase in capacity this year. This ongoing improve-
ment is due to the cumulative effect of improvements in 
catalysts, plant operating techniques, materials and main-
tenance. 

The Mossgas reactors for natural gas to liquids conversion 
are of the same type as those in Secunda and these will have 
the opportunity to demonstrate their capability later this year 
or early next year, when the plant is commissioned. These 
reactors show advances in detail, but little change in basic 
concept. The overall efficiency of the Synthol unit has been 
significantly increased by utilizing modern design techniques. 
The improvement is largely apparent in the waste heat 
recovery section. The reactor availability will be significantly 
improved by the use of an on-line catalyst addition system, 
says Marriott. 

Advanced Synthol Process 

The advanced Synthol reactor utilizes a conventional bub-
bling or "fixed" fluid bed (FFB) technology. This new reac-
tor type represents a major advance in the Fischer-Tropsch 
technology. The commercial scale advanced Symbol reactor 
has been in continuous commercial operation at Sasolburg 
since May 1989. The major improvements which have been 
demonstrated include: 

- Greatly increased train capacity 
- Significantly lower cost

Improved availability 
Reduced maintenance 
Improved operating stability 
Increased thermal efficiency 

The result is a major improvement in the potential 
economics of a synfuels plant. Sasol has quoted a synthesis 
train capacity increase from approximately 6,600 barrels per 
stream day to 16,500. A plant cost reduction of 60 percent 
has been achieved partly as a result of this considerable in-
crease in train capacity, but also because of the simplicity of 
the new layout. The original circulating fluid bed reactor re-
quired a significant and costly structure to support it. The 
advanced reactor is simply placed on a suitable foundation. 

Fixed Bed Fischer-Tropsch Process 

Sasol's major renewal project at Sasol One includes an expan-
sion of the fixed bed Fischer-Tropsch plant. For this expan-
sion Sasol has designed a unit containing a 5-meter-diameter 
tubular reactor. 

Slurry Phase Fischer-Tropsch 

In principle the slurry phase operation of Fischer-Tropsch 
should have similar advantages over the fixed bed tubular 
Fischer-Tropsch reactor as the conventional fluid bed reac-
tor has over a circulating fluid bed unit. These include larger 
economies of scale, simpler design of higher pressure units 
and far better isothermal operation. These advantages have 
a profound impact on economics. 

The slurry phase Fischer-Tropsch reactor operates at a lower 
temperature, and therefore will produce products that are 
more suitable for producing high quality middle distillates. 

After successful laboratory scale work, a decision was made 
to convert the 3-foot-diameter FFB demonstration reactor to 
slurry operation. In this reactor it is expected that Sasol will 
shortly have demonstrated solutions to most of the major 
problems faced in 3-phase operation. 

Advanced Natural Gas Process Configuration 

Marriott says that associated natural gas is often available at 
relatively low cost. In a situation where associated natural 
gas is available in sufficient volume, in a location where both 
a natural gas liquids cracker and a petroleum refinery exist, 
the Synthol process can be particularly attractive. 

Synthol produces a significant portion of its production as 
light olefins which can be integrated into the natural gas li-
quids (NOL) complex with only minor debottlenecking. The 
same is true for many of the liquids produced in Synthol 
which can be integrated into an existing refinery with only 
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FIGURE 1 

ADVANCED NATURAL GAS LIQUIDS/ 
INTEGRATED SYNTHOL PROCESS 
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minor changes. Some additional hydrotreating could be 
necessary because of the highly olelinic nature of Synthol 
products. 

This is shown in Figure 1. Such a single train unit using 
410 million standard cubic feet per day of natural gas could 
produce 16,500 barrels per day of oil, or alternatively about 
13,000 barrels per day of oil as well as 65,000 tons of 
ethylene and 75,000 tons of propylene. 

Economics which were showing reasonable results at $23 oil 
prices look just as good at $16 if present market prices can 
be obtained for ethylene and propylene. This number is 
based on zero value gas and should be increased by about 
$4 per barrel for every $050 per million B11J that the 
natural gas costs.
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RESOURCE 

UNITED STATES RESERVE ADDITIONS EXCEED 
PRODUCTION IN 1990 

According to the American Gas Association (AGA), natural 
gas drilling activity increased among the top 30 reserve 
holders and the independents during 1990 compared to the 
2 previous years. In 1990, there were over 10,000 gas well 
completions reported. While this level of activity is sig-
nificantly less than early 1980s drilling levels, it does repre-
sent a 10 percent increase over the number of gas wells com-
pleted in 1989. 

AGA's "Preliminary Findings Concerning 1990 Natural Gas 
Reserves" discusses recent industry activity in reserve addi-
tions and production. 

Based on the reserve additions reported by the top 
30 reserve holders, the estimate of total reserve additions in 
1990 is between 17,800 billion cubic feet and 21,500 billion 
cubic feet. Since the preliminary lower-48 states production 
estimate in 1990 is 16,800 billion cubic feet, AGA estimates 
that 1990 reserve additions are 105 to 128 percent of produc-
tion. This compares to replacement levels of 93 percent 
from 1981 to 1989. The AGA report notes that for the 
11 years prior to the passage of the Natural Gas Policy Act, 
the replacement ratio for the lower-48 states was only 
46 percent. 

Natural gas reserves reported by the 30 largest reserve 
holders showed that their 1990 reserve additions were about 
9,276 billion cubic feet, an increase of 1,789 billion cubic feet 
from a year earlier (see Table 1, next page). Total gas 
reserves for these companies increased slightly from 
93,823 billion cubic feet in 1988 to 93,966 billion cubic feet in 
1989 and increased again in 1990 to 95,138 billion cubic feet. 
The largest quantities of reserve additions among the top 30 
were reported by Amoco, Exxon, Texaco, Phillips, Shell and 
BP, each of which reported more than 500 billion cubic feet 
of reserve additions in 1990.

Reserve additions are made up of new field discoveries, new 
reservoirs in oil fields, extensions and revisions. For 1990, 
total lower-48 states discoveries were 70 percent of the 
reserves added for the top 30 reserve holders and 97 percent 
for the major gas transportation companies. The volume of 
new gas discovered in 1990 (6,494 billion cubic feet) by the 
top 30 producers has been nearly equaled only once in the 
past 7 years when, in 1984, approximately 6,369 billion cubic 
feet was discovered in the lower-IS states. Table 2 presents 
reserve additions for the past 8 years, broken down by new 
gas additions and revision additions. 

The major gas transportation companies also reported in-
creases in total reserves in 1990 (17,116 billion cubic feet in 
1990 compared to 15,999 in 1989). These companies re-
placed production at the rates of 100 percent and 
115 percent for 1990 and 1989, respectively. 

According to the report, production by the top 30 reserve 
holders has increased 8.8 percent from 1988 to 1990 
(7,873 billion cubic feet to 8,568 billion cubic feet). Produc-
tion by the major transportation companies increased 
12.5 percent from 1988 to 1990. 

One reason for these increasing reserve additions, says 
AGA, is continued technological advances in gas exploration 
and production techniques, including better access to new 
gas resources (e.g., deepwater and coalbed methane), and 
better geological capability to evaluate conventional forma-
tiorts. 

Important new discoveries were reported in 1990. The 
geographic areas described as the high interest exploration 
regions by the top 30 reserve holders are the Gulf of Mexico 
(deepwater and traditional areas), the Rocky Mountains, the 
Mid-continent and the San Juan basin. 

Annual shifts in reserves are occasionally supplemented by 
new trends in industry with both short-term and long-term 

TABLE 2 

NEW GAS, REVISIONS, RESERVE ADDITIONS
FOR TOP THIRTY RESERVE HOLDERS (1983-1990) 

(Billions of Cubic Feet)

1983 1984 1985 1986 1987 1988 1989 1990 

New Gas	 5,205 6,369 5,197 3,997 3,196 4,903 5,460 6,494 
Revisions	 1,251 829 1,114 2,310 2,384 3,276 2,026 2,782 
Reserve Additions 	 6,456 7,198 6,311 6,307 5,580 8,179 7,486 9,276
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TABLE 1 

RESERVES AND RESERVE ADDITIONS 
TOP THIRTY RESERVE HOLDERS, 1988-1990 

(Billions of Cubic Feet) 

1990 
Year-End 1990 1989 1988 

Company Reserves Adds Adds Adds 

Amoco 12,480 1,085 664 947 
Exxon 9,542 910 646 206 
Chevron 7,086 487 414 660 
Mobil 7,149 429 505 440 
Shell 6,398 675 572 312 
Arco	 - 6,256 431 723 1,076 
Texaco 4,849 785 675 737 
Burlington Resources 4,703 337 190 882 
Unocal 4,260 333 129 147 
Phillips 3,806 516 529 311 
BP 3,040 1,039 81 486 
USX 2,391 144 62 87 
Occidental 2,335 150 183 119 
Dupont (Conoco) 2,299 251 250 298 
Mesa 1,971 4 49 -3 
Oryx 1,885 192 277 189 
Union Pacific 1,694 245 222 197 
Anadarko 1,650 112 103 124 
Enron 1,343 148 229 125 
Enserch 1,224 90 66 56 
Amerada Hess 1,152 260 40 76 
Consolidated 1,125 52 89 98 
Coastal 1,085 205 19 44 
Sonat 905 15 84 64 
Pennzoil 892 104 100 182 
Columbia 813 82 97 83 
Cabot 736 74 191 77 
Arkla 735 19 107 18 
American Petrofina 672 78 57 51 
Freeport MeMoran 66k2 24 114 25 

Total 95,138 9,276 7,487 8,184

consequences, says AGA. New technologies and subsequent 
development activity have fueled the emergence of coalbed 
methane into the gas supply mainstream. This resource was 
called "unconventional" as recently as 1986, but now the 
recoverable coalbed methane potential resource base in the 
lower-48 states is estimated to be 90.1 trillion cubic feet. Tax 
credits offered on production until 2003 for wells spudded 
before January 1, 1993 have helped increase recent coalbed 
methane, tight formations and Devonian shale drilling.

Proved developed reserves as a percentage of total proved 
reserves averaged 85 and 84 percent for the top 30 producers 
in 1988 and 1989, respectively, and averaged 84 percent in 
1990. Recent increases in reserves have not been skewed by 
abnormal quantities of undeveloped reserves. Most top 
30 producers have maintained their balance of proved 
developed reserves to total reserves, which implies that little 
loss of deliverability from total gas reserves has occurred 
over the past 3 years. 
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STATUS OF NATURAL GAS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1991) 

FUELCO SYNIJYTECIL PLANT - Fuel Resources Development Company (0-10) 

Fuel Resources Development Company (FuelCo) held ground breaking ceremonies in May 1990 for their Synhytech Plant at the 
Pueblo, Colorado landfill. The Synhytech Plant, short for synthetic hydrocarbon technology, will convert the landfills' methane and 
carbon dioxide gas into clean burning diesel fuel as well as naphtha and a high grade industrial wax. 

The technology is said to be the world's first to convert landfill gases into diesel motor fuel. It was developed by FuelCo, a wholly 
owned subsidiary of Public Service Company of Colorado, and Rentech Inc. of Denver, Colorado. Fuelco is planning to invest up 
to $16 million in the project with Rentech having the option to purchase 15 percent of the plant. Ultrasystems Engineers and Con-
structors is designing and building the project. 

The plant is expected to produce 100 barrels of diesel, plus 50 barrels of naphtha and 80 barrels of high grade wax per day. It is a-
timated that the Pueblo site will sustain a 230 barrel per day production rate for about 20 years. 

Project Cost:	 $16 million 

MOSSGAS SYNFUELS PLANT - South African Central Energy Fund (5001o), Gencor (30%), and Industrial Development Corpora-
tion (IDC) (0-20) 

In 1988 the South African government approved a plan for a synthetic fuels from offshore natural gas plant to be located near the 
town of Mossel Bay off the southeast coast. Gas for the synthesis plant will be taken from an offshore platform scheduled to be 
completed in 1991. 

Detailed engineering of the onshore plant is completed and construction is scheduled for completion in mid-1991. The complex is 
expected to be in full production by mid-1992. The product slate will be liquefied petroleum gas, 93 and 97 octane gasoline, 
kerosene and diesel. 

Assuming Mossgas is given the same incentives as Sasol, the breakevcn point for the project will be reached with crude oil prices of 
$20 per barrel. 

Project Cost:	 $3.1 billion 

NEW ZEALAND SYNFUELS PLANT - Petrocorp. Mobil Oil of New Zealand Ltd. (0-30) 

The New Zealand Synthetic Fuels Corporation Limited (Synfuel) Motunui plant was the first in the world to convert natural gas to 
gasoline using Mobil's methanol-to-gasoline (MTO) process. Construction began in early 1982 and the first gallon of gasoline was 
produced in October 1985. In the first 8 months of commercial production the plant produced 448,000 tonnes of gasoline or about 
35 percent of New Zealand's total demand for that period. 

During the first two years; of operation, the Synfuel plant suffered several shutdowns in the methanol units thus causing production 
shortfalls despite reaching the one million tons of gasoline mark in 1988. A successful maintenance turnaround and several im-
provements to the MTO waste water plant have improved efficiency considerably. In 1989 the plant produced about 4,100 tonnes 
of methanol per day to be converted into about 12,700 gallons of gasoline per day. 

The plant is located on the west coast of New Zealand's North Island in Taranaki. It is supplied by the offshore Maui and Kapuni 
gas fields. The synthetic gasoline produced at the plant is blended at the Marsden Point refinery in Whangarei. 

In early 1990 Synfuel was owned 75 percent by the New Zealand government and 25 percent by Mobil Oil of New Zealand Ltd. 
However, the Petroleum Corporation of New Zealand (Petrocorp) entered an agreement with the New Zealand government later 
that year to assume its 75 percent interest in the corporation. The New Zealand government had been carrying a debt of ap-
proximately $700 million on the plant up to that point. 

SHELL MALAYSIA MIDDLE DISTILLATES SYNTIIESIS PLANT - Shell MDS (60%), Mitsubishi (20%), Petronas (1001o), Sarawak 
State Government (G-50) 

The Royal Dutch/Shell Group is building the world's first commercial plant to produce middle distillates from natural gas in 
Malaysia. The $660 million unit is being built next to the Bintulu LNG plant in the state of Sarawak. The plant will produce ap-
proximalely500,000 metric tons of products per year from 100 million cubic feet per day of natural gas feedstock. 
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The operator for the project will be Shell MDS. The main construction contract was let to JOC Corporation of Japan. Site 
preparations began in late 1989, with completion scheduled for late 1992. 

The Shell middle distillates synthesis process (SMDS) is based on modernized Fischer-Tropsch technology which reacts an inter-
mediate synthesis gas with a highly active and selective catalyst. The Shell catalyst minimizes coproduction of light hydrocarbons 
unlike classical Fischer-Tropsch catalysts. Middle distillates will be the main product, but the plant will have operating flexibility so 
that while maintaining maximum output, the composition of the product package, which will contain low molecular weight paraffin 
waxes, can be varied to match market demand. Shell will use its own gasification technology to produce the synthesis gas. 

Project Cost:	 $660 million
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