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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

Moasgas Project is Significant New Force in South Africa Synfuet 

In 1988, the South African government approved the Mossgas project for the 
production of synthetic fuels from offshore natural gas. Construction of the 
onshore plant, now 25 percent complete, is scheduled for completion in mid-
1991.	 Details of the project's operation are discussed on page 1-1, as are
project economics. 

DOE Issues Interim Report an National Energy Strategy 

In an attempt to build a national consensus for a national energy strategy, the 
United States Department of Energy held 15 public hearings across the United 
States.	 Its Interim Report Is a compilation of the comments received (see 
page 1-5). The report lists the energy issues Americans are most concerned 
about, discusses alternative fuels issues, obstacles and options, and outlines 
problems associated with coal burning as well as clean coal technologies. 

NEC Outlines 5-Year R&D Program for Liquid Transportation Fuels 

The National Research Council (NRC) conducted a consistent economic analysis 
of technologies for converting domestic feedstocks other than petroleum into 
transportation fuels. The study also evaluated environmental impacts, potential 
improvements and end use considerations in making recommendations to the 
Department of Energy for research on liquid transportation fuels as detailed on 
page 1-9. 

10CC Predicts Oil Prices to Soar by 1995 

A forecast by the Interstate Oil Compact Commission says that as early as 
1995, virtually all excess oil-producing capacity will be concentrated in Saudi 
Arabia, the United Arab Emirates, Iraq and Kuwait. Gasoline prices are pre-
dicted to rise to $1.50 or $2.00 per gallon; oil imports will exceed 70 percent 
of national consumption; and oil-tanker traffic will double. See page 1-12 for 
more information. 

CERI Sees Tightening Oil Supply, Rising Prices 

In projections released in March, the Canadian Energy Research Institute (CERI) 
sees a steady growth in oil demand combined with a gradual decline in non-
OPEC production which would tighten the supply-demand balance in the world 
oil market. GEM predicts that annual OPEC revenue could more than double 
by the year 2005 (page 1-12). In present value terms, OPEC could realize 
over $2 trillion from crude oil sales between 1990 and 2005. 
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Large Gains in Energy Efficiency said Pible by 2010 

Oak	 Ridge National	 Laboratory	 has issued	 a	 report	 which	 estimates future 
trends in end-use energy efficiency in	 the United States.	 Under two possible 
scenarios, discussed on page	 1-13, it was concluded that energy use will grow 
more	 slowly	 than	 gross	 national	 product	 even	 if	 the	 efficiencies	 of energy-
consuming equipment and energy use do not change. 

Reformed Methanol Power Generation System Under Study in Japan 

Japan's NEDO (New Energy and Industrial Technology Organization) has spent 
three years on developing a reformed methanol type of power generation sys-
tem with a gas turbine. As, explained on page 1-18, methanol and water are 
preheated and superheated in a heat recovery system, then changed into gas at 
about 3000C and supplied to a reactor. The system is expected to obtain an 
overall thermal efficiency of about 40 percent. 

Land Exchange Could Revive White River Oil Shale Project 

The	 Bureau of	 Land	 Management and	 the	 State	 of Utah are	 studying	 the 
feasibility	 of a land exchange in order to resolve a leasing problem over two 
tracts	 of	 federal	 land.	 If	 the land exchange	 does occur, the	 White	 River 
Shale	 Project could be revived and brought into production. See page 2-1 for 
details.

Unocal Shows Profit from Parachute Oil Shale Project 

The Unocal oil shale plant in Parachute, Colorado reported a profitable first 
quarter for 1990, a first since operations began in 1986. As discussed on 
page 2-1, 1989 production of synthetic crude oil at the Parachute project ex-
ceeded one million barrels for the second straight year. 

OOSI Demonstration Project Summarized 

Occidental's demonstration project at Colorado Tract C-b is now in the prelimi-
nary planning and engineering phase. The project involves Modified In Situ 
(MIS) retorting and a Circulating Fluidized Bed Combustor (CFBC) for producing 
electrical power and steam from MIS gas, oil shale and coal. The proof-of-
concept oil shale facility is estimated to cost $225 million in initial capital 
with annual operating costs of $30 million (see page 2-3). 

NaTec Process Ready for Commercial Application 

NaTec Resources, Inc. has successfully completed testing for the first commer-
cial application of its dry sodium injection process to remove acid rain pol-
lutants from flue gas. As discussed on page 2-5, NaTec is building a mine 
and processing facility to process nahcollte on leased land that is estimated to 
contain 85 million tons of nahcolite reserves. 

A-2 



Eastern Oil Shale Program to Continue at Kentucky CAZR 

The Kentucky Center for Applied Energy Research has received a new commit-
ment of funding for a three-year continuation of the KENTORT II process 
development effort at a cost of $1.9 million. The process, as explained on 
page 2-8, is a multiple, fluidized bed retorting system designed specifically to 
minimize oil yield and product recovery from eastern United States oil shales, 
while producing a spent shale amenable to environmentally safe disposal. 

Unocal Requests Aid for Oil Shale Project 

Unocal has proposed, in testimony before Congress, a three-year moratorium on 
the energy Investment tax credit offset and the tax-exempt pollution control 
bond reduction to allow the benefit from the $3 per barrel production credit 
now. Unocal's C.P. Reeg says this is necessary to allow technological progress 
under current economic conditions to more fully determine oil shale's true 
potential. See page 2-11 for details. 

WRI Study Shows Potential Feasibility for Small-Scale Shale Project 

Western Research Institute's study of 	 the economic feasibility of	 a small-scale 
western	 oil shale	 project	 Is	 discussed	 on	 page	 2-15. The study includes a 
review	 of the	 commercial	 potential	 of	 western oil	 shale	 products	 and 
byproducts, a	 review	 of	 retorting	 processes,	 an economic evaluation	 of	 a 
small-scale commercial operation,	 and a	 description of	 the environmental	 re-
quirements of such an operation. 

Shell Patents In Situ Process, Reveals Field Tests 

Beginning on page 2-20, Is a description of Shell Oil Company's patented 
process for conductively heating a subterranean oil shale to create permeability 
and subsequently produce oil. Shell's test results show that the initial imper-
meability of an oil shale deposit can be utilized as an advantage. The initial 
Impermeability confines the fluids and fractures within the established spot pat-
tern of the wells. 

Shale Oil Use as Asphalt Recycling Agent Demonstrated 

In experiments conducted by Western Research Institute, recycling agents 
derived from shale oil were prepared by distillation of shale oils that were 
produced by an inclined fluidized bed (IFB) process. Both eastern and western 
United States shale oils were tested, as discussed on page 2-26. The study 
shows that western shale oil residuum is a superior recycling agent with 
respect to the major problem of water sensitivity. Eastern shale oil residuum 
was examined as an asphalt viscosity builder. 

Research and Productivity Council Tests Two New Brunswick Oil Shales 

The Research and Productivity Council (RPC) has conducted tests on high grade 
oil	 shale	 from	 the	 Albert	 Mines Zone	 and lower grade oil shale	 from	 the 
Dolomite	 Marlstone	 Zone	 in	 New Brunswick (N.B.). The tests,	 discussed	 on
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page 2-30, concluded that N.B. oil shales can be retorted efficiently using 
RPC's pilot scale retort. After upgrading, it would be suitable feedstock for 
the production of gasoline, kerosene, jet and diesel fuels. 

Australian Shale Oil Make Acceptable FCC Blencbtock 

Southern	 Pacific	 Petroleum	 (SPP)	 has	 been	 investigating refining options	 for 
shale	 oil,	 as detailed	 on	 page	 2-33.	 Using the AOSTRA	 (Alberta	 Oil Sands 
Technology	 and	 Research	 Authority) Tacluk	 Process	 for retorting, tests	 have 
shown	 that Australian	 Tertiary	 oil	 shale	 deposits can	 be successfully 
hydrotreated using	 commercially	 available	 catalysts	 to provide high	 quality 
feeds. 

E
stonian Oil Shale Ash Finds Extensive Use as Fertilizer 

In an article for the Russian language publication Oil Shale, I.P.	 Optic says that 
the	 yearly	 utilization	 of pulverized oil shale	 ash	 in the USSR is	 nearly four 
million tons,	 90 percent of which	 is used as fertilizer	 (see page	 2-35). The 
main	 use	 for	 oil	 shale In	 Estonian	 (USSR)	 power stations is	 pulverized fuel 
combustion. 

Environmental Management Program Developed for Spent MIS Retorts 

For years Occidental Oil Shale Inc. (OOSI) has been conducting post-retorting 
experiments at the Logan Wash site In Colorado to collect environmental data 
from in situ retorts completed nearly 10 years ago. The data collected have 
been used to develop a program (described on page 2-38) for circulating water 
through spent MIS (Modified In Situ) retorts to reduce groundwater impacts to 
environmentally acceptable levels. 

Boomtowns Must Prepare for the Bust 

A book by A. Gulliford	 chronicles	 the	 social and	 cultural	 effects	 of	 the	 oil 
shale	 bust of the	 early 1980s	 in	 northwestern	 Colorado.	 As	 discussed	 on 
page	 2-43, he asserts	 that there will Indeed be another boom. 	 He says both 
boom	 and bust	 provisions should	 become	 standard	 In	 the	 local	 government 
regulations of any resource community that is not economically diverse. 

Steamflood at Bodo Showing Better Results Than Fireflood 

In	 comparing the technical and economic	 merits	 of	 the	 steam	 pilot	 to	 the 
original fireflood project, Noreen Energy Resources Limited says the steam pilot 
has out performed the	 fireflood pilot	 in	 terms	 of	 production. Recovery es-
timates of up to 45 percent	 of the pilot	 area	 oil in place are	 believed at-
tainable compared to 30 percent at the adjacent fireflood.	 A complete update 
of	 this heavy	 oil project	 near Provost,	 Alberta,	 Canada	 is summarized on 
page	 3-1.
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OSLO Struggles Ahead After Ls of Federal Funding Commitment 

In February, Canada's government announced its cancellation of federal funds 
for the OSLO project. Alberta's government has since approached government 
officials in Ontario with a proposal for Ontario to invest In OSLO. Details are 
on page 3-4. 

Oil Sands Profits Jump at Suncor 

In 1989, Suncor Inc. reported earnings of $49 million, the highest since 1984. 
Oil Sands Group produced a record annual average of 57,200 barrels per day of 
synthetic crude oil. Page 3-5 contains further information from Suncor's an-
nual report for 1989. 

Peace River Expansion Project Completes Third Year of Operation 

The Peace River Expansion Project has increased bitumen production capacity to 
1,600 cubic meters per day at the Peace River plant. As discussed on 
page 3-7, in 1987 a project was initiated to evaluate the use of a steam ad-
ditive to assist the recovery process. 

Syncrude Surpasses 200,000 BPD Production Capability 

Syncrude Canada Ltd. narrowly missed making 1989 its sixth consecutive 
record-breaking production year. Instead, annual production declined to 
54.01 million barrels of synthetic crude oil, compared with 54.9 million barrels 
in 1988.	 As discussed on page 3-9, as of March 28, 1990, plant production 
was up to 206,000 barrels per day, exceeding its stated capacity. 

Amoco Canada Tests Recovery Techniques 

Amoco Canada holds 1.3 million gross acres of oil sands leases in Alberta and 
Saskatchewan and Is engaged in a number of major projects to develop tech-
niques for commercial recovery of both crude bitumen and heavy oil. Many of 
these projects are discussed on page 3-11, along with Amoco Canada's other 
research and development activities. 

Alberta to Review Petro-Canada Oil Sands Leases 

Alberta's Energy Minister has released a background paper on the decision to 
review Petro-Canada's oil sands and heavy oil leases. As detailed on 
page 3-16, the paper identifies the reasons why both the Athena and Canadian 
governments decided, in 1988, to participate in OSLO as well as the Depart-
ment of Energy's review of oil sands lease tenure. 

ENE, Study Sees Big Growth In Synthetic Crude Oil by 2020 

Canada's Energy, Mines and Resources Department (EMR) outlines Canada's 
energy outlook in 2020 Vision, as summarized on page 3-17. The EMR study 
forecasts energy demand and supply patterns to the year 2020 and outlines 
environmental implications and concerns for the future. 
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Canadian Oil Sands Drifting Drops 

The	 Canadian	 Petroleum	 Association	 says	 overall drilling	 activity	 In 1989 
dropped	 34.7 percent	 compared to 1988	 activity. See page	 3-19	 for graphs 
and a detailed summary of Canada's oil sands drilling activities. 

Integrated Hydropyrolysis of U.S. Tar Sant said Economic at $23/BBL 

Recent work at two universities has investigated several economic and environ-
mental issues related to an integrated tar sands surface mining process for 
recovering bitumen in the western United States. As detailed on page 3-24, 
the process includes a hydrogen-production step to generate a reducing atmos-
phere in which hydrocarbons are devolatilized. 

Dredging and Cold Water Extraction Show Promise for OSLO 

The OSLO joint venture Is developing a year-round bitumen production technol-
ogy employing a winterized dredge mining operation, with hydrotransport by a 
slurry pipeline to a bitumen extraction plant employing the OSLO Cold Water 
Extraction process. A pilot plant to demonstrate commercial readiness Is 
planned for startup In 1991 or 1992. See page 3-29 for an explanation of the 
process. 

Advances Math in Borehole Hydraulic Mining 

Canadian Occidental conceptually developed a borehole mining in situ cell 
process In the early 1980s. As discussed on page 3-32, a sustained develop-
ment program for the technology began in 1983. A semi-commercial applica-
tion of borehole mining technology is planned sometime after 1993. 

AOflA Outlines International Activities 

The Athena Oil Sands Technology and Research Authority, originally created to 
aid in development of Alberta vast oil sands resources, soon became Involved 
in numerous International efforts. Beginning on page 3-37, AOSTRA's Interna-
tional activities with the United States, Venezuela, Hungary, Romania, the 
Soviet Union, Madagascar, Turkey, Jordan and China are outlined. 

Pint of Ayr Liquefaction Plant Due Ointream this Year 

A status report on British Coal's Point of Ayr gasoline and diesel from coal 
project can be found on page 4-1. A 2.5 ton per day pilot plant to test the 
Liquid Solvent Extraction (LSE) process has been constructed and is now In the 
commissioning stage. 

Great Plains Sets Record, Kicks Off Phenol Project 

In January, the Great Plains Synfuels Plant	 recorded an average daily produc-
tion	 of	 157.6	 million cubic feet	 of	 synthetic natural gas,	 a record high.	 As 
detailed on page	 4-3, $11.1 million was paid to the United States Department
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of Energy, but beginning January 1, the company retains all profits for the 
next five years. Also, construction of a 17,000-ton-per-year phenol unit is 
underway. 

Dow Syngas Passes Third Year of Operation 

Destec, Energy's Dow Syngas Project, constructed in early 1987, is the world's 
largest single-train coal gasification plant. The discussion on page 4-5 sum-
marizes the project's first three years of operation, as well as future develop-
ment plans for the plant. 

Two Ton Per Day Entrained Gasifier Accumulates 1,500 Hours in Japan 

Japan's two ton per day, entrained flow, air-blown, two-stage gasifier PDU has 
undergone 1,500 hours of tests involving 17 different coals. The project is 
described on page 4-6. The operating experience of the PDU will be used to 
guide design of the 200 ton per day pilot plant now under construction. 

Progress Reported in Shell Coal Gasification 

The Shell Coal Gasification Process (SCGP) is described in the article beginning 
on page 4-7. The SCGP technology, the result of nearly 20 years of research 
and development, has been selected by SEP for a nominal 250 megawatt in-
tegrated coal gasification combined cycle plant in the Netherlands. 

Texaco Sees Increasing Gasification Opportunities 

The Texaco Syngas Inc. gasification technology now can produce energy from 
coal in an environmentally clean and technologically superior manner. In addi-
tion, Texaco's Montebello Laboratory has shown that organic waste could be 
easily gasified. Texaco intends to use the Cool Water Coal Gasification Plant 
in the Mojave Desert to convert sewage sludge in combination with coal into 
synthesis gas to fire the gas turbines. See page 4-11. 

DOE Clean Coal Hearings Held in San Francisco and Boston 

The Clean Coal Technology Program, with 38 projects underway after three 
rounds of solicitations, is embarking on the fourth round. For a summary of 
comments received at public meetings in San Francisco and Boston, see 
page 4-13. 

GAO Surveys Utilities for Potential Use of Clean Coal Technologies 

A summary of a utility survey conducted by the United States General Account-
ing Office is on page 4-14. The survey was done to determine how utilities 
would respond to different emission reduction requirements and compliance 
dates contained in four hypothetical acid rain control scenarios. 
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Reliability of Future Combined Cycle Power Plants 

Research at Southern Company Services has addressed reliability predictions for 
combined cycle power plants. As	 discussed on page	 4-17,	 the	 data base for 
combined cycle	 units	 Is	 limited.	 However, an examination of data trends and 
a compilation of the results of 13 individual studies enabled the researchers to 
predict future performance.

Carbon Fuels Claims 37 Percent Rate of Return Possible 

A coal refining process to produce a purnpable slurry type fuel (described on 
page 4-18) is being developed by Carbon Fuels Corporation. Char-Fuels of 
Wyoming is planning a demonstration project to be located at the Dave 
Johnston Power Generation Station near Glenrock, Wyoming. 

Economic Feasibility of Coprocessing Depends on Oil and Resid Price Range 

MITRE Corporation has been conducting techno-economic evaluations of 
coprocessing technologies, viewing these as a potential transition step between 
resid upgrading and direct coal liquefaction. Beginning on page 4-20 Is a dis-
cussion of the technologies evaluated and a comparison of economic viability. 

Carbon Dioxide Studied as Gasification Agent 

The Institute of Gas Technology has conducted research to determine the tech-
nical feasibility of a process concept of pressurized CO 2 -coal gasification fol-
lowed by a high-temperature CO 2 removal step. The process is described on 
page 4-25. 

1(3CC Repowering Considered for Spanish Power Plant 

Hidroelectrica Espanola has studied a plan to convert an idle 50 megawatt 
thermal power plant to integrated gasification combined cycle (10CC) operation. 
The study, discussed on page 4-28, covered the selection of coal gasification 
technology, selection of combustion turbines, heat recovery boilers, modification 
of the existing cycle and optimization of the combined cycle, as well as 
economic parameters of the conversion. 

British Coal Studies GasificatiaiffBC Topping Cycles 

In 1988, British Coal began developing a topping cycle to Improve pressurized 
fluid bed combustion by gasifying all or part of the coal and burning this hot 
gas to drive a turbine. The development program calls for construction of a 
commercial prototype plant by the mid-1990s. A complete discussion of this 
project begins on page 4-29. 

Japanese Development Program Targets AU Aspects of Air-Blown 1(3CC 

The Japanese government is developing Integrated coal gasification combined 
cycle (10CC) power generation technologies with the target of commercialization 
at the beginning of the 21st century. See page 4-35. 
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GENERAL 

PROJECT ACTIVITIES	 Mossgas Offshore Project 

MOSSGAS PROJECT IS SIGNIFICANT NEW FORCE IN 
SOUTH AFRICA SYNFUELS 

When the production of synfuels is discussed, South Africa is 
invariably mentioned together with Sasol. Sasol ventured 
into synthetic fuels during the 1950s, and expanded its 
production capacity many times over following the energy 
crisis during the 1970s, thereby producing a significant per-
centage of South Africa's total liquid fuel consumption. Un-
til recently Sasol remained the only company in South Africa 
involved in the production of synthetic automotive fuels. 

In 1988, however, the South African government approved a 
new project, this time for the production of synthetic fuels 
from offshore natural gas. Although Sasol synthesis technol-
ogy is involved, Sasol decided not to participate in the 
project. It was Gencor, a South African mining company, 
which obtained a 30 percent option in the project. The other 
shareholders are the Central Energy Fund (with a 50 percent 
participation) and the Industrial Development Corporation 
or IDC (with a 20 percent participation). The new synfuels 
complex is known as Mossgas. The name is based on the 
town, Mossel Bay, where the onshore synthesis plant is being 
built. 

Historically Gencor was a major shareholder in an automo-
tive fuels marketing company together with two international 
oil companies. In addition to being a participant in Soekor, 
the South African oil exploration company, Gencor acquired 
interests in gas and oil exploration outside South Africa. 

Last year Gencor purchased all the South African assets of 
an international oil company consisting of a refinery, lube oil 
base stock production and blending facilities and a fuels 
marketing operation (1,500 retail stations). The company 
has a 25 percent share of the automotive fuels market in 
South Africa and including crude oil refining for third 
parties, the refinery now processes about 30 percent of South 
Africa's total crude consumption. 

Gencor is now involved in exploration, refining, and market-
ing. It was therefore decided to create a new division, Gen-
cor Energy or ENGEN. ENGEN will be the division respon-
sible for the Mossgas project. 

According to ENGEN's T. Van der Pas, the history of the 
synfuelsindustry in South Africa has clearly shown that, in 
isolation, the production of synfuels from coal cannot com-
pete with crude oil. This leaves two alternatives. To drop 
production of synfuels altogether and rely on imported crude 
oil or else to maintain a limited synfuels activity supported 
by oil refining and chemicals production. In South Africa 
the second alternative has been chosen.

The Mossgas project is located on the southeast coast of 
South Africa (Figure 1) and consists of an offshore and an 
onshore project. The gas has been found in 350 feet of 
water, 55 miles offshore and will be recovered by means of a 
fixed platform. The production platform, which consists of a 
jacket and eight prefabricated modules, is being manufac-
tured locally. Today engineering is complete and construc-
tion well advanced. The offshore installation of the platform 
is scheduled for late this year or early 1991 when weather 
conditions are most favorable. Gas and condensate are 
separated on board the platform. The dew point of the gas 
is reduced by chilling and glycol drying to a level that no con-
densation will take place in the pipeline taking the gas on-
shore. By the middle of 1991 the first gas should become 
available, and towards the end of 1991 the platform is ex-
pected to be able to operate at design capacity. 

Mossgas Onshore Project 

Detail engineering of the onshore plant is 85 percent com-
plete and construction has reached the 25 percent mark. 
Some 6,000 construction workers are currently employed on 
site and this figure will increase to approximately 8,000 by 
July. Construction completion is scheduled for the middle of 
1991 and first  production is planned towards the end of that 
year. By mid-1992 the complex is expected to be in full 
production. 

The onshore plant (Figure 2) consists of the following major 
process units: 

Natural Gas Liquid (NGL) facility 
Natural gas treatment 
Synthesis gas production consisting of: 

Two stage reforming 
CO removal 
HyJogen production 
Air separation 

Symbol synthesis plant 
Tail gas treatment 
Refining of gas condensate and synthesis products: 

Fractionation of condensate and syncrude 
Naphtha pretreating and reforming 
Alkylation including C4 isomerization 

isomerization 
Light olefin condensation plant 
Distillate hydrotrating 

To support these units, utility systems such as water treat-
ment, boiler feed water preparation, steam generation, plant 
and instrument air, cooling water etc., will be installed. In 
addition a tank farm will be constructed for the storage of in-
termediate and final products together with dispatch 
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facilities. The complex is designed to produce Liquefied 
Petroleum Gas (LPG), 93 and 97 RON gasoline, kerosene 
and diesel. Products required in the immediate vicinity of 
the complex will be dispatched by road and rail. This repre-
sents only some 15 percent of the plant's production. The 
balance will be transported by coastal tanker to other con-
sumption centers. 

Project Economics 

Like every synfuels project today, this one also suffers under 
the prevailing low oil price, says Van der Pas. ENGEN ex-
pects a very slow, but on average steady, increase in the 
crude oil price during the 1990s. 
Financing has been structured in such a way that the 
shareholders will have to provide 40 percent and the Central 
Energy Fund will provide a further 40 percent from special 
loans. The balance of 20 percent will come from commercial 
loans and apart credit. Based on a total project cost of 
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$3.1 billion, the shareholders will therefore have to invest 
$1.25 billion. 

At $15 per barrel the project will be able to pay all interest 
and capital payments on its commercial loans, while the 
breakeven point for the shareholders is reached at $20 per 
barrel. The above is based on the assumption that Mossgas 
will receive the same incentives which Sasol receives. In or-
der to become a truly viable proposition overall, crude oil 
prices will have to increase to around $22 per barrel. Alter-
natively, Mossgas will have to look at the production of 
value-added chemicals. Sasol produces products such as 
ammonia, ethylene, solvents and more recently propylene 
and polypropylene. Similarly Mossgas will have to look for

opportunities in this direction. Based on the ethane in the 
natural gas feed, some 120,000 tons of ethylene could be 
produced. In addition, sufficient propane is available in the 
gas which is now being reformed but which could be used to 
produce aromatics. 

The synfuels industry cannot exist commercially without 
some form of assistance. In South Africa the industry has 
survived by combining chemicals production with crude oil 
refining and limited government encouragement. 
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GOVERNMENT 

WATKINS NAMES NEW SECRETARIAL ADVISORY 
BOARD MEMBERS 

Secretary of Energy James D. Watkins has announced the 
membership of the newly created Secretary of Energy Ad-
visory Board (SEAB). Dr. T.E. Everhart, president of the 
California Institute of Technology, will chair the 28 member 
board. 

The broad representation of points of view and expertise 
from the private sector, non-profit groups, academia, and 
state and local government will be of great help in advising 
me on all aspects of the department's activities, said Wat-
kins. 

Some of the first issues I will ask them to consider include a 
review of our interim report on the development of a Na-
tional Energy Strategy and an analysis of ways to sustain the 
department's national laboratory complex as an intellectual 
resource for the nation, Watkins said. SEAB will report 
directly to the Secretary of Energy. 

Members are being appointed for one and two year terms 
that may be renewed. SEAB and its subgroups will have 
public meetings that will be announced in the Federal 
Re2ister. A list of the other board members follows: 

Lew Allen, Jr. 
Jet Propulsion Laboratory 

Bobby R. Brown 
Consolidation Coal Company 

George Campbell, Jr. 
National Action Council for Minorities In Engineering 
Inc. 

George W. Edwards, Jr. 
United Illuminating Company 

William L. Fisher, Bureau of Economic Geology, 
University of Texas 

Robert W. Fri 
Resources for the Future 

Edward A. Frieman 
Scripps Institution of Oceanography 

David A. Hamburg 
Carnegie Corporation of New York 

Sandy F. Kraemer, 
Kraemer and Kendall, P.C.

Todd R. La Porte 
Department of Political Science, University of 
California 

John W. Landis 
Stone and Webster Engineering Corporation 

Kenneth L. Lay 
Enron Corporation 

Joshua Lederberg 
The Rockefeller University 

Leon M. Lederman 
Fermi National Accelerator Laboratory 

Yuan T. Lee 
Department of Chemistry, University of California 

I. Harry Mandil 
MPR Associates, Inc. 

Hans M. Mark 
University of Texas 

Michael M. May 
Lawrence Livermore National Laboratory 

John P. McTague 
Ford Motor Company 

Roger G. Noll 
Department of Economics, Stanford University 

Glenn K. Otis 
Commander in Chief, United States Army, Europe 

Glenn Paulson 
Center for Hazardous Waste Management 

William A. Spratley 
Office of the Consumers' Counsel, State of Ohio 

Richard J. Stegemeier 
Unocal Corporation 

Warren M. Washington 
Climate and Global Dynamics Division, 
National Center for Atmospheric Research 

Michael Wilson 
Florida Public Service Commission 

Susan D. Wiltshire 
MC Associates, Inc 
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GENTILE IS NEW FOSSIL ENERGY ASSISTANT 
SECRETARY 

Robert H. Gentile, former director of the Interior 
Department's Office of Surface Mining Reclamation and 
Enforcement, was sworn in on February 27, 1990, as the 
Department of Energy's Assistant Secretary for Fossil 
Energy. 

In his new post, Gentile will oversee the federal 
government's programs to develop advanced coal, oil and 
natural gas technologies. Included in his new responsibilities 
will be management of the $5 billion Clean Coal Technology 
Program, the Strategic Petroleum Reserve, and the opera-
tion of the government-owned oil fields that make up the 
Naval Petroleum Reserves. 

Gentile headed the Office of Surface Mining Reclamation 
and Enforcement from March 20, 1988, to August 14, 1989. 
Prior to this, he served as Liaison for Coal Affairs to both 
the Secretary of the Interior and the Assistant Secretary for 
Land and Minerals Management. 

Gentile was a founding member of the Mining and Reclama-
tion Council, a national trade association that has since be-
come part of the National Coal Association. He has served 
on the Board of the Ohio Coal Energy Association and as a 
charter member of the National Coal Council, a private sec-
tor advisory panel to the Secretary of Energy. 

DOE ISSUES INTERIM REPORT ON NATIONAL 
ENERGY STRATEGY 

In mid-1989, President Bush directed the Secretary of 
Energy to initiate the development of a comprehensive Na-
tional Energy Strategy. The United States Department of 
Energy (DOE) began this task by opening a dialogue with 
the American people in 15 public hearings across the United 
States to build a national consensus. 

DOE has published its Interim ReDort on the development 
of the National Energy Strategy, a compilation of the com-
ments received through public hearings and submitted tes-
timony to date. DOE stresses that the report is not a first 
draft of the Strategy—it is the first step in building a national 
consensus. 

When the National Energy Strategy finally emerges, it will 
contain short-term, mid-term and long-term recommends- 
tions to the year 2030. It will recognize that the United 
States is part of an interdependent global economy and it 
will give all members of society a voice in the course of fu-
ture energy development, says DOE.

The report summarizes the issues the American people are 
most concerned about. These are: 

- The adequacy of electricity and fuel supplies; 
energy shortages 

- The health of energy industries and their ability to 
respond to energy challenges 

- Excessive dependence on oil and petroleum im-
ports 

- High prices for gasoline and home heating fuels 

- Concerns about what energy production and con-
sumption are doing to the air, water, and land, 
specffia 

- Acid rain 
- Urban air pollution 
- Oilspills 
- Safety of nuclear power plants 
- Disposal of radioactive wastes 
- Global climate change resulting from the use of 

fossil fuels 

The need to develop advanced technology to con-
vert and control energy in an environmentally 
sound way 

- The need to increase energy efficiency in every sec-
tor of energy use 

The call to increase energy efficiency is the "loudest single 
message" from the public, says the report. Energy efficiency 
is seen as a way to reduce pollution, reduce dependence on 
imports, and reduce the cost of energy. 

Alternative Fuels 

During the public hearings, witnesses expressed a strong con-
cern over the United States' increasing consumption of 
gasoline, lower domestic oil production, and higher depend-
ence on imported crude oil and oil products. 

The report says the most likely alternatives to current motor 
fuels and fuel additives include reformulated gasoline, 
methanol, ethanol, ethyl tertiary butyl ether (ETBE), 
MTBE, compressed natural gas, and electricity. Figure 1 
lists these alternative fuels, their sources, and applicability to 
propulsion systems. 

Participants at the hearings proposed more research and 
development work on fossil fuels, non-fossil-based transporta-
tion fuels, the production of ethanol, compressed natural 
gas, ETBE, MTBE, and methanol. For the longer term, 
several participants called for continued research on 
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FIGURE 1 

ALTERNATIVE FUELS, 
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hydrogen, electric vehicles, fuels from oil shale, and synthetic 
fuels from coal. 

Below is a list of some of the publicly identified obstacles:

- Some alternative-fueled vehicles have substantially 
higher initial costs than other alternative-fuel op-
tions. 

- Future transportation requirements are not clearly 
understood. 

- Data are lacking on the performance of alternative 
fuels compared with gasoline. 

- Consumers demand vehicle mobility, performance, 
and convenience—all of which require that the fuel 
to be used be available widely. The range limits of 
today's electric batteries and compressed natural 
gas technology limit the potential use of these 
energy sources. 

- Consumer acceptance will require a large new in-
frastructure to sell, service, and fuel alternative-fuel 
vehicles. The nation has a huge investment in the 
current stock of vehicles, fueling stations, and 
repair shops. 

Lack of federal support for commercializing tech-
nologies may delay the advancement of alternative 
transportation options. 

Uncertainty about the availability of alternative 
feedstocks and fuels hinders their market penetra-
tion. 

- Unsubsidized energy crops cannot compete against 
subsidized commodity crops. 

The following is a list of publicly identified options 

- Tax legislation could be used to increase prices of 
petroleum-based energy. 

- Tax legislation could be used to create or extend 
incentives to encourage new fuels. 

- Fleet operators (including governments) could be 
required to have a specified fraction of alternative-
fuel vehicles in their vehicle fleets. 

Electric vehicles could be promoted via a govern-

Because of current low oil prices, alternative fuels 
are now economically competitive only in limited 
situations. 

Scheduled (1992-93) expiration of tax exemptions 
for ethanol blended with gasoline currently makes 
it very difficult to obtain financing for new ethanol 
production facilities.

ment cost-sharing program. 

- The marketplace could determine which fuels are 
used, without a federal preference or mandate for 
the use of specific fuels or for the use of alternative 
fuels in general. 

The government could accelerate funding and in-
centives for research, technology development, and 
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commercialization for new fuels, vehicles, and the 
requisite changes in infrastructure. 

The government could conduct research to estab-
lish the performance and the environmental im-
pacts of alternative-fuel options. 

Industry and the government (DOE, Environmen-
tal Protection Agency, and the Department of 
Transportation) could develop a joint assessment 
program to produce needed analysis and data. 

- Government could develop policies based on a 
least-cost-planning framework with the objective of 
minimizing total societal costs. 

- Government could encourage the production and 
sale of alternative-fuel vehicles. 

- Government could promote aggressive public 
education campaigns on the role of alternative 
fuels. 

- The use of potential energy crops and reforestation 
on marginal lands for development of alternative-
energy sources could be promoted. 

Coal 

According to the report, more than half of the nation's 
electric power (about 55 percent) is derived from coal. Coal 
burning is accompanied by a number of atmospheric emis-
sions. The electric utility industry is the source of nearly 
two-thirds of the nation's sulfur dioxide (SO) emissions and 
is the second largest source of nitrogen oxide (NO) emis-
sions. Concerns for air pollution caused by coal com%ustion 
were addressed in the Clean Air Act of 1970 and its amend-
ments. In 1978, standards were tightened for electric 
utilities.

Since the passage of the Clean Air Act, total emissions of 
SO, have decreased, says the report. Between 1973 and 
198'l, SO2 emissions from coal-fired powerplants declined by 
10 percent, despite a 75-percent increase in coal consump-
tion. Since 1970, particulates have diminished by 83 percent, 
while NO have decreased about 7 percent. At this time, 
proposed amendments to the Clean Air Act are being 
debated in Congress. 

In addition to concerns about the impact of SO, NO and 
particulates on the environment, the public testimony indi-
cates growing concerns about the connection between car-
bon dioxide (CO.) emissions and global climate change 

Clean coal technologies (CCFs) offer a way to mitigate some 
environmental concerns associated with coal use. A number 
of CCTs are in the development or demonstration phase. 
Some are most appropriate for retrofit applications in older 
powerplants where they can be used without making major 
changes in the plant design, for example, advanced scrub-
ben, precombustion coal cleaning, and gas reburning. 

Other CC's hold the promise of improved economics in new 
plant or repowering applications. Repowering offers the op-
tion to rebuild an older facility while increasing capacity and 
avoiding problems associated with obtaining new sites, for 
example, pressurized fluidized bed combined cycle, in-
tegrated gasification combined cycle, and utility-scale fuel 
cells. 

According to the report, current technologies can improve 
efficiency by up to nine percent. Technologies that may be 
available between 2000 and 2010 have efficiency improve-
ments of about 20 to 27 percent. The most advanced tech-
nologies are expected to be available between 2005 and 2020 
and could have efficiency improvements of 50 to 67 percent 
(see Figure 2, next page). 
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RELATIVE IMPROVEMENT IN EFFICIENCIES 
FOR VARIOUS CLEAN COAL TECHNOLOGIES 
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ENERGY POLICY & FORECASTS 

NRC OUTLINES 5-YEAR R&D PROGRAM FOR LIQUID 
TRANSPORTATION FUELS 

The National Research Council (NRC) addresses the 
problem of producing liquid transportation fuels from domes-
tic resources in Fuels IQ Drive Our Future, published in 
April. In 1988 Congress expressed concern about increasing 
United States dependence on imported petroleum and the 
expected predominance of petroleum-based liquid transporta-
tion fuels for the foreseeable future; This study outlines for 
the United States Department of Energy (DOE) a broad 
five-year research and development (R&D) program aimed 
at producing liquid transportation fuels from United States 
energy resources. 

The key (actors NRC considered in developing recommenda-
tions for the DOE were: projected production costs, environ-
mental impact, technical maturity, potential improvements, 
timing of commercialization, levels of industrial R&D, and 
end use considerations. 

Cost Estimates for the Various Technologies 

The committee conducted a consistent economic analysis of 
technologies for converting domestic feedstocks other than 
petroleum (coal, oil shale, tar sands, natural gas, and 
biomass) into transportation fuels (gasoline, diesel, aviation, 
alcohols, compressed natural gas). The entire fuel cycle was 
considered, and alternative transportation fuels were com-
pared to gasoline on a cost per barrel of oil equivalent. 

For endogenous price determination, crude oil price was not 
an input to the analysis but was calculated as the price that 
would make the specific process and fuel just competitive. 
That is, the crude oil price was chosen such that the calcu-
lated cost per equivalent oil barrel was exactly equal to the 
crude oil price; no profits would be earned above the normal 
cost of capital or discount rate. 

Figure 1 shows the costs of various alternative fuels, based 
on a 10 percent discount rate and endogenous determination 
of energy prices. According to the study, current commercial 
technologies include natural gas used as feedstock to 
produce methanol (NO > Methanol), natural gas converted 
through a methanol-to-gasoline process (NO, MTG), com-
pressed natural gas (Compressed NO) used directly in 
automobiles, and corn distilled into ethanol (Corn > 
Ethanol). Technologies successfully demonstrated on a com-
mercial scale but not yet commercialized include coal used as 
a methanol feedstock (Coal > Methanol), wood used as a 
methanol feedstock (Wood > Methanol), and indirect coal 
liquefaction in a methanol-to-gasoline process (Coal, MTCI).
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Technologies not yet demonstrated on a commercial scale 
include underground coal gasification producing methanol 
(UCG > Methanol), the Shell Middle Distillate Synthesis 
process (Shell MDS), pyrolysis of oil shale (Oil Shale), 
pyrolysis of tar sands (Far Sands, Pyrolysis), solvent extrac-
tion of tar sands (Far Sands, Extraction), and direct liquefac-
tion of coal (Direct Liquefaction). 

At a 10 percent discount rate, estimated costs range from 
$25 per barrel to above $70 per barrel, with most exceeding 
$40 per barrel. Methanol produced from domestic natural 
gas or underground coal gasification, hydrocarbon fuels from 
oil shale conversion, and pyrolysis of tar sands have es-
timated costs between $40 and $50 per barrel. 

Production of methanol from coal and wood is of special in-
terest since both raw materials are potentially major domes-
tic methanol sources. The endogenous energy prices for coal 
and wood were estimated to be $53 per barrel and $70 per 
barrel, respectively. 

Major costs incurred in producing fuel from alternative 
energy resources include those for capital, feedstock, and 
operating and maintenance (O&M) (Figure 2). The in-
cremental cost of purchasing a methanol- or CNG-fueled 
vehicle, spread over the life of the vehicle, was included in 
the oil equivalent cost. For most of the technologies,

- 
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feedstock and capital costs are the two largest cost 
categories. As the figure shows, byproduct credits are small 
except for the production of ethanol from corn. 

The study aggregated two components—one negative and 
one positive—into a component covering refining, marketing, 
and distribution. The negative component is the historical 
spread between refined gasoline price and the crude oil 
price. The positive cost component is the co g of marketing 
and distributing ethanol and methanol, net of the equivalent 
cost of marketing and distributing gasoline. 

Figure 3 provides cost data similar to the data in Figure 1 for 
both 10 and 15 percent real discount rates. This graph shows 
that the costs of these capital-intensive technologies are very 
sensitive to the cost of capital. The greatest sensitivity oc-
curs for those technologies that require the largest per-barrel 
investment cost. 

The study concludes that all combinations of resources and 
conversion technologies considered are more costly than con-
vening domestic petroleum, at current world prices, into 
gasoline and diesel fuel. R&D activities could significantly 
reduce the overall costs so that the various technologies 
could become economically viable at some point in the fu-
ture.

Environmental Impact 

Environmental considerations are also extremely important. 
Air and water quality can generally be controlled; the cost is 
dependent on the degree of cleanup required, the study says. 
If policies are implemented to restrict emissions of 
greenhouse gases, R&D will be needed to address this 
problem. Use of biomass (not using fossil fuel for its produc-
tion and annually grown) as a feedstock would result in 
lower CO2 emissions than coal combustion and liquefaction. 
Improvements could also come from developing nonfossil 
sources for the process heat used in processes such as the 
direct liquefaction of coal. 

Alternative fuels, such as methanol or compressed natural 
gas, may lead to ozone reductions relative to gasoline; 
however, the study says, the environmental effects of 
methanol, compressed natural gas, and hydrogen are uncer-
tain. Environmentally driven constraints on fuel composi-
tion could have an important influence on the choice of con-
version process and related R&D programs. 

Recommendations 

The study used four criteria in suggesting research areas in 
liquid transportation fuels for the DOE program. They are: 
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1980	 1990	 2000	 2010 

the possible timing of commercial application, potential size 
of the resource and application, potential for cost reduction 
and acceptable environmental impact, and the need for 
DOE participation, based on the extent of private sector in-
volvement. The study also recommended three levels of 
funding: major, medium and modest funding.

price/imports projections, and the Wharton 
imports/dependence figures, all the forecasts are within a 
narrow range of agreement. 

FIGURE 1 

The resource areas the study recommends for major funding 
are domestic oil and gas, coal, and oil shale resources. 
Significant additions can be made to United States oil 

reserves with development of advanced recovery tech-
nologies and greater understanding of complex reservoirs? 
The study recommends pilot plant and engineering studies 
for coal liquefaction, an expansion of the western oil shale 
program, and studies to develop a better understanding of 
the environmental and end use impacts of alternative fuels 
such as methanol. 

Areas the study recommends for moderate funding are coal-
oil coprocessing; tar sands; petroleum residuum, heavy oil, 
and tar conversion processes; biomass utilization; and coal 
pyrolysis. Biomass to produce liquid fuels is of continuing 
interest, says the study, because it can result in less net 
release of greenhouse gases than fossil fuels contribute. 

A modest funding level was recommended for processes for 
producing methanol, methanol-derived fuels, or Fischer-
Tropsch liquids from synthesis gas; direct methane conver-
sion; and eastern oil shale.

tnt 

RECENT ENERGY FORECASTS COMPARED 

Michael Koleda of the Council on Alternate Fuels gave a 
luncheon address at the Twenty-Third Oil Shale Symposium 
held in Golden, Colorado in May in which he reviewed 
various forecasts for United States energy demand. 

He noted that most forecasters agree that the United States 
bill for oil imports will at least triple (in constant dollars) by 
the year 2010. However, an important point is that the effect 
will be smaller in terms of percentage of gross national 
product (GNP). As seen in Figure 1, the cost as a percent-
age of GNP is expected to slightly more than double, but still 
will be far less than the percentage which imported oil repre-
sented in 1980. 

Koleda told the audience that energy demand will increase 
and prices will rise in almost every scenario. Comparisons 
from the United States Energy Information Agency (EIA) 
are shown in Figure 2 for forecasts published by EIA, Data 
Resources, Inc. (DRI), the Wharton group (WEFA), the 
Gas Research Institute (Gifi) and the American Gas As-
sociation (AGA). With the exception of the AGA oil

COST OF IMPORTED OIL 
AS PERCENT OF GNP 

FIGURE 2 

COMPARISON OF
RECENT ENERGY FORECASTS

FOR THE YEAR 2010 
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10CC PREDICFS OIL PRICES TO SOAR BY 1995 

Oil prices will "escalate significantly" by 1995 as a result of 
OPEC dominance of world oil production, the executive 
director of the Interstate Oil Compact Commission (10CC) 
forecast in April. 

OPEC's strategy is to maintain current oil prices low enough 
to discourage the United States from increasing exploration 
and production or developing alternative fuels, said 
W.T. Dowd.

abandonments, buy time for development and implementa-
tion of reasonable and realistic environmental and energy 
strategies and produce as much as 100 billion barrels of in-
cremental domestic oil reserves. 

"Over the longer term, we can perhaps develop the know-
how and the technology to recover even more of the 
300 billion barrels of remaining domestic oil resources," he 
concluded. 

The result will be a United States oil industry that is so 
weakened that OPEC can then escalate prices, he said at a 
Tulsa, Oklahoma symposium sponsored by the United States 
Department of Energy and the Society of Petroleum En-
gineers. 

As early as 1995, virtually all excess oil-producing capacity 
will be concentrated in Saudi Arabia, the United Arab 
Emirates, Iraq and Kuwait, Dowd said. 

"Rising demand in developing countries, reduced production 
in mature provinces and the failure of developed Western 
economies to conserve energy or develop alternate fuels will 
create markets for a significant portion of OPEC's excess 
capacity," he said. At the same time, increasing economic, 
political and cultural pressures in the OPEC countries will 
require them to demand higher prices for theft oil. 

"By 1995, we will no longer have the capital equipment and 
hardware to respond to higher prices," Dowd forecast. 
"Stacked rigs will have been sold for scrap by then." The 
human capital in America's oil industry will be gone, too, he 
said. Many geologists and engineers have found other 
careers, and young men and women "no longer recognize 
petroleum as a secure lifetime career." 

He cited a United States Department of Energy report that 
predicts that by the year 2000, up to 70 percent of the 
nation's remaining oil resources will have been abandoned. 

The economic and political impact of the predicted oil in-
creases will be "enormous," Dowd said. He cited gasoline 
prices rising to $1.50 or $2.00 per gallon and the government 
unable to control it, oil imports exceeding 70 percent of na-
tional consumption and oil-tanker traffic doubling in the 
"decade of the environment." 

Dowd applauded the Department of Energy's new plan for 
oil research, and he called for state and federal economic in-
centives and policies. 

"In the near term, improved technology, expanded under-
standing of reservoir geosciences and reduced cost for 
enhanced oil recovery and secondary recovery processes can 
help," Dowd said. These actions will "slow the rate of well

CERI SEES TIGHTENING OIL SUPPLY, RISING PRICES 

The Canadian Energy Research Institute (CERI) in March 
released CERI Study No. 34, World 21! Market Prolections: 
1990-2005. 

The recent strength in world oil prices has led many analysts 
to project a rising oil price trend through the 1990s; some are 
calling for a third oil price "shock" by 1995. Is such a trend 
supported by world oil market fundamentals? Can OPEC 
afford another oil price shock? How may key uncertainties—
environmental legislation, developments in eastern Europe 
and the Soviet Union—impact on the evolution of the world 
oil market? The CER.I study addresses these and other criti-
cal issues. 

The projections provided in the study suggest that the 
fragility of oil prices will dissipate as we move through the 
1990s. This in turn should reverse the unusual conservatism 
in oil sector exploration and development activity ex-
perienced in the late 1980s. 

Slow but steady oil demand growth combined with a gradual 
decline in non-OPEC production should serve to tighten the 
supply-demand balance in the world oil market. With the 
current surplus capacity worked off by the mid-1990s, the 
market would be poised for real price and/or OPEC produc-
tion gains, the latter being increasingly concentrated in the 
Persian Gulf OPEC countries (Saudi Arabia, Iraq, Iran, 
Kuwait and possibly the United Arab Emirates and Qatar). 

The reference case price trajectory (see Figure 1) shows an 
increase in crude oil prices to $23.40 per barrel (US$1989, 
West Texas Intermediate), in 1995, $26.10 per barrel in 2000 
and $29.20 per barrel in 2005. World oil demand is 
projected to increase to 74.5 million barrels per day by 2000 
and 78.7 million barrels per day by 2005, versus a 1990 level 
of 67.0 million barrels per day. Non-OPEC oil liquids supply 
(excluding centrally planned economies) peaks at 
26.0 million barrels per day in 1993 and declines to under 
21.0 million barrels per day by 2005. 
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According to CERI, the reference case price projection rep-
resents a 'best-case" scenario for all market players. For 
OPEC, the price-production profile allows for near-term 
revenue growth through output quota gains and long-term 
revenue growth through both price and production gains. 
Annual OPEC oil revenue more than doubles over the 
forecast period, from $160 billion in 1990 to $368 billion in 
2005 (constant US$1989). In present value terms, OPEC 
would realize over $2 trillion from crude oil sales over the 
forecast period; this revenue profile is equivalent or superior 
to those generated in the alternative market scenarios ex-
amined, reinforcing the strategic importance to OPEC of a 
sustained, gradual price-production growth strategy. 

For non-OPEC producers, the real price gains through the 
1990s are sufficient to justify development of existing estab-
lished reserves and exploration activity directed to the more 
promising prospects and plays. By the end of the forecast 
period, prices exceed levels necessary for development of 
frontier and nonconventional crude oil sources. 

For oil consumers, real oil price increases of 2.0 to 
3.5 percent per year do not constitute an important cost-push 
element to general price inflation. The projected price gains 
are generally below those forecast for other energy com-
modities (particularly natural gas and electricity) in the in-
dustrialized countries. Indeed, CERI says we could expect 
to see government actions in the industrialized countries 
designed to stem an increase in oil product consumption and 
oil share in total energy demand. 

Alternative Scenario 

An alternative scenario, to which CERI assigns equal proba-
bility relative to the reference case, concerns the likelihood

of higher-than-expected non-OPEC oil resource potential, 
due to either 

- Greater success in finding undiscovered reserves, 
due to advanced seismic and geological techniques; 
or 

Rapid. development of cost-effective enhanced oil 
recovery techniques allowing the production of a 
share of the 50-60 percent of original oil-in-place 
remaining after exhaustion of conventional 
recovery techniques. 

The high non-OPEC resource scenario yields lower crude oil 
prices over a longer period of time than under the reference 
case projection (Figure 1). The price trajectory clearly ex-
acerbates the divisions within OPEC regarding pricing and 
production strategies. The risk of a second crude oil price 
collapse, premised on impatience within OPEC over real 
price gains and a resulting production free-for-all, is much 
greater than under the reference case, as is the probability of 
a collapse in OPEC down to a smaller group of nations 
characterized by large crude oil reserves and the ability to 
achieve and maintain high production volumes. 

The world oil price range provided by these two scenarios—
$22.00 to $26.10 in 2000 and $23.50 to $29.20 per barrel in 
2005—represents a realistic planning range for long-term oil 
industry investment and energy policy formation, says CERI. 

LARGE GAINS IN ENERGY EFFICIENCY SAID 
POSSIBLE BY 2010 

The United States has made remarkable progress in efficient 
energy use since the 1973 oil crisis. In 15 years energy use 
increased only 8 percent, while gross national product in-
creased 46 percent. Thus we are now using 26 percent less 
energy to produce one dollar's worth of goods and services. 
Some of this reduction came from structural changes in the 
economy, but most of it resulted from increases in energy ef-
ficiency. 

An important question is the extent to which these trends in 
energy efficiency are likely to continue, and the factors that 
will influence them. 

A review of these questions was undertaken by the staffs of 
live national laboratories during the summer of 1989. This 
was done at the request of the Office of Policy, Planning and 
Ahalysis in the Department of Energy. The purpose was to 
provide background information needed by the department 
in formulating a new national energy strategy. 
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ables and no change in energy policy. This scenario implies 
a 12 percent improvement in energy efficiency compared to 
frozen efficiency. 

A report has been issued by Oak Ridge National Laboratory 
(ORNL). 

Two scenarios were studied. In the first, ORNL estimated 
likely future trends in end-use energy efficiency, given an as-
sumed course of events in population growth, economic 
growth, and fuel prices. This scenario is entitled "Where We 
Are Headed." In the second scenario, they estimated the 
larger gains that might be obtained if advantage were to be 
taken of efficient, cost-effective technologies in new installa-
tions and replacements. Energy consumption in these two 
scenarios was then compared with the energy consumption 
that would result from "frozen efficiencies" in the various 
end uses. 

The curve of frozen energy efficiencies, which reaches 
115 quadrillion BTU (OBTU) in 2010, is ORNL's estimate 
of the rate at which United States energy demand would 
grow if there were no changes in the existing stock of equip-
ment and structures, and no changes in energy use. It should 
be noted that most energy-intensive activities are growing 
less rapidly than other sectors of the economy. Hence 
energy use will grow more slowly than gross national product 
even if the efficiencies of energy-consuming equipment and 
energy use do not change. 

In Figure 1 the curve of "Where We Are Headed," reaching 
102 QBTU in 2010, is the ORNL projection of what is likely 
to happen, given the assumed fuel prices and economic van-
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The curve of "Cost-Effective Efficiency," reaching only 
88 OBTU, is the ORNL estimate of the end-use energy ef-
ficiency that could be economically achieved by 2010, given 
the same price and economic assumptions as in the previous 
scenario. For the computation they assumed a real discount 
rate of 7 percent. 

Efficiencies considerably greater than in either of the two 
scenarios are technically feasible through the use of tech-
nologies with higher first cost than those considered. It is of-
ten argued that the use of such technologies is warranted by 
the national security implications of increasing oil imports 
and by the environmental impacts of increasing fossil fuel 
use. 

Transportation 

Many technological options now introduced in at least part 
of the new vehicle market can be used to improve future fuel 
efficiency. These technologies include overhead camshafts, 
roller cam followers, friction-reducing cylinder materials, 
ceramics to reduce heat rejection, compression ratio in-
creases through more sophisticated electronic controls and 
better combustion chamber design, multi-point fuel injec-
tion, more valves per cylinder, turbocharging, supercharging, 
intercooling, electronic transmission control, four- and five-
speed automatic transmissions, torque converter lock-ups, 
continuously variable transmissions, front-wheel drive, better 
aerodynamics, and improved accessory designs. Excluding 
weight reduction, estimates are that a 32 percent fuel 
economy gain could be obtained by increasing the penetra-
tion of technologies which are now in less than 50 percent of 
new cars. 

Table 1 summarizes the results of the Cost-Effective Ef-
ficiency scenario for the transportation sector. The ORNL 
assumptions lead to a Cost-Effective Efficiency scenario in 
which automobile and light truck fuel economy rise 10.9 and 
6.6 mpg higher by 2010 than in the "Where We Are Headed" 
scenario. The energy consumption of light-duty personal 
vehicles declines steadily, even in the 1990s. 

Conclusions 

Principal conclusions from the study are the following: 

Substantial improvements in energy efficiency 
(about 12 percent) will occur by 2010 through the 
operation of market forces if fuel prices rise as 
projected. 

Substantial additional improvements in energy ef-
ficiency (an addition 14 percent) would be cost-
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TABLE 1 

COST-EFFECTIVE EFFICIENCY IN TRANSPORTATION ENERGY 

15	 1990 2010 

Energy Consumption (QBTU) 

Personal Travel 9.2 9.9 7.8 6.8 
Freight 6.2 6.9 7.4 8.6 
Air Travel 1.7 1.9 2.0 2.1 
Other Transportation 12 12 2.8 U 

Total 20.1 21.7 20.0 20.2 

Energy Efficiency 

Automobile (including fleet 
autos) (mpg) 18.2 19.4 28.6 373 

Personal Light Trucks (mpg) 14.5 15.5 20.8 263 
Freight (ton-miles/kBTU) 0.68 0.68 0.76 0.81 
Air Travel (passenger-miles/kBTU) 0.16 0.18 0.24 031

effective but will not occur without extensive policy 
changes. 

Additional potential for efficiency improvements 
beyond 2010 is very large, but much of it will not be 
realized without concerted research and develop-
ment efforts by government and industry. 

NATIONAL COAL COUNCIL MAKES WIDE RANGING 
RECOMMENDATIONS FOR NATIONAL ENERGY 
STRATEGY 

The National Coal Council, an advisory body to the 
Secretary of Energy, has been working on a study called 
National Energy Strategy, The Role of Coal? The final 

report is scheduled for release by the Council to the 
Secretary of Energy in June. An interim draft of the report 
makes the following recommendations. 

The National Energy Strategy must acknowledge the impor-
tance of coal In the nation's energy and economic future. 
Coal must be a cornerstone of the National Energy Strategy. 
America's coal reserves constitute almost 90 percent of its 
proven native fossil fuel energy reserve. For this reason 
alone coal is an economic and a strategic energy resource.

Calls for the unilateral curtailment of coal use in the United 
States must be countered by effective Department of Energy 
public information programs. 

The Secretary of Energy should expedite the completion 
and deployment of selected Clean Coal Technology (CCI) 
projects. In the future he should direct the program toward 
new technologies which promise to yield higher energy con-
version efficiencies and lower environmental impacts. 
Clean coal technologies are essential to the future of coal in 
the United States and in the worldwide energy market. 
Among the mechanisms the Secretary should employ are: 
(1) establishment of legal precedent to allow for modern-
ization of existing electric generation capacity and industrial 
steam boilers such that new source performance standards 
are not immediately triggered; (2) encourage reliance upon 
indigenous energy resources to limit imports of energy to ac-
ceptable levels; (3) encourage public utility commissions to 
extend fuel choice horizons beyond their current levels; and 
(4) minimize disincentives to the use of clean coal tech-
nologies imposed by future Clean Air Act requirements. 

The Secretary of Energy should participate in International 
scientific studies of environmental issues relating to energy 
use. The United States Department of energy must be ac-
tively involved in the international Panel on Climate Change 
(FCC) and other national and international bodies con-
cerned with global environmental issues to assure that suffi-
cient scientific justification is available for any energy policy

- 
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initiative. Current scientific evidence is contradictory regard-
ing global climate changes. Unilateral action by the United 
States to limit specific emissions, such as carbon dioxide, 
would severely impact the nation's economy and national 
security. The Secretary must work toward assuring that 
global environmental issues are fully explored and dealt with 
equitably by all nations. 

The National Energy Strategy should call for national and 
International policies which foster improved energy ef-
ficiencies. Enlightened leaders worldwide should be en-
couraged and supported in their efforts to foster and 
promote energy efficiency improvements. Specifically, lesser 
developed nations should be supported in the efficient 
development and use of theft indigenous energy resources. 

The Secretary or Energy should develop a program by which 
the economic risks associated with large-scale facilities 
based on coal can be mitigated. New technologies will per-
mit coal's contribution to be extended and its current posi-
tion to be reinforced. The Secretary of Energy is therefore 
encouraged to seek mechanisms, such as tax credits, ac-
celerated capital depreciation, "first-of-a-kind' risk protec-
tion relative to costs imposed by accelerated environmental 
compliance schedules, etc., by which the risks of commercial 
deployment can be made more acceptable so that the array 
of newly developed technologies is available when required. 

The National Energy Strategy should promote development 
and demonstration of coal-derived liquids and gas tech-
nologies. Technologies to convert coal to liquids and gases 
must be at the core of the nation's energy strategy in order

to (1) cap the upper limits on imported oil and gas prices, 
and (2) create the potential to increase domestic supplies of 
liquid and gaseous fuels as much as may be necessary to 
meet national demand and protect our economic and na-
tional security. 

The National Energy Strategy should facilitate the efficient 
utilization or the existing coal transportation infrastruc-
ture, and provide federal eminent domain powers to secure 
rights-of-way for the transport or coal. Mechanisms to 
resolve rights-of-way issues will enhance the efficient develop-
ment of domestic coal resources and the deployment of in-
novative transport technologies such as coal slurry pipelines. 
Additionally, coordination of the Department of Energy's ef-
forts to develop a National Energy Strategy with the current 
efforts of the Department of Transportation to develop a 
National Transportation Strategy will further assure that the 
needs of each sector will be addressed completely and effi-
ciently. 

The Secretary of Energy should expedite the development 
and deployment of a comprehensive worldwide energy 
forecast modeling capability. It is essential that the Na-
tional Energy Strategy be flexible and reflect a variety of 
energy use, environmental and economic growth scenarios. 
To do this, improved modeling capabilities must be available 
so that future uncertainties can be addressed efficiently and 
in a timely manner.

#1## 
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TECHNOLOGY The invention is based on a discovery that a low value 
process stream containing a high concentration of fused two-
ring aromatics can be subjected to the above treatment and 

EXXON PATENTS PROCESS FOR HIGH DENSITY JET 	 saturate the fused two-ring aromatics at high selectivity to 
FUEL FROM HEAVY FEEDSTOCKS	 naphthenes, without any significant conversion thereof to 

lower molecular weight hydrocarbons. 
United States Patent Number 4,875,992 issued to 
G.P. Hamner and assigned to Exxon Research and Engineer-
ing Company is a "Process for the Production of High Den-
sity Jet Fuel -From Fused Multi-Ring Aromatics and 
Hydroaromatics." Suggested feedstocks are light cat cycle 
oil, furnace oils, coal liquids, tar sands liquids, shale oil U-
quids, and the like. 

Hydrocarbons which contain two or more fused aromatic or 
hydroaromatic rings, are found in mid-distillate fuel fractions 
produced in the refining of petroleum, or in analogous syn-
thetic fuel fractions which are obtained from coal liquids, tar 
sands, shale oils and like materials. These compounds must 
be substantially excluded from motor gasoline inasmuch as 
they produce carbonaceous deposits in internal combustion 
engines. In burning, the fused multi-ring aromatics are 
directly converted to carbon, and fused multi-ring 
hydroaromatics are first dehydrogenated and then converted 
to carbon—the same end result. The latter reaction is par-
ticularly favored at high temperatures such as prevails in in-
ternal combustion engines. 

The Hamner invention is a process wherein a feed of fused 
two-ring aromatic hydrocarbons or fused two-ring 
hydroaromatic hydrocarbons, or both, containing organic sul-
fur or organic nitrogen, or both, is contacted with hydrogen 
over a catalyst which contains one or more of a Group VIE 
or Group VIII metal or compound(s) thereof, at conditions 
sufficient to hydrodesulfurize and hydrodenitrogenate the 
feed. The product is then contacted as a feed with a 
fluorided platinum-on-alumina catalyst at conditions suffi-
cient to hydrogenate the fused two-ring aromatic hydrocar-
bons, or fused two-ring hydrogenated aromatic hydrocarbons 
(to the extent they are unsaturated), or both, to naphthenes. 
The hydrogenated product is then distilled to produce a high 
density jet fuel.

A feed containing 60 percent and greater fused two-ring 
aromatic hydrocarbons, and boiling at 400°F to about 650°F, 
can be hydrotreated over a Group VIB and/or Group VIII 
metal catalyst at low severity in a first stage to remove the 
sulfur and nitrogen. 

The liquid product from the first stage hydrotreater, after 
the separation of hydrogen sulfide or ammonia, or both, 
therefrom is then contacted, with hydrogen, in a second 
stage reactor over a fluorided Group VIII metal-on-alumina 
catalyst at low severity conditions sufficient to selectively 
hydrogenate the aromatics and hydroaromatics to produce 
naphthenes without significant conversion of the feed to 
lower boiling or lower molecular weight hydrocarbons. The 
density and BTU content of the fuel, per gallon of feed 
volume are lowered when aromatics are convened to naph-
thenes, but nonetheless remain quite high as contrasted with 
the density and BTU values of paraffinic fuels obtained from 
conventional sources, such as hydrocracking which forms 
paraffins by cleavage of aromatic carbon-carbon bonds. 

The fluoride in the catalyst used to hydrogenate the aromatic 
hydrocarbons is substantially in the form of aluminum 
fluoride hydroxide hydrate. The Group VIII metal, 
preferably platinum, can be incorporated with the alumina in 
any suitable manner, such as by coprecipitation or co-
gellation with the alumina support, or by ion exchange with 
the alumina support. Distribution of the fluoride on the 
catalyst is achieved by , a single contact of the precalcined 
Group VIII metal, e.g., platinum, alumina composite with a 
solution which contains the fluoride in sufficiently high con-
centration.

##fl 

SYNI1IEI1C FUELS REPORT, JUNE 1990 
1-17.



INTERNATIONAL 

REFORMED METHANOL POWER GENERATION 
SYSTEM UNDER STUDY IN JAPAN 

The Japanese New Energy and Industrial Technology Or-
ganization (NEDO) is making efforts to develop a reformed 
methanol type of power generation system with a gas turbine 
in order to improve the efficiency. In this system, it is ex-
pected to obtain an overall thermal efficiency of about 
40 percent. 

Figure 1 shows an overall power generation system utilizing 
methanol reforming-water injection-regenerative cycle, as 
described by K. Itou of Chugoku Electric Power at the Gen-
Upgrade 90 conference in March. Methanol and water are 
preheated and superheated in a heat recovery system, then 
changed into gas at about 3000C and supplied to a reactor. 

The heat required for steam reforming of methanol is sup-
plied to the reactor by a thermal medium heat exchanger. 

As the reforming reaction progresses while methanol gas and 
steam are passing through catalyst layers in the reactor, these 
are changed into "reformed gas" of which the main content is 
hydrogen. This reaction is endothermic. Combustion air is 
boosted by a compressor, and passes through an air 
preheater (generator) joining with a part of the superheated 

FIGURE 1 
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steam. The air and steam are heated up to about 4000C by 
the regenerator with the exhaust gas from the turbine, then 
enter the combustor where the "reformed gas" is burned. 

The high-temperature and high-pressure combustion gas gen-
erates power to revolve a generator and a compressor when 
it passes through the gas turbine. The temperature of the 
exhaust gas at the gas turbine outlet is about 500°C, and it is 
released into the atmosphere at a temperature of about 
1800C after heat-exchange in the heat recovery system. 

Important characteristics of this reformed methanol power 
generation system are as follows: 

This system can increase thermal efficiency by 
about 10 percent compared with the simple cycle 
gas turbine, because the exhaust heat from the gas 
turbine is used for evaporation and reforming of 
methanol, evaporation and superheating of water 
and preheating of combustion air, etc. 

Methanol is clean, so that there is no dust or SO 
in its exhaust gas. The generation of NO could be 
much less than that of existing gas turbines. 

Because this system does not have steam turbines, 
cooling water for the steam condenser is not neces-
sary. Therefore, the application of this system 
would be possible in inland areas without large 
rivers or lakes. 

Research and development of this system was started with a 
three-year elemental research program beginning in 1985 in 
Japan, and original expectations have mostly been obtained. 
A plan for "a demonstration test on reformed methanol gas-
type power generation system" was started by the Natural 
Resources and Energy Agency of the Ministry of Interna-
tional Trade and Industry in 1988. This program will con-
struct a demonstration plant in the 1,000 kilowatt class and 
the following subjects willbe studied. 

System verification of the results of the elemental 
research program 

Confirmation of performance and reliability of the 
total system 

Extraction of technology for practical application 

The demonstration plant is scheduled for completion of con-
struction by the end of 1990. A two-year demonstration and 
evaluation plan will follow in 1991 and 1992. 
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CSIRO ALTERNATIVE FUELS RESEARCH SHIFTS 	 carbon monoxide. This is then convened to liquid fuels by 
EMPHASIS	 the Fischer-Tropsch process. Conventionally, fixed or 

fluidized bed reactors are used in this process. 
Australia's Commonwealth Scientific and Industrial 
Research Organization (CSIRO) notes in its annual report 
that while indigenous oil currently meets over 80 percent of 
Australia's oil demand, this level of self-sufficiency is likely 
to fall to 30 percent by the year 2000. This could lead to 
major expenditure on imported oil ($3-5 billion per year), 
with adverse affects on Australia's balance of payments and 
government revenue. 

CSIRO's research strategy is based on the scenario that 
energy conservation, improved efficiency and some substitu-
tion by other fuels can delay this situation. In the medium to 
long term, however, alternative liquid and gaseous fuels will 
be necessary and it is imperative that economic processes be 
developed. 

A major decision in 1989 was to increase research efforts in 
the use of natural gas as a transport fuel. The Division of 
Fuel Technology now has two projects concerned with con-
verting natural gas to liquid fuels. To accommodate this 
shift in emphasis the coal conversion program has been ter-
minated. 

Research is continuing to produce transport fuel from 
Australian oil shales. A new bench-scale rig, which in-
tegrates the retorting and combustion processes, will provide 
data to model future commercial plants. 

The division also plans to expand its research into other fuel 
areas, notably the production of advanced jet fuels, novel 
processes for methanol production and enhanced oil 
recovery. Initial projects are underway or planned in these 
areas, with external funding acquired or promised. 

Direct Conversion of Natural Gas 

The Division of Fuel Technology is coordinating a large 
research program on the development of a new route for the 
conversion of natural gas to liquid fuels. If successful, this 
process could be substantially cheaper than conventional 
technologies such as the Mobil and Fischer-Tropsch 
processes. This work is being done in cooperation with BHP 
Company Ltd. 

The process involves the reaction of natural gas with oxygen 
over catalysts to produce ethylene. The success of the reac-
tion depends on finding suitable catalysts and controlling 
their selectivity for the formation of the higher hydrocarbon 
products. 

Indirect Conversion of Natural Gas 

In some existing conversion plants, methane is reformed with 
steam to produce synthesis gas, a mixture of hydrogen and

CSIRO has investigated a three-phase (slurry) reactor as an 
alternative for the Fischer-Tropsch process. In the slurry 
reactor a fine catalyst is suspended in a gas and liquid mix-
ture, the liquid helping heat exchange. Results show that 
these reactors are superior to the fixed and fluidized bed 
reactors. They allow a more flexible operation, with greater 
tolerance of the composition of the feedstock and more con-
trol over the final product. 

The present goal is to test several catalysts to maximize the 
yields of liquid products from the Fischer-Tropsch process, 
particularly in the petrol/diesel/jet fuel range. 

Drying of Oil Shale 

Before oil shale can be fed into a retort it must be dried. 
The Queensland Tertiary oil shales typically contain up to 
20 percent water. In the drying process there may be some 
oil loss. 

The year's success was the production of "drying guides' 
which can predict shale oil loss in relation to drying condi-
tions. 

The shale is dried and preheated using flue gas from the com-
bustion of retorted shale (this hot combusted shale is then 
recycled into the retort as a heat source). CSIRO studied 
the changes in shale minerals and oil yields as a function of 
drying conditions using simulated combustor flue gas to dry 
Rundle oil shale. 

Further research will relate residual oil composition to loss 
of oil during the drying process. CSIRO will also study the 
composition of solids and flue gas which are produced when 
retorted shale is only partially combusted under oxygen-lean 
conditions. 

Mineral Reactions in Oil Shale 

During the year a major study of the mineralogy of the most 
prospective sections of the Rundle, Condor, Nagoorin and 
Duaringa oil shale deposits of eastern Queensland was com-
pleted. The purpose of the project was to identify the sig-
nificant minerals in the various oil shales and to investigate 
their rate during each stage of processing. This information 
is necessary to optimize processing conditions since several 
minerals decompose and consume energy during processing. 
Some minerals also release gases which may be of environ-
mental concern. 

Of the minerals present in Australian oil shales, smectite, 
kaolinite, siderites and write are the most significant. They 
all undergo endothermic dehydration, dehydroxylation or 
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decomposition during preheating, retorting and/or combus-
tion. 

Results indicate that, by controlling vapor pressures, tem-
peratures and residence times within the retort, some of 
these reactions may be transferred to the combustor. This 
decreases the heat requirements in the retort and also in-
creases oil yield. 

A two-year program is now underway to test the feasibility 
and potential benefits of controlling these endothermic reac-
tions under practical operating conditions. 

Process Studies In Oil Shale Conversion 

The highlight of the year was the construction and successful 
commissioning of a new bench-scale facility. This rig in-
tegrates both retort and combustion operations as would be 
required in a commercial process. The design of the retort 
features developments which earlier work had indicated 
were necessary to achieve high oil yields. These include 
rapid and efficient mixing of solids, pyrolysis at relatively 
high temperatures (up to 500 0C) and use of short residence 
times for gases and solids within the reactor. These features 
combine to reduce cracking and coking which occur as secon-
dary reactions during processing, and which are the main 
cause of reduced yields. Operation of this rig has produced 
oil yields 20 percent higher than those from more conven-
tional rigs. 

Work continued to study the effect of coking and cracking 
on the product oil. It was found that modifying combustion 
conditions could alter the surface area of the recycled ash 
which, in turn, influenced its coking reactivity. Ash from a 
fluidized bed combustor, for example operating at 8000C 
and with a residence time of two minutes, had significantly 
reduced coking reactivity compared to ashes prepared in a 
muffle furnace at 9000C and a longer residence period.

During 1990 the new integrated rig will be used to see how 
process conditions affect oil yields and oil quality. A specific 
aim is to produce a quality oil which requires a minimum of 
upgrading before it can be fed to a refinery. One approach 
Will be examining the recycling of the heavier (higher boiling 
range) fraction of the oil to the retort. In passing through 
the retort a second time it is cracked to lighter fractions 
which are more suitable for the production of transport 
fuels. 

Chemistry of Shale Oils 

There were two main research projects in 1989, one related 
to the chemical reactions within freshly retorted shale oil and 
the other to loss in oil yield within the retort. 

Fresh shale oil, if left in contact with air for any length of 
time after retorting, produces a gum-like substance which is 
unacceptable in processing. 

Precipitation starts after only six hours under ambient tem-
peratures and pressures and over several months up to 
50 percent of the oil can be affected. It was found that this 
*gum" is produced by the oxidation of phenols, olefins and 
pyrroles within the oil shale and can only be prevented by 
storing the oil in a totally oxygen-free environment. 

A second project investigated why oil losses occur in pilot 
plants Detailed chemical analysis of the oil product indi-
cated that oil was being lost by cracking, that is, the larger 
hydrocarbon molecules were being decomposed by heat 
within the retort. 

Study of how modifications to the retorting process can im-
prove oil quality will continue into 1990 with a study of the 
upgrading of Stuart shale oil. 

fin 
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COMING EVENTS 

1990 

JUNE 7-8, HONOLULU, HAWAII - International Energy Workshop. 

JUNE 10-13, CALGARY, ALBERTA, CANADA - Petroleum Societ y of CIM. International Technical Meeting. 

JUNE 11-14, BRUSSELS, BELGIUM - Thirty-Fifth International Gas Turbine and Aeroenine CongressandE.M2sition. 

JUNE 11-14, TORONTO, ONTARIO, CANADA - jQ Windsor Worksho p on Alternative fjj. 

JUNE 11-15, NOORDWIJKER}IOUT, THE NETHERLANDS - Pyrolysis 

JUNE 11-15, JYVAESKYLAE, FINLAND - International Conference and Exhibition on Peat Production &n -d Use. 

JUNE 14-15, LONDON, UNITED KINGDOM - European Enerv Conference. 

JUNE 17-20, BISMARCK, NORTH DAKOTA - Interstate Oil Com pact Commission Midyear Meeting. 

JUNE 19-21, COPENHAGEN, DENMARK - Annual International Conference of the International Association of Energy 
Economists. 

JUNE 25-30, MOSCOW, USSR - Third International Exhibition f Energy and Technology. Energy Extraction and Generating, 
Conventional Processes and Alternative Sources. 

JULY 2-6, NEW HAMPTON, NEW HAMPSHIRE - Ei Science Conference. 

JULY 15-17, ADELAIDE, AUSTRALIA - AlE Conference on Ener gy for the Twenty-First Century: Are ç Prepared? 

JULY 16-17, DENVER, COLORADO - Committee on Trans portation and Air Quality, Transportation Research Board. 

JULY 22-25, DENVER, COLORADO - fifili PacificRim Qj Conference. 

JULY 22-27, ORLEANS, FRANCE - Twenty-Third Combustion Institute Symposium on Combustion. 

JULY 22-27, HONOLULU, HAWAII - Ei ghth World Hydrogen Energy Conference. 

JULY 29-AUGUST 3, HONOLULU, HAWAII - Circum-Pacific EneraAnd Mineral Resources Conference. 

AUGUST 7-10, LARAMIE, WYOMING - Confab 90 on Fossil fj 

AUGUST 12-17, RENO, NEVADA - Twenty-Fifth Intersociety Energy Conversion Engineering Conference. 

AUGUST 13-16, SAN DIEGO, CALIFORNIA - Future Trans portation Technology Conference. 

AUGUST 19-22, SAN DIEGO, CALIFORNIA -Summer National Meetina of The American Institute of Chemical Engineers. 

AUGUST 26-28, PITTSBURGH, PENNSYLVANIA - Seventh USA /Korea jjjfl Workshop on Coal Utilization Technology. 

AUGUST 26-31, WASHINGTON, D.C. - Two Hundredth American Chemical Society National Meeting. 

AUGUST 26-31, PRAGUE, CZECHOSLOVAKIA - Tenth International Congress of Chemical EnaineerinQ Chemical Equipment 
Design and Automation. 

AUGUST 27-30, AUCKLAND, NEW ZEALAND - Ei ghteenth Australian Chemical Engineering Conference: Processing Pacific 
Resources.
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AUGUST 28-29, BISMARCK, NORTH DAKOTA - SmOos9.0 S ymposium gj Opportunities in thç Synfuels Industry. 

AUGUST 28-30, MORGANTOWN, WEST VIRGINIA - Gasification MWgn Stream CleanuD Systems, 

SEPTEMBER 10-14, PITTSBURGH, PENNSYLVANIA - Seventh Annual International Pittsburth QgJ Conference. 

SEPTEMBER 16-19, PITTSBURGH, PENNSYLVANIA - Advanced Research nQ Technology Development Contractors Review. 

SEPTEMBER 23-25, CALGARY, ALBERTA, CANADA - Qffl International Qi! jj Gas Markets Conference. 

SEPTEMBER 23-26, NEW ORLEANS, LOUISIANA - Annual Meetin g 21 Ltlge Society f Petroleum Engineers. 

SEPTEMBER 24-27, PITTSBURGH, PENNSYLVANIA - Direct Li quefaction Contractors Review Meeting. 

OCTOBER 11-12, BRUSSELS, BELGIUM - Conference pn Clean Power Frorncj Worldwide Market Opportunities. 

NOVEMBER 5-8, PITTSBURGH, PENNSYLVANIA - Indirect Liquefaction Contractors Review Meetin. 

DECEMBER 3-5, BRISBANE, QUEENSLAND, AUSTRALIA -Fourth Australian Coal Science Conference. 

DECEMBER 4-6, ORLANDO, FLORIDA - Power-Gen 

1991 

JANUARY 20-24, HOUSTON, TEXAS - Fourteenth Energy-Sources Technology Conference. 

FEBRUARY 17-21, CARACAS, VENEZUELA - Symposium on Lhe Future 21 Heavy Oil &Tar Sands. 

MARCH 7-8, DORTMUND, FEDERAL REPUBLIC OF GERMANY - —Coal 	 1221. 

APRIL 3-5, LONDON, UNITED KINGDOM - International Conference on QJ in Il Le Environment. 

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

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

PROJECT ACTIVITIES

WESTERN SLOPE REFINERY SUSPENDS OPERATIONS 

Last December, the Western Slope Refining Company an-
nounced that most operations at the Fruits, Colorado plant 
would be suspended indefinitely due to inconsistent 
availability of raw materials and falling revenues. Employee 
layoffs were initially scheduled to begin February 21, but 
were postponed until early March. 

According to S. Allen, company spokeswoman, the refinery 
employed 130 workers in December when the suspension 
was announced. Since that time, at least 22 employees have 
resigned voluntarily. By the first week of April a total of 
94 people had been laid off, transferred or resigned, said Al-
len. Another 30 employees were scheduled to be laid off on 
April 20. 

The troubled company has also been cited by the Colorado 
Department of Health for failure to adequately monitor sul-
fur compound emissions at the Fruits plant, according to 
D. Ouimette of the health department. No penalties or sanc-
tions have been instituted yet, he said, but if the department 
does issue a compliance order, any further violations could 
subject the company to fines of up to $25,000 a day. 

LAND EXCHANGE COULD REVIVE WHITE RIVER OIL 
SHALE PROJECT 

The White River Shale Project could be reopened if a land 
exchange with the State of Utah is approved. 

In 1974 Sun Oil, Phillips and Sohio formed the White River 
Shale Corporation. They leased two federal tracts of land 
(Us and Ub) totaling 10,240 acres. The tracts, located 
45 miles southeast of Vernal, Utah, are rich in oil shale. 

The White River Shale Corporation spent millions develop-
ing its mine which was projected to produce 15,000 barrels of 
shale oil a day during the first phase. In the mid-1980s, when 
the price of oil dropped dramatically, the company relin-
quished the leases and turned the land back to the Bureau of 
Land Management (BLM) along with Si million in lieu of 
reclaiming the project. 

The land cannot be leased by another company because the 
prototype leasing legislation has expired—it would require 
Congressional legislation. To resolve the leasing problem, 
state and federal agencies have been working on a land ex-
change proposed in 1986 by M. Lekas, president of 
Geokinetics.

If. the land exchange does not take place, the BLM may be 
faced with removing over $40 million worth of support 
facilities and abandoning the underground workings. The 
BLM is currently using the $1 million to maintain the project 
at a cost of $90,000 a year. 

BLM and Utah Division of State Lands and Forestry offi-
cials are studying the details of the land exchange. They 
have contracted for one study to determine the actual costs 
of reclaiming the White River Project and another one to 
determine the values of the lands involved. BLM district 
manager, D. Little, says that if the exchange occurs, it will be 
value for value, not acre for acre. 

In August 1989, BLM and Utah agreed the land exchange 
would take place depending on the results of the two studies, 
public input and an environmental assessment. The agree-
ment calls for the process to be completed by October 30, 
1991. 

According to Lekas, the land exchange is the only way the 
project will be developed. He says Geokinetics would like to 
act as a catalyst to bring the project into production, attract-
ing investors when the economic conditions are right. One 
major condition, the price of oil, would probably have to be 
in the $30 per barrel range, he said. 

If the land exchange does not go through, says Little, the 
RIM will have to decide how long to continue to maintain 
the main facilities.

nfl 

UNOCAL SHOWS PROFIT FROM PARACHUTE OIL 
SHALE PROJECT 

Unocal has been processing oil shale at its plant in 
Parachute, Colorado since 1986. But the quarter ended in 
March 1990 was the first quarter that a positive cash flow has 
been sustained over the entire period, according to 
M. Thacher of Unocal. 

The profitable first quarter included government price sup-
ports based on a guaranteed price of $46.34 per barrel, said 
spokesman B: Lane. Unocal received $2031 per barrel in 
the marketplace and billed the government $26.03 per barrel, 
or $6.4 million. In 1989, the company received $22 million 
under the 1981 price support contract. 

According to A. Randle, vice president for oil shale opera-
tions in Parachute, the plant, designed for a capacity of 
10,000 barrels per day, currently produces 6,000 to 
7,000 barrels daily. Randle predicts that 1990 production 
will be 50 to 100 per cent higher than 1989 levels.

- 
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UNOCAL OIL SHIPMENTS 

DECEMBER 1986 THROUGH APRIL 1990 

According to Unocal's annual corporate report, 1989 produc-
tion of synthetic crude oil at the Parachute oil shale project 
exceeded one million barrels for the second straight year. 
Table 1 gives Unocal's oil shale shipments through 
April 1990. Figure 1 depicts these shipments graphically. 
The large fluctuations shown reflect planned shut downs, 
modifications, scheduled inspections, and maintenance as 
well as unexpected mechanical problems. 

According to Unocal's annual report, the $400 million price 
support contract, awarded to the company to encourage their 
pioneering efforts in developing oil shale technology, had a 
remaining balance of $324 million at the end of 1989.

TABLE 1 

UNOCAL OIL SHALE SHIPMENTS
(Thousand Barrels) 

1986 1988 1989 
D 19 J 58 J 25 

1987 F 58 F 0 
J 120 M 82 M 53 
F 40 A 80 A 159 
M 40 M 62 M 143 
A 0 J 22 J 57 
M 0 J 6 J 41 
J 42 A 49 A 42 
J 121 S 166 S 65 
A 40 0 191 0 33 
S 30 N 129 N 227 
0 40 D 151 D 196 
N 98 1990 
D 107 J 0 

F 96 
M 164 
A 156
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0051 DEMONSTRATION PROJECT SUMMARIZED 

A demonstration project proposed by Occidental Oil Shale, 
Inc., (005!) at Colorado Tract C-b has advanced into the 
final planning and engineering phase. The status of the 
project was summarized by R.G. Vawter at the Twenty-Third 
Oil Shale Symposium in May. A comprehensive plan and jus- 
tification for this proof-of-concept oil shale facility will be 
completed in the next few months, says Vawter. This "Plan," 
which is jointly sponsored by state and local governments of 
Colorado, the United States Department of Energy (DOE), 
and OOSI, includes an in-depth investigation into the 
economics, financing alternatives, marketing of products and 
electrical power, environmental considerations and tech-
nologies to be employed. The project involves 0051's 
Modified-In-Situ (MIS) retorting and a Circulating Fluidized 
Bed Combustor (CFBC) for producing electrical power and 
steam, for internal use and external sale, from MIS gas, oil 
shale and coal. 

At the urging of the Associated Governments of Northwest 
Colorado in 1986, the Oil Shale Action Committee was 
formed as a coalition of interested individuals, industrial com-
panies and state and local government officials in Utah, 
Wyoming and Colorado. This coalition urged the Congress 
to appropriate funds in fiscal year 1990 for the design, con-
struction and operation of a proof-of-concept facility in the 
West. Occidental has joined this coalition and has offered 
the use of its Tract C-b as a site for the facility. The C-b site 
was one of the six tracts included in the Department of 
Interior's (DOl) Prototype Oil Shale Lease Program. 

The United States Congress appropriated $750,000 for fiscal 
year 1590 to support the development of a comprehensive 
plan and justification for a proposed oil shale facility involv-
ing in situ processing of western shales as well as possible sur-
face processing of mined materials and wastes. 

In response to this appropriation, OOSI submitted an un-
solicited proposal to the DOE in December. Included in the 
proposal is a commitment from the State of Colorado and 
Rio Blanco County to contribute a combined 
$400,000 toward the effort. OOSI has pledged to match the 
state and federal governments' contribution so that the total 
cost of the proposed work will be a minimum of $23 million. 

The DOE accepted 0051's proposal in January 1990, and 
work on the plan and justification for the facility (the Plan) is 
underway. 

Proposed Demonstration Project 

The proof-of-concept oil shale facility planned for Tract C-b 
will employ Occidental's MIS technology to produce 
1,206 barrels per day of raw shale oil. Oil shale mined to 
create voids for MIS retorts will be combusted along with 
MIS gas and coal in a CFBC. The alkali material in the oil

shale will serve as the sulfur sorbent. The steam generated 
by the CFBC will be used to produce 43 megawatts of electri-
cal power, some of which would be used internally and the 
rest sold. 

MIS technology was developed to take advantage of the 
unique features of thick, deep deposits. It is a technology 
that processes much of the oil shale in place, thereby avoid-
ing considerable mining and materials handling expense. 

Underground rooms are constructed by standard room and 
pillar mining techniques, three such rooms being located at 
various elevations above each other. Holes are drilled, in 
prescribed patterns, into the remaining rock separating and 
supporting these rooms. Theie holes are then filled with ex-
plosives in proprietary amounts and locations. The ex-
plosives are detonated in preset patterns creating an under-
ground rubble mass, containing 350,000 tons of broken oil 
shale, and an open or void volume amounting to 20 percent 
of the resulting chamber or retort. 

The openings to the drifts are then closed off with steel 
bulkheads containing suitable openings for piping to allow 
product gases and oil to be withdrawn. The top of the retort 
is then heated to ignition temperature with hot gases. The 
gases are drawn downward through the retort by blowers on 
the surface, which maintain a suction on the retort bottom. 
Air is next introduced, causing some of the carbon on the 
heated shale residue (spent shale) to burn, driving a thermal 
front downward through the retort. This releases the 
kerogen as hydrocarbons, which then flow to the bottom of 
the retort where the heavier ones are collected as liquids and 
the lighter ones exit with the exhaust gases, and are removed 
at the surface. Recoveries of about 70-80 percent are ex-
pected. When the retorts have been so processed, water is 
poured over them to cool and clean the spent shale. 

Although an above ground retort (AGR) is not specifically 
included in this Plan, Occidental says it welcomes AGR 
developers to conduct testing at Tract C-b, subject to 
suitable business terms. 

The proof-of-concept oil shale facility is estimated to cost 
$225 million in initial capital (Table 1) and incur annual 
operating costs of $30 million (Table 2). Revenues from the 
sale of shale oil and electricity are estimated at $24 million 
per year. The project is expected to last ten years. Final 
design and construction is estimated to require three years 
followed by seven years of startup and operations. 

Plan and Justification Program 

The development of the Plan officially began in 1990. 
However, earlier work conducted by OOSI and DOE 
provides extensive background for the planning of a proof-
of-concept oil shale facility. 
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TABLE 1

PROJECT CAPITAL COSTS 

3 Millions

- Tract C-b lease requirements 
- Financial plan development 
- Marketing plan development 
- Management plan development 
- QA/QC plan finalization 
- Environmental analysis 
- Reports 

The major activities included in the development of the Plan 
include:

Mine $27.0 
MIS Facilities 27.6 
Buildings 13.8 
Site Prep 5.8 
Shale Handling 4.0 
CFBC Power Generation 52.3 
Support Facilities 
TOTAL DIRECT FIELD COSTS $150.1 
Indirects and Field Costs 57.8 
Other Owner Costs 17.2 
TOTAL PROJECT COST $225.1 

TABLE 2

PROJECT OPERATING COSTS 

$000/Year 

Natural Gas ($2.00/MMBTU)	 $193 
Coal ($1.25fMMBTU) 2,102 
Electrical Power ($0.05/kWh) 0 
Diesel Fuel ($1.25/gal) 85 
Operating Supplies 29 
Operating Labor 5,120 
Maintenance 4,019 
Ash Disposal 27 
Retort Construction 4,708 
Mining 5,920 
Unallocated Support 
TOTAL ANNUAL COST $30,064

Engineering, design and cost estimate 
CFBC design confirmation 
Permit reactivation 
Shaft facility review 
Mine plan finalization

The conduct of the above activities will result in two reports; 
a Project Assessment Report to be completed by 
June 1, 1990 and a Final Report scheduled for completion 
September 30, 1990. The information developed will provide 
the basis for moving the project into the final design, procure-
ment and construction phase. 

The team assembled to develop the Plan includes Bechtel, 
Houston; Ford, Bacon and Davis, Bunger & Associates, 
Geokinetics, and the University of Utah, Salt Lake City, 
Utah; Agapito and Associates, EMRx and Parsons-
Brinkerhoff, Grand Junction, Colorado; Western Research 
Institute, Laramie, Wyoming; University of West Virginia, 
Morgantown, West Virginia; and Boston Pacific, 
Washington, D.C. Other contractors may be added as 
needed. 

Following the successful completion of the Plan, the com-
mencement of final design activities will begin, subject to 
funding availability and approval by the participants. Field 
construction and mining for the project can be initiated as 
early as 1991. The $350 million spent to date on the tract 
make this early project start possible and also facilitates the 
commencement of a commercial project at the conclusion of 
the demonstration program. The reserves on Tract C-b are 
estimated at 4.5 billion barrels. 

Commercial Prospects 

The commercial project that would emerge from a successful 
demonstration at Tract C-b would be much smaller than 
projects envisioned during the Synthetic Fuels Corporation 
era, in recognition of the technical, environmental and finan-
cial difficulties encountered in technology commercializa-
tion. Last year, in conjunction with DOE, Lawrence Liver-
more National Laboratory and Western Research Institute, 
an estimate was prepared by Bechtel for a commercial 
project selling 23,000 barrels per day of a syncrude and 
43 megawatts of electricity. The project employs MIS, AGR 
and CFBC technologies. Its capital requirement is 
$1,160 million. Operating costs averaged $21 per barrel. 
Based upon a 20 percent discounted cash flow rate of return 
and reasonable financial assumptions, the project would be 
profitable at a $30 per barrel syncrude price. Such a price 
may be expected in the 2000-2010 timeframe. 
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DEPOSIT IN-SITU RESOURCE 
CONDOR 9.65 billion barrels 
DUABINGA 3.72 billion barrels 
LOWMEAD 0.74 billion barrels 
NA300RIN 2.65 billion barrels 
NA000RIN 5TH 0.47 billion barrels 
RUNDLE 2.65 billion barrels 
STUART 3.00 Dillon barrels 
VMMBA '4.14 billion barrels
TOTAL	 27.02 billion barrels 

LW VENTURE OPERATORS ESTIMATE 

CORPORATIONS 

NATEC PROCESS READY FOR COMMERCIAL 
APPLICATION 

NaTec Resources Inc., based in Houston, Texas, says it has 
successfully completed performance testing for the first com-
mercial application of its thy sodium injection process to 
remove acid rain pollutants from flue gas. The project site is 
the Western Slope Refining Company in Fruits, Colorado. 

NaTec chairman and chief executive officer S. Christopher 
said the company's first quarter loss of $1.15 million was 
mainly due to the costs associated with research and develop-
ment, marketing and the startup of the pilot project. 

NaTec is currently building a mine and processing facility to 
process nahcolite, a naturally occurring sodium bicarbonate. 
Christopher says the facility is scheduled to begin operating 
in 1991, and initially will process 125,000 tons per year. The 
leased land in northwestern Colorado's Piceance Creek 
Basin contains an estimated 85 million tons of nahcolite 
reserves. 

Christopher added that the company has contracted with 
Public Service Company of Colorado for a commercial 
demonstration.

flit

SPP/CPM SEES NEED FOR AUSTRALIAN SHALE OIL 

Southern Pacific Petroleum N.L. (SPP) and its affiliate 
Central Pacific Minerals N.L. (CPM) continue in their com-
mitment to the development of a modern Australian shale 
oil industry based on their tertiary oil shale deposits in east 
central Queensland. 

According to their annual reports for 1989, SPP/CPM want 
to establish an industry of national importance to Australia 
in terms of benefits to the national economy and self-
sufficiency in transportation fuels. Within a framework of 
the highest environmental standards, the companies hope, as 
soon as possible, to build the first commercial demonstration 
oil shale processing plant based on the Stuart deposit. 

Of the estimated 27 billion barrels of in situ resources of 
shale oil in Australia, SPP/CPM's net interest amounts to 
20 billion barrels. The map and table in Figure 1 show the 
locations and estimated amounts of Australia's in situ 
resources. 

Chairman's Report 

For the past ten years, SPF/CPM has conducted technical 
and commercial studies and research related to the produc-
tion of shale oil in Australia. A substantial amount of this 
work has concerned environmental matters. 

SPP/CPM believe their selection of the Canadian AOSTRA 
(Alberta Oil Sands Technology and Research Authority) 

FIGURE 1

SPP/CPM OIL SHALE PROPERTIES 

0u 

I. 
I	 • 
I	

U	 '7 •
^L. 

uAst

LOWMEAO 

SOURCE: SPP/CPM 1989 ANNUAL REPORT
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Taciuk processing technology is a sound design for environ-
mentally acceptable development of the companies' 
resources. The process was originally designed for the 
specific purpose of overcoming a major environmental 
problem—the discharge of wet tailings. The AOSTRA 
Taciuk retort produces dry tailings which can be replaced 
directly into the mining pit from which the oil shale is mined. 
In addition, sulfur and nitrogen impurities are eliminated by 
the process, producing a substantially cleaner oil than is 
produced by the average commercial oil well. 

With steadily declining oil production in the United States 
and increasing Free World demand for crude oil—nearly 
back up to the record level set in 1979—OPEC has regained 
significant power in world crude oil pricing. During 1989, 
SPP/CPM addressed the question, M the demand on 
OPEC grows, where will it set the price of crude oil?

To analyze this question, actual oil prices for the past 
17 years were adjusted by the Consumer Price Index to a 
common year (1989). The result is shown in Figure 2. 

The variations in crude oil price show a good correlation 
with changes in Free World consumption. The zero con-
sumption growth price is around US$36.00 per barrel 
($ 1989). At prices above this level Free World consumption 
declines as alternative fuels are actively put into production 
and conservation measures are undertaken. 

At the current levels of US$16.00 to US$18.00 Free World 
consumption is growing. OPEC may be in a situation where 
it will need to spend some US$60 billion to increase produc-
tion to meet Free World needs this decade—funds which it 
does not have and is not earning at current prices after pay-
ment of national expenditures. 

FIGURE 2 

TRENDS IN FREE WORLD OIL CONSUMPTION 
AT DIFFERENT OPEC OIL PRICES (1972 - 1989) 
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Figure 2 indicates that at a price of around US$26.00 per 
barrel, the level prevailing in 1974-78, consumption was still 
showing an increase of two percent per annum. "In sum-
maw, it seems as though OPEC got the pricing question 
right the first time and it is logical to expect them to return 
to this price base," says chairman 1. McFarlane.

while its production of oil decreased by six percent during 
the year. 'I'his meant that Australia had to import 
169,000 barrels of oil per day, increasing the chronic balance 
of payments deficit.	 - 

Stuart Project 

SPP/CPM also analyzed over the same period the amount of 
money the Free World was prepared to pay oil producers for 
its oil supply. For this analysis, they used the gross annual 
revenues as calculated from annual Free World consumption 
and average OPEC oil price. 

The calculations are shown on Figure 3 in terms of 
US$ 1989 per day. They noted that in 1974 to 1978 the 
amount of daily expenditure of about US$1.2 billion per day 
closely followed the median line. 

The abrupt price increase by OPEC in 1979/80 was met by 
substantial reductions in consumption bringing the total ex-
penditure back towards the median line by 1985. With total 
Free World expenditures on crude oil returning- to the 
median line the relevant OPEC price would be US$26.00 per 
barrel. SPP/CPM expects to see this price level phased in by 
about 1995. 

In 1988, there were serious problems beginning to affect 
Australia's oil supply; these problems continued during 1989. 
Australia's consumption of oil increased by four percent 

FIGURE 3	 - 
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During 1989, the companies' principal focus continued to be 
the Stuart Oil Shale Project, the objective of which is to con- 
struct the first shale oil production module near the in-
dustrial city of Gladstone. 

Over the past 21 months the work program has 

- Defined the size for the initial plant-6,000 tonnes 
of Kerosene Creek oil feed per stream day 

- Progressed engineering work for this size plant 

- Completed further drilling and confirmed total 
resources of 3.0 billion barrels (previously 
231 billion barrels) 

- Conducted extensive work in relation to product 
analysis and marketing 

- Refined a detailed data base for subsequent mine 
planning of the initial open-cut pit 	 - 

- - Commenced discussions regarding infrastructure 
with the Queensland government 

Acquired certain surface rights over the resource 
and continued work toward the necessary govern-
ment approvals 

- Undertaken base line studies and comprehensive 
environmental studies over a wide range 

- Refined economic evaluation aimed at providing a 
firm base to put financing in place 

Rundle Project 

Esso Australia Resources Limited, operator of the Rundle 
Project, has continued research and development of mine 
waste and shale ash management, oil hydrotreating plus 
other process and environmental studies. This work will ex-
tend into 1990. 

Condor Project 

On-going development of the Condor deposit includes fun-
damental research being conducted with CSIRO 
(Commonwealth Scientific Industrial Research Organiza-
tion) and universities. Drying and small scale hydrotreating 
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studies are being supported at Sydney and Macquarie Univer-
sities respectively. 

The completion of batch tesiwork for the AOSTRA Taciuk 
Processor has been delayed to take advantage of results soon 
to become available from CSIRO research, thus ensuring 
close integration of relevant Australian research and on-
going Canadian engineering. 

Yaamha Project 

Further work was undertaken on the oil shale deposits at the 
Yaamba and Herbert Creek deposits in 1989. At Herbert 
Creek eight holes for a total of 1,107 meters were drilled to 
aid in resource definition. Also, Billiton European Research 
Laboratories tested oil shale from the Yaamba Basin. 

Duaringa 
Lowmead 
Nagoorin 
Nagoorin South 

Research, development and engineering continued during 
1989 on Duaringa, Lowmead, Nagoorin and Nagoorin South 
oil shales. 

A two year experimental work program using test equipment 
which integrates the retorting and combustion steps of the 
process is nearing completion. Duaringa, Lowmead, 
Nagoorin and Nagoorin South oil shale samples are included 
in these experiments. 

Understanding the way the minerals in these oil shales react 
during retorting and combustion is important, as they affect 
the amount of heat required during retorting and combus-
tion and hence influence capital and operating costs. 

Characterization of shale oils from three of these deposits 
continued at Macquarie University in support of initial small 
scale hydrotreating studies. This work is designed to yield 
data regarding the upgrading of each oil to syncrude. 

Overseas 

The companies' holdings of oil shale permits in Luxembourg 
and West Germany and their leases in Kentucky, U.S.A. con-
tinue to be maintained at low cost on a care and main-
tenance basis.

EASTERN OIL SHALE PROGRAM TO CONTINUE AT 
KENTUCKY CAER 

The Kentucky Center for Applied Energy Research (CAER) 
has received a new commitment of funding from the United 
States Department of Energy to continue work on a retort-
big process from eastern oil shale. A three-year continuation 
of the KENTORT H process development effort is planned, 
at a cost of $1.9 million. 

The KENTORT H is a multiple, fluidized bed retorting sys-
tem which has been under development since 1984. 

According to the CAER, eastern oil shale is a major un-
tapped energy resource, with deposits in Kentucky, Ohio, In-
diana, Michigan, Alabama, and Tennessee. An understand-
ing of the potential importance of this resource was 
developed during the early 1980s when the nation faced liq-
uid fuel shortages. Much effort was expended in the study of 
eastern oil shale and it was discovered that: (1) the resource 
in Kentucky and other eastern states in the United States is 
very large (approximately 600 million barrels of oil 
equivalent), of the same order as that of the more 
thoroughly documented western United States oil shales, and 
(2) eastern oil shales have a significantly different chemistry 
from that of western United States oil shales. In particular, 
eastern United States shales produce oil which is much more 
susceptible to coking and cracking reactions. Because of 
these chemical differences, it was found that the optimum 
economic performance could not be attained from eastern 
oil shale using those technologies which were developed for 
oil shales from other regions. 

The KENTORT II process was specifically designed to maxi-
mize the oil yield and product recovery from eastern oil 
shales. The process has been under development at the 
University of Kentucky Center for Applied Energy Research 
(CAER) since 1984. The technology is currently being. 
demonstrated in a five-pound per hour (shale) integrated 
reactor system, and is supported by the Laramie Project Of-
fice of the Morgantown Energy Technology Center, United 
States Department of Energy. 

CAER believes a larger scale system is essential if the 
development of this process is to continue. It will allow for 
the collection of data for scaleup to commercial size, and a 
realistic evaluation of anticipated technical problems. 
Moreover, larger scale systems enable the generation of 
products and wastes in sufficient quantity to permit more ex-
tensive research and development in areas like crude shale 
oil upgrading and spent shale disposal and reclamation. 
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Also, operation on a larger scale will provide an authentic 
simulation of commercial-scale conditions, necessary for fur-
ther refinement of the concept. The new program will 
develop a second generation process at a scale of 50 pounds 
of shale per hour. 

The Process 

Specifically, the process (Figure 1) is a multiple, integrated, 
fluidized bed system designed to improve oil yields, is ther-
mally efficient and generates useful chemical byproducts 
(sulfur, ammonia, and hydrogen-rich gases) while mitigating 
environmental problems. A unique feature is the integration 
of the pyrolysis step with the gasification and the combustion 
steps. 

Crude shale oil is generated in the pyrolysis zone. Fluidized 
bed technology is capable of enhancing oil yields up to 
50 percent above the processes designed for western United 
States shales. Other important advantages include rapid 
reaction rate, complete utilization of mined shale, and effi-
cient heat and mass transfer characteristics.

The intermediate gasification zone (Figure 1) is a unique fea-
ture of the process which is particularly suited to eastern oil 
shales. The gasification stage is central to the high heat 
transfer efficiency of the system. Recirculating hot shale 
from the gasifier to the pyrolyzer provides the heat by direct 
solid-solid contact to drive the pyrolysis reactions. The reduc-
ing atmosphere in the gasification zone removes the inor-
ganic sulfur from the shale as hydrogen sulfide, which can 
then be converted with existing technology to elemental sul-
fur, a valuable byproduct. The removal of sulfur prior to 
combustion is important because it lessens the emission of 
sulfur dioxide and the need for elaborate scrubbing systems. 
Gasification introduces other advantages in that iron species 
are converted to forms that will not cause particle agglomera-
tion during combustion. Additionally, 15 to 20 percent of 
the residual carbon following pyrolysis can be converted to a 
hydrogen-rich gas which can be used directly as a fuel or as a 
source of hydrogen for upgrading. 

In the combustion zone, the carbon remaining after pyrolysis 
and gasification is burned to provide the process heat re-
quirements. The hot combusted shale attains a temperature 

FIGURE 1 
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of a least 7500C, and makes an excellent heat transfer 
medium, providing an efficient, direct source of heat to the 
pyrolysis and gasification zones. 

This configuration (pyrolysis, gasification, and combustion) 
facilitates the management and reduction of waste streams 
(solid, liquid, and gas) at the source, through the control of 
reactor conditions. This approach has directly addressed the 
issues of environmental control and resource utilization, and 
is inherently more efficient and cost effective than early 
processes designed to operate with other shales. 

Recent Findings 

The KENTORT ii process has been demonstrated at 
moderate gasification temperatures and shale residence 
times. The gasification step removes up to 90 percent of the

original sulfur as hydrogen sulfide while converting 
20 percent of the starting carbon to a hydrogen-rich gas. Suf-
ficient carbon (15 to 20 percent of the original) remains after 
pyrolysis/gasification to provide process heat via combus-
tion. Fully integrated operation has demonstrated that 
enhanced oil yields can be maintained when shale recircula-
tion is used for heat transfer. A final spent shale product 
which contains little residual carbon and sulfur and small 
add-generating capacity has been produced. Thus CAER 
states it has been demonstrated that the KEN'FORT H 
process can recover most of the energy potential of eastern 
oil shales, while producing a spent shale amenable to environ-
mentally safe disposal. 
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GOVERNMENT 

UNOCAL REQUESTS AID FOR OIL SHALE PROJECT 

Unocal's president of science and technology and energy min-
ing divisions, C.P. Reeg, told Congress in February that Uno-
cal may not be able to realize the full potential of its oil shale 
retorting technology under current economic conditions. 

Reeg testified that while federal assistance exists in the form 
of a $3 per barrel credit, that credit is offset by any energy 
investment tax credits claimed on a project. The credit is fur-
ther reduced by the proportion of the facility financed with 
tax-exempt pollution control bonds, he said. "Thus, while 
the credit is earned by production, it is deferred until these 
other benefits are recaptured? 

Unocal, says Reeg, proposes a three-year moratorium on the 
energy investment tax credit offset and the tax-exempt pollu-
tion control bond reduction to allow companies to benefit 
from the $3 per barrel production credit now. He says this 
three-year window of opportunity would allow Unocal to 
make technological progress and more fully determine oil 
shale's true potential. 

Unocal has operated its $650 million, 10,000 barrel per day 
Parachute Creek, Colorado shale oil plant since 1983. 

In 1981, Unocal obtained a $400 million fuel supply contract 
from the United States Department of Energy (DOE) under 
the Defense Production Act. Under the contract, says Reeg, 
Unocal provides the results of extensive environmental and 
health monitoring to DOE and EPA (Environmental Protec-
tion Agency) officials. The contract also requires Unocal to 
make its oil shale technology generally available for commer-
cial use. 

Reeg testified, "If we can continue to operate the project, we 
will be able to establish the technical, environmental and 
economic viability of a commercial oil shale plant within the 
next three to five years." Reeg said that this information is 
important to the United States because the development of 
domestic oil shale reserves would provide a "double benefit: 
increased domestic oil production, plus additional federal 
royalty revenues from the government's 80 percent owner-
ship of the resource."

#111 

AGNC SUPPORTS Ofl PROJECT 

"The Associated Governments of Northwest Colorado 
(AGNC) supports the funding of a joint industry, state and

federal government proof-of-concept oil shale demonstration 
project," says a March press release from the group. 

In June 1986 the AGNC convened a workshop in Meeker, 
Colorado to assess the need for continued oil shale research. 
Public and private officials attended the Meeker conference 
to, "address the research and development void for alterna-
tive oil shale technologies now apparent with the recent ter-
mination of the United States Synthetic Fuels Corporation 
and decommissioning of the United States Department of 
Energy research facilities at Anvil Points? 

Conference attendees formed an "Oil Shale Action 
Committee," a coalition of private industry and government 
officials from Colorado, Utah and Wyoming to develop an 
oil shale research program. This program, "A Western 
States Enhanced Oil Shale Recovery Program," has been par-
tially funded by Congress for the past three years. In 1990 
this included initial funding of a plan and justification for a 
proof-of-concept oil shale demonstration project. 

The proposed project would involve the construction and 
operation of a 1,200 barrel-per-thy shale oil facility. After a 
three year construction period the facility would operate in a 
demonstration mode for a period of up to seven years. Data 
would be gathered on technical viability, cost, environmental 
protection and social impact. The project could then be ex-
panded with 100 percent private financing to a commercial 
size venture of a 23,000 barrel-per-day operation. 

According to the AGNC, Occidental Oil Shale Inc. (Oxy) 
will fund up to 50 percent of the proposed demonstration 
project in Rio Blanco County, Colorado. The net cost over 
10 years is estimated to be about $200 million. Oxy would 
operate an MIS (Modified In Situ) underground retorting 
system with a fluidized bed combustion power plant, and 
would make the site available to test alternative above 
ground retorting and other technologies. 

The AGNC listed the following reasons for government sup-
port of an oil shale demonstration project: 

The United States is not prepared to meed the next 
energy crisis. 

This is a research project, not a commercial scale 
venture. The project would allow testing of tech-
nological improvements and testing of environmen-
tal and socioeconomic impacts at a reasonable 
scale before a commercial size operation is at-
tempted. 

The United States government needs to continue 
an oil shale research program. Currently only 
three percent of the United States fossil fuels 
research program is devoted to oil shale research. 
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Yet, the United States government owns more than 
80 percent of the oil shale resource base. 

Development of the oil shale resource is important 
for national security. This country is again import-
ing close to 50 percent of its oil supply. And more 
than 50 percent of our imported oil comes from 
OPEC countries. 

- The cost of oil imports is the single largest com-
ponent of the United States balance-of-trade 
deficit. 

- United States domestic oil production is decreasing 
at an alarming rate; the Unites States is becoming 
more and more dependent on imported oil. 

The United States government owns more than 
80 percent of the oil shale resource. 

- The oil shale resource represents trillions of dollars 
of potential revenue to the state and federal govern-
ments. 

There is a need to develop sound environmental 
protections for oil shale development. The in situ 
technology proposed to be demonstrated has cer-
tain environmental advantages. These advantages 
need to be demonstrated and impact factors con-
firmed on a multi-retort sustained basis. 

- The land based production of oil shale may have 
environmental advantages over continued explora-
tion and shipping of off-shore oil resources. 

The Oil Shale Demonstration Project will help al-
leviate the severity of boom/bust cycles in the oil 
shale region. The proposed project would provide 
up to 650 construction jobs followed by a per-
manent job force of 150 to 200 employees. Prelimi-
nary results of a study being conducted by the 
Colorado Department of Local Affairs indicates 
that the demonstration project will provide up to 
$10 million in local revenue and up to $9 million in 
state revenue and no public infrastructure would 
need to be added to accommodate the population 
generated by the project. 

"he project has solid industry support through the Oil Shale 
Action Committee and the Rocky Mountain Oil and Gas 
Association," says the AGNC. 'The proposed proof-of-
concept oil shale demonstration project is a sound technol-
ogy development proposal and will be a good investment for 
the nation as well as the Rocky Mountain Region. The

AGNC recommends the multi-year federal funding of this 
project."

fin 

COLORADO VOICES SUPPORT FOR OIL SHALE 

Addressing the Twenty-Third Oil Shale Symposium held in 
May at the Colorado School of Mines, R.W. Cattany, assis-
tant director of Colorado's Department of Natural 
Resources, said, "Colorado is dedicated to a viable energy 
and minerals industry." 

The energy and minerals industries are an important part of 
economic development activities, says Cattany. In 1982 he 
wrote an article for Mines Magazine. In that article, he 
stated "Colorado will continue to support an oil shale in-
dustry that is: (1) consistent with well-considered national 
and regional energy goals; (2) based on sound technologies 
and economic sense; (3) paced to permit development with 
good management of socioeconomic impacts; and (4) en-
vironmentally sound to avoid unnecessary degradation of the 
air, water and other natural resources." Cattany said that 
these principles still guide Colorado's oil shale activities in 
1990. 

Unpatented Oil Shale Claims 

Congress continues to be involved in negotiations to settle 
unpatented oil shale claims in Colorado, Utah and Wyoming. 
Colorado supports the patenting of valid oil shale claims. It 
intends, however, to limit speculation on this resource and 
assure Colorado's involvement in surface management deci-
sions, says Cattany. 

In 1986 and 1987 Colorado took legal action to protect its in-
terest in management of the surface. As settlement to these 
legal actions, in 1987 Colorado began negotiations with the 
principal claimants to prepare voluntary surface mSnage-
ment agreements that would guide the surface use of the 
patented lands until oil shale development commenced. 
"'These agreements are restrictive covenants that go with the 
land and are recorded as documents affecting title. They 
serve as a matter of record describing the unique features of 
the tracts which will be useful at the time environmental fin-
pact statements are prepared prior to the development of 
the resource," said Cattany. 

Western Oil Shale Enhancement Program 

In 1986, a group of individuals representing the public and 
private sectors from Colorado, Utah and Wyoming formed 
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the Oil Shale Action Committee. It outlined two objectives: 
to assess the feasibility of a demonstration oil shale test 
facility, and to develop a plan of action for the enhancement 
of western shale. 

Cattany said that a number of significant accomplishments 
have been achieved in the western states oil shale initiative. 
Studies that have been completed include: 

An assessment of products obtainable from oil 
shale for which a viable market may be available 
under present economic conditions by J.E. Sinor 
Consultants 

An investigation of oil shale mining costs for dif-
ferent extraction and processing conditions, spent 
shale disposal costs, and potential unconventional 
uses for oil shale by Synfuels Engineering and 
Development 

A process engineering study, including capital and 
operating costs for a 2,000 barrel per day produc-
tion facility, by Ford, Bacon and Davis 

An economic evaluation of a small-scale shale oil 
plant serving a niche market, based on the above 
studies, and a review of environmental permitting 
and monitoring requirements and costs by Western 
Research Institute 

A study of the economics of large-scale commercial 
production of shale oil, combining underground 
and surface processing, by Occidental Oil Shale, 
Inc. 

Western oil shale resources and their potential to 
meet future national energy needs described in a 
video tape prepared by the Associated Govern-
ments of Northwest Colorado 

On-going studies include: 

A field investigation of methods to improve in situ 
fracturing of oil shale using propellants 

A proof-of-concept study for a novel shale oil refin-
ing process by the University of Utah 

An investigation of innovative methods for mining 
oil shale by the Colorado School of Mines 

- Support for a field demonstration study of water-
jet assisted mining techniques being conducted by 
the Colorado Mining Association

- A brochure being prepared by the Utah Energy Of- 
fice on western oil shale resources and their poten-
tial for satisfying future energy needs of the country 

In addition, says Cattany, there are two byproducts of oil 
shale which are of interest to Colorado. First, laboratory 
tests indicate that as an asphalt additive, oil shale can extend 
road life two and threefold, reducing the cost to the public 
for road maintenance and replacement. Colorado has con-
tracted with the New Paraho Corporation for six test strips 
for evaluation. 

Second, oil shale has the qualities of a dry sorbent when used 
in fluidized bed coal-fired power plants. Colorado continues 
to "pursue the possibility of a test of the NO and SO reduc-
tion potential at Colorado-Ute's Nucla facility. If successful, 
this could be a Colorado alternative to imported calcium or 
limestone from neighboring states. Such a test could be part 
of a Department of Energy Clean Coal Technology Program 
project? 

Demonstration Projects 

Colorado continues to support Unocal's efforts to make their 
surface retorting technology more cost efficient. To that 
end, Colorado supports modifications to the credits for 
producing fuel from a non-conventional source contained in 
the Windfall Profits Tax, says Cattany. 

Cattany added that Colorado also supports the development 
of alternate technologies. "A team consisting of the state, 
Occidental Oil, the United States Department of Energy 
(DOE) and local governments are examining the economic 
and environmental feasibility of a $200 million, ten-year 
demonstration project to test modified in situ oil shale 
processing," he said. 

This year about $2.5 million is being invested in this 
effort—$1 million from DOE, $1.15 million from Occidental 
and $400,000 from the state and local governments in 
northwest Colorado. Colorado also supports the extension 
of the Unconventional Fuels Tax Credit, he added. 

Other Issues Related to Colorado's Oil Shale Industry 

Given the economic value of mining to local communities, 
the industry must develop a friendly, supportive working 
relationship with local governments, and gain public accept-
ance for development activities. "Education of local officials 
on the technical aspects of proposed projects, coupled with 
the ability of these governments to analyze the impacts of 
these projects, is critical to their success," said Cattany. 

Colorado is encouraging Secretary Watkins to incorporate 
oil shale and other synthetic fuels in the Department of 
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Energy's National Energy Strategy. Clearly, says Cattany, 
such fuels have long-term strategic value as well as short-
term regional supply potentials.

activities in business, education and research; and second, to 
increase our effectiveness and enhance our competitiveness 
by creating networks for information exchange, technology 
transfer and business promotion." 

And, as part of the effort to promote Colorado's energy 
resources and related businesses, Colorado is participating in 
the formation of the Colorado GEM Organization. GEM 
stands for Geotechnology, Energy, Environment, Materials 
and Minerals. 

According to Cattany, "Its mission is twofold: first, to 
promote national and international awareness of Colorado 
as a center for geotechnology, energy and materials related

Cattany said, "Any action designed to improve the outlook 
for oil shale production in the West should reflect the in-
creasing environmental awareness of society, serve to en-
courage rather than discourage new projects, and foster the 
establishment of byproduct market niches." 
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ECONOMICS 

WRI STUDY SHOWS POTENTIAL FEASIBILITY FOR 
SMALL-SCALE SHALE PROJECT 

Western Research Institute (WRI) of Laramie, Wyoming 
undertook a study of the economic feasibility of a small-scale 
western oil shale project. The study includes a review of the 
commercial potential of western oil shale products and 
byproducts, a review of retorting processes, an economic 
evaluation of a small-scale commercial operation, and a 
description of the environmental requirements of such an 
operation.

sible products from western oil shale and evaluates the poten-
tial market for these products to fit within a suitable niche. 
It was concluded that individual chemicals are not present in 
sufficient amounts to be economically produced as the 
primary product for a commercial shale oil operation. A 
broad cut of products was then considered. The products in-
cluded asphalt blends, waxes, olefins, modified aromatics, 
synthetic gas, naphthalene, creosote, phenolics, pyridines, oil 
field chemicals, rubber processing oils, bunker fuel, car-
boxylic acids, jet fuel, high-density fuel, endothermic fuel, car-
bon black, coal dust suppressant, and anode coke. Asphalt 
blends were determined to be the most likely candidate as a 
primary product. 

Process Selected 
Product Selection

To produce an asphalt blend, an oil with a high nitrogen con-
There are numerous products that can be made from shale	 tent and a high proportion of heavy ends is desirable. 
oil. The Wit! analysis relies on a recent study by I.E. Sinor 	 Evaluation of the product properties from Table 1 shows 
Consultants which provides an extensive examination of pos-

TABLE 1

VACUUM DISTILLATION PROPERTIES FOR DIFFERENT RETORTING PROCESSES 

Processes IBP 10T QY  70% % EflE 

Surface 
N-T-U 356 523 684 822 - - - 
Gas Combustion Retorting 363 497 665 807 915 1,066 - 
Paraho Direct Heating 186 455 658 833 - - - 
Paraho Indirect Heating 178 515 700 826 - - - 
Petrosix - - - - - - - 
Superior - - - - - - - 
Rundle - - - - - - - 
Union 139 400 - 731 - 960 1,077 
TOSCO 11 - 275 500 698 850 - - 
Lurgi Condensed Oil 205 337 500 656 820 - 946 
Lurgi Noncondensed 

Oil
120 136 154 175 199 - 302 

LLNL Fluid Bed - 370 536 698 824 935 - 
LLNL Gravity Bed - 287 437 554 689 869 - 
KENTORT II Steam 298 455 662 875 - - - 
KENTORTHN2 377 507 672 846 - - - 
WRI Inclined Fluidized Bed - 559 761 960 - - - 
WRI Inclined Fluidized Bed 394 541 755 936 - - - 

In Situ 
OXYVMIS - 443 600 689 778 950 - 
WRI1O-Ton - 433 586 709 837 989 - 
WRl Vertical Low Void - 403 561 689 808 903 - 
Geokinetics 160 468 580 674 789 922 979 
WRI Horiz. Block Reactor 294 366 483 563 701 872 -
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that the Paraho direct-heating process, and the WRI inclined 
fluidized bed process are well suited to producing the 
desired oil type. The combination of the Paraho direct-
heating process and the WIll inclined fluidized bed process 
results in an efficient plant system. The Paraho process can-
not use oil shale that has been crushed to less than three-
eighths of an inch. However, the WRI inclined fluidized bed 
process appears to operate best with oil shale crushed to 
three-eighths of an inch or less. 

Process Design 

The three-state area consisting of Colorado, Utah, and 
Wyoming is considered as the area for shale oil-blended as-
phalt to enter the market. The key to the market is for shale 
oil-blended asphalt to increase pavement life. This will 
result in a premium price for the blended product that will 
be justified by life-cycle cost analysis. Using this type of 
analysis, the asphalt is more expensive, but less frequent 
repaving operations save taxpayers money overall. 

A series of calculations was made to determine the ap-
propriate size of a shale oil production facility needed to 
supply the shale oil asphalt for blending in the three-state 
area. The three-state demand for asphalt is about 
16,400 barrels per day. A plot of the relationship of plant 
size, percentage life-increase, percentage shale oil residue in 
the blend, and the value of the shale oil residue was 
developed to determine areas of economic feasibility. Eased 
on these results, a 2,000 barrel per day capacity was used for 
the process design, although a larger operation may be jus-
tified if greater pavement lifetimes can be demonstrated. 

A process engineering study was conducted by Ford, Bacon 
and Davis Inc. The design includes systems for material han-
dling, retorting, product handling, and environmental con-
trol. 

The material-handling system includes crushing and sorting 
of minus eight-inch mined material to minus three-eighths-
inch and three-eighths to three-inch feedstocks. The larger 
material is fed to a Parabo retort and the fines go to three 
inclined fluidized bed (IFB) retorts. The retorted shale from 
the IFB retorts goes to a fluidized bed combustor that burns 
product gas and carbon on the shale to heat recycle gas. 
Spent shale is conveyed to an offsite disposal area. 

Liquid products from the system are processed to remove 
and separate 60 percent of the oil for asphalt blend and 
40 percent as light ends. Sulfur is removed from the process 
gas during contact with spent shale in the fluidized bed com-
bustor and particulates are removed from the exiting gas by 
a baghouse.

Economic Evaluation 

To evaluate the economics of the small-scale commercial oil 
shale production facility, a series of discounted cash flow-
return on investment (DCF-ROl) calculations were made. 

The primary product from the plant is shale oil to be used as 
an asphalt blend. The value of the heavy shale oil product in 
this application is expected to range from $50 to nearly 
$200 per barrel ($265 to $1,060 per ton), depending on the 
improvement achieved in pavement life cycle. As field test-
ing has only begun, the product value is still unknown; so 
values varying from $300 to $1,000 per ton were considered. 

The 2,000 barrel per day retorting facility processes 
3,730 tons of oil shale averaging 25.6 gallons per ton with a 
yield of 90 percent. The capital cost for the retorting facility 
plus auxiliaries is estimated to be $82,097,600. The plant 
operation cost is $11,091,000 per year, or $16.80 per barrel, 
including administration, management, and engineering. A 
process royalty fee will probably be required, but it is uncer-
tain what this might be. For this evaluation it was assumed 
to be the same as that paid for the mineral royalty, 
$0.213 per barrel. 

The mining cost analysis resulted in a capital cost of 
$45,759,500 and an annual operation cost of $6,840,056 or 
$10.36 per barrel for mining. 

The production costs, including labor, utilities, supplies, mis-
cellaneous, and depreciated capital costs for both the mine 
and the processing facility, were calculated to total 
$3530 per barrel. 

The base case results for an asphalt sale price of $400 per 
ton and with five percent variation in selected parameters 
are shown in Table 2.

TABLE 2 

DISCOUNTED CASH FLOW RETURN 
ON INVESTMENT 

Parameter	 QQE: RQL T 

Base Case 7.421 
+5% Production 8.350 
+5% Price of Residue 8.341 
+5% Price of Distillate 7.545 
-5% Operating Cost. 7.976 
-5% Capital Cost 7.896

SYNTIIEHC FUELS REPORT, JUNE 1990 
2-16



Although there is limited potential for increasing the output 
from a 2,000 barrel per day facility, there is a much greater 
latitude for potential increases for the residue price. The 
return rate at various prices for the residue is shown graphi-
cally in Figure 1. Figure 2 shows the time required to return 
the capital investment as a function of residue price. At
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$1,000 per ton, the DCF-ROT of 25.8 percent results in a 
return of capital in 3.88 years. 

The sensitivity of rate of return to changes in capital cost is 
shown in Figure 3. 

The plant production capacity has a potentially greater rela-
tive impact than the capital or operating costs. Just a 
5 percent increase or decrease in the throughput will in-
crease or decrease the rate of return by over 12 percent 
(Figure 4).
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Summary	 these uses to not over 700 miles for power use, 500 miles for 
soil stabilization, and 50 miles for aggregates. 

The WRI study concludes that an asphalt-blend product may 
have the most economic potential for development of a 
small-scale oil shale commercial operation. 

Oil shale or spent shale may be used for power cogeneration 
with coal and for sulfur sorption. Spent shale also has a 
good potential for use as cement, road aggregate, or for soil 
stabilization. These uses can benefit a small-scale plant by 
providing an increment of additional income and reducing 
the cost of spent shale disposal. Transportation costs limit

The economic analysis of a 2,000 barrel per day shale oil 
facility shows that the operation is potentially viable, if the 
price obtained for the asphalt-blend product is in the top 
range of prices considered possible. At $700 to $1,000 per 
ton of asphalt blend the estimated DCF-ROI is about 18 to 
26 percent. This return on investment results in about a 
four- to rive-year return of capital. 
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TECHNOLOGY 

OIL SHALE WET OXIDATION PROCESS PATENTED 

United States Patent 4,891,132 issued to E.L. Czenkusch and 
assigned to Phillips Petroleum Company is titled "Oil Shale 
Wet Oxidation Process." 

The invention relates to oil shales which contain appreciable 
quantities of pyritic sulfur, such as the Devonian shales of 
the eastern United States. 

In this invention, an aqueous slurry of comminuted oil shale 
containing pyritic sulfur is contacted with an oxidizing gas at 
oxidation conditions with sufficient agitation to produce a 
product Mixture comprising treated shale solids and an 
aqueous liquid portion. After separating the solids, the liq-
uid portion is separated by a distillation operation that takes 
overhead the aqueous portion leaving a mixture of hydrocar-
bonaceous liquids and solid salts. 

In a preferred embodiment the wet oxidation process is 
carried out at conditions to produce treated shale solids that 
contain at least a portion of the original kerogen, but which 
have a reduced pyritic sulfur content. These treated shale 
solids can then be further treated for recovery of hydrocar-
bonaceous liquid. The further treatment can be by a repeti-
tion of the wet oxidation process or it can be by pyrolysis of 
the treated shale solids. Whether the further treatment is 
carried out by further wet oxidation processing or by 
pyrolysis of the treated shale solids, overall recovery of 
hydrocarbonaceous liquid will have been accomplished with 
as great success and with less expenditure of energy than 
could have been accomplished by processing the same oil 
shale solids containing pyritic sulfur by a pyrolytic process 
alone. 

Wet oxidation processes are well known. Wet oxidation 
processes have been used to remove pyritic sulfur from coal 
and other fossil fuels, but the inventor claims this is the first 
use of this process to recover hydrocarbonaceous liquid from 
oil shale. 

In general, the combination of operating conditions of tem-
perature, pressure and time of treatment that are useful in 
this invention will provide for a partial removal of the or-
ganic material in the oil shale as a hydrocarbonaceous liquid 
product and will effect a partial removal of pyritic sulfur con-
tent of the oil shale. A combination of conditions strenuous 
enough to remove all of the pyritic sulfur can result in the 
destruction of the hydrocarbon compounds that are sought 
as product. 

The temperature of the oxidation process is in a ran that that 
will support oxidation with an upper limit of about 450 F but 
is preferably in the range of 275°F to 3250F.

The oxidation is carried out at a pressure within the general 
range of 200 psig to 325 psig. 

The time period during which contact is made between an 
aqueous slurry of comminuted oil shale and an oxidizing gas 
generally falls within the range of about three to about five 
hours. It is the combination of temperature, pressure, time 
of oxidation and degree of agitation that provides the op-
timum efficiency of this process by minimizing the amount of 
kerogen that can be oxidized by a combination of processing 
conditions that is too strenuous. 

Wet oxidation is particularly effective for removal of 
hydrocarbonaceous liquid from Devonian shales such as 
those found in the eastern United States because of the rela-
tively high content of pyritic sulfur—up to six percent or more 
by weight—of these shales. To illustrate this invention an ex-
ample is provided in which hydrocarbon oil is recovered 
from Kentucky eastern shale. 

Kentucky Shale Example 

A one gallon sample of Kentucky eastern shale was ground 
until all material was -100 mesh. 

Approximately 100 grams of the -100 mesh shale was 
charged to a reactor equipped with ascarite traps for collec-
tion of CO. Thcn 600 milliliters of deionized water were 
added to the reactor. Mechanical agitation was begun. 
Steam was admitted to the reactor jacket. Oxygen was ad-
mitted at a rate of 0.5 liter per minute and the temperature 
and pressure raised to and controlled at about 300°F and 
about 300 psig respectively. Oxygen addition was continued 
for three hours after reaching reaction conditions. 

On discontinuation of the reaction the treated solids were 
separated from a liquid filtrate with repeated washing of the 
treated solids and collection of filtrate. The filtrate from the 
wet oxidation was distilled with all the water being taken 
overhead. Considerable solids were isolated during the distil-
lation and an oil was isolated from the liquid product which, 
by Fischer Assay, amounted to roughly 40 percent of the or-
ganic carbon inthe starting shale. 

Analysis of the treated solids showed that pyritic sulfur was 
essentially removed, and Fischer Assay of the treated shale 
showed no oil produced on pyrolysis. 

The results of this test show that a quantity of oil was 
liberated by the wet oxidation process with the shale heated 
only to about 300°F rather than the 1,000 017 usually required 
in pyrolysis operations. This example illustrates the recovery 
of hydrocarbon oil from oil shale by a wet oxidation process. 
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SHELL PATENTS IN SITU PROCESS, REVEALS FIELD
	 rich oil shale has an extremely low permeability. As a result, 

TESTS
	 the convective transfer of heat is limited to heating by fluid 

flows obtained in open channels which traverse the oil shale. 
United States Patent 4,886,118 issued to P. Van Meurs et al. 
and assigned to Shell Oil Company is titled 'Conductively 
Heating a Subterranean Oil Shale to Create Permeability 
and Subsequently Produce Oil." It describes a method 
whereby shale oil is produced from a subterranean interval 
of oil shale, where the interval is initially impermeable and 
contains a specified grade and thickness of oil shale. The oil 
shale interval is conductively heated from borehole interiors 
which are kept hotter than 6000C and are heated at a rate 
such that pyrolysis products first create, and then flow 
through, horizontal fractures. These horizontal fractures sub-
sequently extend into fluid-producing wells that are posi-
tioned in specified locations. 

A permeability-aided type of conductive heat drive for 
producing oil from a subterranean oil shale was invented in 
Sweden by F. Ljungstrom about 40 years ago, and was com-
mercially used on a small scale in the 1950s. In the Swedish 
process, heat injection wells and fluid producing wells were 
completed within a permeable near-surface oil shale forma-
tion so that there was less than a three-meter separation be-
tween the boreholes. The heat injection wells were equipped 
with electrical or other heating elements which were sur-
rounded by a mass of material, such as sand or cement, ar-
ranged to transmit heat into the oil shale while preventing 
any inflowing or outfiowing of fluid. In the oil shale for 
which the Swedish process was designed and tested, the per-
meability was such that, due to a continuous inflowing of 
ground water, a continuous pumping-out of water was 
needed to avoid wasting energy by evaporating that water. 

With respect to substantially impermeable, relatively deep 
and relatively thick oil shale deposits, such as those in the 
Piceance Basin in the United States, the possibility of utiliz- 
ing a conductive heating process for producing oil was previ- 
ously considered to be economically unfeasible. The 
Ljungstrom process relied on ordinary thermal diffusion for 
shale heating, which, of course, requires large temperature 
gradients. Thus, heating was very non-uniform; months were 
required to fully retort small room-size blocks of shale. 
Also, much heat energy was wasted in underheating the 
shale regions beyond the periphery of the retorting zone and 
overheating the shale closest to the heat source. The later 
problem is especially important in the case of western shales, 
since thermal energy in overheated zones, cannot be fully 
recovered by diffusion due to endothermic reactions which 
take place at about 6000C. 

In substantially impermeable types of relatively thick subter-
ranean oil shale formations, the creating and maintaining of 
a permeable zone through which the pyrolysis products can 
be flowed has been found to be a severe problem. The 
average thermal conductivity and average thermal diffusivity 
of oil shale are about those of a firebrick. Also the matrix of

Summary or the Invention 

In Shell's invention, the portion of.oil shale deposit to be 
treated is selected, on the basis of the variations with depth 
in the composition and properties of its components, to have 
properties which maintain or enhance the uniformity of the 
heat fronts so as to limit the time and energy required for 
producing oil. 

At least two wells are completed into a subterranean oil 
shale interval which is at least 100 feet thick, is capable of 
confining fluid, at process pressure, and contains a grade and 
thickness of oil shale such that the average grade in gallons 
ofoil plus gas equivalent per ton by Fischer Assay is at least 
10 and the product of the grade times the thickness in feet of 
the oil shale is at least 3,000. It is desirable for the treatment 
interval to be substantially impermeable, and to contain little 
or no mobile water. 

Wells are completed into the treatment interval with at least 
one each of heat-injecting and fluid-producing wells which 
are separated by about 20 feet, and preferably 30 feet or 
more. In each heat-injecting well, the face of the oil shale 
formation is sealed with a solid material and/or cement 
which is relatively heat conductive and fluid impermeable. 
In each fluid-producing well, fluid communication is estab-
lished between the well borehole and the oil shale formation. 
The interior of each heat-injecting well is heated to about 
600°C. 

The heat-injecting wells are heated so that relatively higher 
temperatures are applied at depths adjacent to portions of 
the oil shale deposit in which the heat conductivity is rela-
tively low. In addition, or alternatively, the effective radius 
of heat-injecting wells can be increased by creating an ex-
panded portion of the well borehole and extending heat-
conducting metal elements from within the heated well inte-
rior to near the wall of the expanded portion of the 
borehole. 

Detailed Description or the Invention 

The most similar prior process comprises the above-
described Swedish process The Swedish process was 
designed for and used in a permeable oil shale formation in 
which the rate of the transmission of heat away from the 
heat-injecting wells and toward fluid-producing wells was in-
creased by the flow of fluid through a permeable oil shale for-
mation. The possibility of applying a process based on the 
conductive heating of an impermeable oil shale was con-
sidered to be hopeless. Conductive heating was indicated to 
be too slow and too inefficient to be economically useful. 

SYNTHETIC FUELS REPORT, JUNE 1990 
2-20



Contrary to the implications of such prior teachings and 
beliefs, Shell says it has discovered that the conductive heat-
ing process is economically feasible for use even in a substan-
tially impermeable oil shale. This is not obvious, particularly 
in view of the fact that their process uses a much larger well 
spacing than that used in the Swedish process. 

Shell says it has measured the rate at which substantially im-
permeable oil shale formations are heated by conductivity, 
and has determined the amount of heat required to 
(1) pyrolyze kerogen; (2) thermally pressurize the pyrolysis 
products to pressures capable of fracturing a relatively deep 
oil shale formation; and (3) thermally displace the pyrolysis 
products through the so-created permeability. 

The data obtained by measurements in the field and in the 
laboratory were employed in calculations of power require-
ments, economics, time to start production, project duration, 
amount of production, etc., in mathematical simulations that 
correlate with the field and laboratory data. According to 
Shell, these calculations indicate that the presently defined 
process is the only shale oil production process which is 
capable of economically obtaining oil from a relatively low 
grade oil shale formation, such as one in which the Fischer 
Assay is only 15 gallons or less per ton. 

Figure 1 shows the relative rate of return for 1982 dollars in-
vested in installing and operating the new process. 

Even with respect to a 5-spot pattern in which a single fluid-
producing well is surrounded by four heat-injecting wells, 
substantially all of the intervening oil shale can be both 
retorted and made permeable. However, the invention is 
preferably employed in a series of contiguous 7- or 13-spot 
patterns—in which retorting rate is significantly increased by 
having each fluid-producing well surrounded by 6 or 
12 heat-injecting wells. 

The heating of the interior of the heat-injecting well can be 
accomplished by substantially any type of heating device, 
such as combustion and/or electrical type of heating ele-
ments, or the like. Where a combustion type heating ele-
ment is used, a gas-fired heater is preferred. An electrical 
resistance heater is particularly suitable. The resistance ele-
ments can be mounted within or external to an internal con-
duit or rod, or simply extended into the borehole. When the 
resistances are external to, or are free of a supporting ele-
ment, such as a conduit or rod, they are preferably em-
bedded in the cement which seals the face of the oil shale 
along the treatment interval. 

Oil Quality 

During the thermal conduction process, a significant fraction 
of the oil shale formation is at temperatures conducive to 
conversion of kerogen to liquid and gaseous hydrocarbon
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products. The composition of these fluids is determined by 
the temperature of the rock and by their residence time at 
high temperature (say greater than 2750C). The residence 
time of the liquid reaction products is a variable that, to a 
certain extent, can be controlled independently by pumping, 
or otherwise producing, the production wells slower or 
faster. 

An extreme example is the case of the Swedish in situ 
process as carried out in the 1940s and 1950s. The produc-
tion wells in that process application were not equipped with 
pumps, so that only hydrocarbon vapors (and steam) were 
produced to the surface. For those conditions the amount of 
produced hydrocarbon liquids was significantly reduced 
(down to about 60 percent of Fischer Assay). On the other 
hand, the quality of the produced oil was exceptionally high 
(mainly gasoline and kerosene). At the other extreme is the 
Fischer Assay determination itself. In that case the products 
are removed nearly as fast as they are generated and the 
residence time is reduced to nearly zero. The amount of oil 
thus generated is by definition 100 percent of Fischer Assay, 
but the quality of this liquid product is inferior to that of the 
liquid produced by the Swedish process. 
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In practice, says Shell, the conditions of the Fischer Assay 
test cannot be approached in an in situ process where the liq-
uid products always will be exposed for some finite time to 
high temperatures on their way to the production wells. 
Production of more than about 84 percent of Fischer Assay 
cannot be exp&ted under any condition in an in situ oil shale 
process. However, the oil production rate can be reduced to 
the point that a liquid hydrocarbon of a desired quality is 
produced, and oil in the range of about 6044 percent of Fis-
cher Assay is recovered. Shell has discovered that, in the 
present process, adjusting the quality of the produced oil to a 
desired level, and thus reducing the oil production rate, 
provides an additional advantage. By producing less oil we 
produce more gaseous hydrocarbons. In some applications it 
may be desirable to use the produced gas for the generation 
of electricity to be used for electric heaters in the injection 
wells. By proper adjustment of the oil production rate, the 
amount of gas required for running the power plant can be 
produced. 

Hypothetical Example 

A series of injection and production wells are drilled into an 
oil shale formation 750 feet in thickness with 1,000 feet of 
overburden. The average grade of the oil shale interval is 
26 gallons per ton. 

The well pattern is a 7-spot with spacing of 45 feet between 
the wells. Total production is 25,000 barrels per day 
throughout the life of the project. The injector to producer 
ratio approaches 2 to 1. In the wells, electrical heaters are 
used. 

The electrical injection rate is 10.55 X 10 6 BTU per well per 
day. The injection well temperatures reach 750 0C and the 
production wells reach a final temperature of 3000C after a 
production life of nine to ten years. Production over this 
period averages 42-43 barrels per day per well, with the 
average number of active producing wells being about 600. 
The heat consumption is 5.6 X 10 BTU per barrel of liquid 
oil produced. 

Gaseous products can be used for on-site power generation 
or other purposes and the liquid product will be higher in 
quality than conventionally retorted shale oil. The relative 
rate of return which can be expected is illustrated by the 
'Example 2' designation in Figure 1. 

Field Test Measurements 

Tests were conducted in an outcropping of an oil shale for-
mation which is typical of substantially impermeable and rela-
tively thick oil shale deposits. Thirteen boreholes were 
drilled to depths of between 20 and 40 feet and were ar-
ranged to provide a pattern of heat-injection, observation 
and fluid-production wells, with the boreholes being spaced 
about two feet apart in order to provide a relatively rapid

acquisition of data. Heat was injected at a rate of about 
300 watts per foot for five days. After the heat-injection well 
temperature had reached 4500C, a temperature fall-off test 
was run for one day 

The vertical thermal profile data were fitted to a mathemati-
cal solution describing the temperature distribution around a 
finite-length line source. 

Shell discovered that when an impermeable subterranean oil 
shale having the specified combination of grade and thick-
ness was conductively heated, a zone of permeability was 
developed between wells within the oil shale. The heated oil 
shale behaved as though it was subjected to a process for in-
ducing the formation of horizontal fractures. Such a be-
havior was not predictable, since the process is operated 
without injection of any fluid. 

Fractures which are hydraulically induced within subter-
ranean earth formations form along planes perpendicular to 
the least of the three principal compressive stresses (i.e., one 
vertical and two mutually perpendicular horizontal compres-
sive stresses) which exist within any subterranean earth for-
mation. Although hydraulic fracturá tend to be vertical, 
horizontal fractures can be formed by injecting heated fluids 
so that the walls of the vertical fractures are heated until 
they swell shut. Then, by increasing the fluid injection pres-
sure to greater than overburden pressure, a horizontal frac-
ture can be formed. Such processes for thermally inducing 
the formation of horizontal fractures by injecting externally 
heated and pressurized fluids are described in patents such 
as United States Patent 3,284,281, United States 
Patent 3,455,391, and United States Patent 3,613,785. 

When a subterranean oil shale formation is heated the oil 
shale expands as the temperature increases. When the oil 
shale temperature reaches a kerogen pyrolyzing temperature, 
additional expansion forces are generated. The kerogen is 
converted to fluids capable of occupying a larger volume 
than the kerogen, and such fluids become increasingly pres-
surized when the temperature is increased. As more fluid is 
formed and more fluid is heated, fractures are induced 
within the oil shale formation. 

It appears that when the Shell process is operated within an 
impermeable oil shale, the in situ generation and displace-
ment of heated and highly pressurized fluids occurs at the 
times and to the extents needed to successively extend and 
horizontally fracture through successive portions of the oil 
shale, when those portions become conductively heated. The 
zone being heated appears to undergo a relatively uniform, 
horizontal, radial expansion through the oil shale, at the rate 
set by the thermal conductivity of the oil shale. In each suc-
cessive location in which a kerogen pyrolyzing temperature is 
reached, fluids appear to be formed, heated and pressurized 
so that substantially any vertical fractures which are formed 
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within the heated zone are subsequently converted to 
horizontal fractures. 

Shell's tests indicated that substantially all of the fluid 
pyrolysis products of the oil shale tended to remain in or 
near the locations in which they were formed until they were 
displaced, through substantially horizontal fractures, into 
wells adjoining the heat-injecting wells. 

The data obtained by measurements in field tests confirm 
the fad that little oil was lost over the producing horizon 
through vertical fractures. In addition, observed uniformity 
in retorting efficiency through the heated zone, indicates that 
thermal fronts were approximately uniform over most of the 
heated interval. 

The uniformity of the thermal fronts is apparent in Figure 2. 
It shows horizontal temperature profiles calculated, using 
field test data, for a set of vertical heaters in a 5-spot square 
pattern. The set used in the calculations included four heat 
injectors and one center producer. each heater was assumed 
to be 80 feet long and heated at the rate of 230 watts per 
foot. 

The profiles in Figure 2 were calculated along a horizontal 
segment 1113 which extends through the mid-points of 
heaters at opposite corners of the square.

FIGURE 2 
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Such calculations indicate that by the time retorting tempera-
tures (275-3250C) are reached at the center of the pattern, 
more than 87 percent of its volume has been convened while 
only about 14 percent of the converted volume was heated to 
more than 3250C. Thus little energy would be lost by en-
dothermic carbonate decomposition. Furthermore, the cal-
culations indicate that if the power is turned off or reduced 
before the center reaches a target temperature such as 
3250C, the leveling off of the thermal fronts will still heat the 
center of the pattern to retorting temperatures and will also 
reduce the temperature rise at the heaters. This mode of 
operation can ensure that less than 10 percent of the heated 
volume is heated to more than 3250C. 

Thus Shell's test results and calculations show that, contrary 
to prior teachings and beliefs, the initial impermeability of 
an oil shale deposit can be utilized as an advantage. The ini-
tial impermeability confines the fluids and fractures within 
the well pattern, since no permeability exists until the zone 
between the heat-injecting and fluid-producing wells be-
comes permeated by a pattern of heat-induced horizontal 
fractures.

fl's 

KEROCEN PYROLYSIS MECHANISMS ELUCIDATED 

At Western Research Institute (Will), the pyrolysis behavior 
of 10 oil shales from seven foreign and three domestic 
deposits have been studied by combining solid-Mate and 
liquid-state NMR measurements with material balance Fis-
cher Assay data. As explained by Will's F.P. Mlknis at the 
Twenty-Third Oil Shale Symposium, this technique made it 
possible to determine the extent to which aliphatic carbon 
compounds are converted to aromatic compounds duri ng 
retorting. 

The single most important item of information about an oil 
shale is of course its potential to produce oil during heating. 
The Fischer Assay is the traditional method for determining 
the oil potential of an oil shale. The Fischer Assay is strictly 
a specification test and, as such, does not provide any infor-
mation about the quantity or quality of the organic matter 
(kerogen) in the shale. Thus, says Mlknis, it is essentially a 
black box from which oil and gas products evolve from the 
application of heat. Thus, for example, if two oil shales yield 
10 and 20 weight percent oil by Fischer Assay there is no way 
to determine whether this difference is due to differences in 
quantity (amount) or quality (carbon structure) of the 
kerogen in the two shales. 

The importance of kerogen structure on the conversion be-



havior of oil shale becomes apparent when the conversion 
behavior of oil shales from different deposits, geologic ages, 
and depositional environments are compared. This is il
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lustrated in Figure 1 for a Green River Formation oil shale 
from Colorado and a New Albany oil shale from Kentucky. 
For the Colorado oil shale, 62 out of 100 carbon atoms are 
convened to oil, compared to only 35 for the Kentucky oil 
shale. Clearly, the structure of the kerogen is an important 
factor in the conversion behavior of oil shales. However, it 
has only been during the last decade, because of the develop-
ment of solid-state nuclear magnetic resonance (NMR) tech-
niques, that the aliphatic/aromatic carbon distribution in oil 
shale kerogens can be measured. The combined use of the 
material balance Fischer Assay and solid-state NMR 
measurements makes it possible to. study the effects of 
kerogen structure on the conversion behavior of oil shales. 

Material balance Fischer Assay and carbon conversion 
results for the shales studied are reported in Table 1. As 
seen in Table 1, most of the raw shales had roughly similar 
percentages of aliphatic carbon. 

Fischer Assay oil yields ranged from a high of 58 weight per-
cent (156 gallons per ton) to a low of 2.4 weight percent 
(7 gallons per ton) (Figure 2). The Alaskan and Turkish- 
Goynuk oil shales both had Fischer Assay oil yields in excess 
of 100 gallons per ton. The remaining oil shales had oil 
yields ranging from 7 to 32 gallons per ton, which is a more 
typical range. Fischer Assay conversion data are sum-
marized in Figure 3. 

Despite the apparent variations of oil yields for shales with 
similar aliphatic carbon contents, the carbon content of the 
oils correlates linearly with the raw shale aliphatic carbon 
contents over a large range of carbon contents (Figure 4).

FIGURE 1 
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TABLE 1

MATERIAL BALANCE FISCHER ASSAY RESULTS 

Fisher Assay, Wt.% Carbon. Conversion % Raw Shale 
Spent I Aliphatic 

Oil Shale Oil Gas Shale Oil Gas Residue Carbon, % 

Alaska 58.00 8.83 26.66 78.2 7.9 13.9 82 
Australia-Stuart 11.65 3.03 75.77 47.7 6.3 46.0 67 
Brazil-Irati 11.14 2.29 8332 53.9 4.8 413 56 
China-Fushun 8.01 2.29 83.98 52.7 7.7 39.6 56 
China-Maoming 7.71 2.70 83.11 43.8 7.7 48.5 58 
Colorado-Anvil Pis 12.19 1.59 84.94 66.0 4.8 29.2 65 
Kentucky-Sunbury 5.31 2.76 88.08 27.9 6.4 65.7 50 
Morocco-Tintandit 4.57 1.88 90.71 43.8 6.9 493 57 
Turkey-Goynuk 39.16 9.02 41.87 58.1 6.3 35.6 65 
Turkey-Seyitomer 2.41 1.51 88.67 38.7 11.4 49.9 64
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FIGURE 2 
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The aromatic carbon content of the spent shale also corre-
lates with the raw shale aromatic carbon content. Thus, says 
Mlknis, the aromatic and aliphatic carbon contents can be 
used to predict some of their conversion behavior. 

During pyrolysis, there is an increase in the amount of 
aromatic carbon in the products (oil plus residue) over that

FIGURE 4 
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in the original shale. This increase is produced at the ex-
pense of aliphatic carbon moieties, which produce aromatic 
carbon either by dehydrogenation of hydroaromatic struc-
tures or by ring closure of alkyl groups followed by 
dehydrogenation. 

The carbon balance Fischer Assay data are summarized in 
Table 2 for the set of 10 shales. The carbon data are normal-
ized on the basis of 100 carbon atoms. Table 2 shows that 
the Kentucky, Morocco, and Turkey-Seyitomer oil shales 
show the greatest percentage decrease in aliphatic carbons. 
These shales also show the lowest carbon conversions to oil 
and the highest carbon conversions to residue. 

The implication of these observations is that coking 
(aromatization) reactions are more prevalent in the Ken-
tucky, Morocco, and Turkey-Seyitomer shales. However, it 
cannot always be established to what extent these reactions 
occur in the solid or liquid state. For the Alaska shale, the 
net effect of the aromatization reactions is to produce 
aromatic oil because the number of aromatic carbons in the 
raw shale (16) is not sufficient to account for the number of 
aromatic carbons in the oil (25). For the rest of the shales, 
the number of aromatic carbons in the shale oil is substan-
tially less than the number of aromatic carbons in the raw 
shale. In the case of the Kentucky shale, the number of 
aromatic carbons in the raw shale (49) is not sufficient to ac-
count for the number of aromatic carbons in the residue

- 
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TABLE 2 

SUMMARY OF NMR CONVERSION DATA FOR 10 OIL 5114115 

Residue 
Number of Carbons Number of Decrease in Increase in Aromatic Carbon 

in Raw Shale Carbons Aliphatic Aromatic Raw Shale 
Oil Shale Aliohatic Aromatic 1&romatized Carbons. 7! Carbons, % Aromatic Carbon 

Alaska 82 16 22 26.8 137.5 0.813 
Australia-Stuart 67 30 17 25.4 56.7 1.067 
Brazil-Irati 56 43 •	 8 143 18.6 0.744 
China-Fushun 57 40 0 0 0 0.700 
China-Maoming 58 39 12 20.7 30.8 0.974 
Colorado-Anvil Pts 65 34 6 9.2 17.6 0.618 
Kentucky-Sunbury 50 49 21 42.0 42.9 1.143 
Morocco-Timandit 57 40 18 31.6 45.0 0.975 
Turkey-Goynuk 65 32 17 26.2 53.1 0.938 
Turkey-Seyitomer 64 31 18 28.1 58.1 1.161

(56). Therefore, at least seven of the raw shale aliphatic car-
bons formed aromatic carbons in the residue. 

The WRI data suggest that the shales can be divided into 
three groups with regard to coking tendency, based on the 
ratio of residue aromatic carbon to raw shale aromatic car-
bon. Thus, the coking tendency is Australia, Kentucky, 
Turkey-Seftomer> China-Maomin& Morocco, Turkey-
Goynuk> Alaska, Brazil, China-Fushun, Colorado. 

Mlknis concludes that during pyrolysis of oil shale in an 
autogenous atmosphere there is a net increase in the amount 
of aromatic carbons in the products over that found in the 
starting material. The increase in aromatic carbon is caused 
by aromatization reactions of the aliphatic moieties in the 
material. Aromatization reactions are precursors for coke 
formation. Whether the aromatization reactions occur 
predominantly from the starting material or from reaction 
intermediates, affects the conversion behavior. The amount 
of aliphatic carbon that aromatized during Fischer Assay 
ranged from zero to 42 percent for the 10 shales. Shales 
having the lowest Fischer Assay conversions to oil showed 
the highest extent of aromatization. 

fl##

SHALE OIL USE AS ASPHALT RECYCLING AGENT 
DEMONSTRATED 

Western Research Institute (WRI) has been carrying out a 
research program to examine the use of residual materials 
from both eastern and western shale oils as recycling agents 
for asphalt pavement. The program was explained at the oil 
shale and tar sand contractor's coordination meeting held at 
Morgantown Energy Technology Center in April. 

The shale oil-derived recycling agents were prepared by distil-
lation of shale oils that were produced by an inclined 
fluidized bed (IFB) process. The recycling agent produced 
from western shale oil appears to be effective as a recycling 
agent when compared with a commercially available recy-
cling agent. However, the eastern shale oil distillation 
residuum that met the volatility requirements for a recycling 
agent had a surprisingly high viscosity. In fact, WRI charac-
terized it as a glass" that is fracturable at ambient tempera-
ture rather than as a viscous fluid needed for recycling. 
Therefore, the eastern shale oil residuum was examined as a 
viscosity building agent with the presumption that it may be 
useful in combination with asphalts that are very soft and/or 
asphalts that do not increase in viscosity sufficiently during 
processing (i.e., asphalts that do not set) to be useful in road 
construction.
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Background 

During the past 15 years, there has been increasing pressure 
to recycle aged and used asphalt pavement materials. There 
are several reasons why recycling has increased in practice. 
One reason is it avoids the waste of petroleum resources. 
Another reason is it avoids contamination of groundwater by 
leaching of discarded pavement material that is commonly 
buried. A third reason is to reduce the cost of reconstruc-
tion. The use of all new materials is significantly more expen-
sive than reconstruction of roadways by recycling the used 
pavement. Significant amounts of legislation at all levels of 
government now exist to require the reuse of pavement for 
these reasons. 

When the practice of recycling pavement began to be some-
what commonplace, the market was flooded with materials 
that were advertised to be effective recycling agents. Unfor-
tunately, few had been tested and many disastrous ex-
periences using recycling agents occurred. As a result, high-
way construction personnel became wary of "snake oils" of-
fered as recycling agents. Today, sound scientific data on 
new materials is necessary before highway departments will 
consider them for recycling applications. 

Recycling Experiments with Western Shale Oil 

Four petroleum asphalts used in the recycle study with the 
western shale oil residuum were from different crude 
sources: Boscan, Wyoming Sour, Mid-Continent, and Rocky 
Mountain.

The two soft asphalts used in the blending study with the 
eastern shale oil residuum were an East Coast and an east 
Texas-Mexican-South American blend. 

A commercial recycling agent used for comparison in the 
recycle study was Paxole 1009. 

The thin-film accelerated-aging test (I'FAAl) was used to 
artificially age the asphalt samples. 

After recycling the aged asphalts to the original viscosities, 
all were then reaged by the TFAAT method. The viscosities 
of reaged materials were determined and the respective 
aging indices (aged viscosity divided by initial viscosity) were 
calculated. Results are listed in Table 1. The aging index 
values for the asphalts recycled with the western shale oil 
residuum vary from 329 to 548, whereas the aging index 
values for the same asphalts recycled with Paxole 1009 range 
from 26 to 42. Typically, a low aging index is desirable, but a 
very low aging index indicates that the asphalt will not set 
properly. The results using Paxole are relatively low, 
whereas the results from use of shale oil residuum are some-
what high. This portion of the study suggests that Paxole is 
the preferred recycling agent. 

Separately, the recycled asphalts were used to prepare 
32 asphalt-aggregate briquettes for water susceptibility test-
ing (WST). The aggregates used for the briquettes were 
Teton granite and Wyoming limestone. The results are 
shown in Table 2. The briquettes made from asphalts 
recycled with Paxole and Teton granite showed less 

TABLE 1 

RHEOLOGICAL CHARACTERISTICS OF UNAGED AND 
TFAAT-AGED PETROLEUM ASPHALTS RECYCLED WITH 

WESTERN SHALE OIL RESIDUE (WSO) AND PAXOLE 1009

Dynamic Viscosity, 
It LGOE voise Aging 

Sample Una2ed Aged Index 

Wyoming Sour +29% WSO+700°F 1.04 x 103 3.83 x 10 366.5 
Wyoming Sour + 18% Paxole 1009 9.85 x 102 2.84 x 104 28.8 
Boscan+33% WSO+700°F 8.94 x io 3.40 x 10 380.3 
Boscan+22% Paxole 1009 9.93 x 102 4.19 x 10 42.2 
Mid-Continent+30% WSO+700°F 8.57x 102 4.70x 10 548.4 
Mid-Continent + 19% Paxole 1009 1.04x 10 3.40x 10 32.5 
Rocky Mountain +25% WSO+700°F 2.13x 103 7.02x 10 328.8 
Rocky Mountain + 15% Paxole 1009 2.04 x 10 5.33 x 104 26.1

- 
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TABLE 2 

WATER SUSCEP11BILI1YTES1'S OF PETROLEUM ASPHALTS 
RECYCLED WITH WESTERN SHALE OIL AND PAXOLE 1009 

Cycles to Failurea 
Sample	 Wyomina Limestone Teton Granite 

Wyoming Sour + 29% WSO + 700°F >50 2,3 broke 
Wyoming Sour+18% Paxole 1009 29,32 1,1 broke 
Boscan+33% WSO+700°F >50 1,1 broke 
Boscan+22% Paxole 1009 14,16 1,1 broke 
Mid-Continent +30% WSO+700°F >50 1,1 broke 
Mid-Continent+19% Paxole 1009 12,12 1,1 crumbled 
Rocky Mountain +25% WSO+700°F >50 2,2 broke 
Rocky Mountain +15% Paxole 1009 19,22 1,1 crumbled

'Numbers listed indicate cycles of duplicate briquets 

resistance to moisture damage than the briquettes made 
from shale oil recycled asphalt and Teton granite. The bri-
quettes made from Mid-Continent and Rocky Mountain as-
phalts with Paxole crumbled on the first cycle, whereas the 
briquettes containing shale oil residuum and the same two 
asphalts only broke after one or two cycles, respectively. The 
briquettes prepared from Wyoming Sour with Paxole lasted 
only one cycle and broke compared with the briquettes made 
with shale oil residuum that survived two to three cycles. All 
briquettes prepared with the recycled Boscan asphalt broke 
after one cycle. The data using Wyoming limestone show 
more distinction. The range of cycles to failure for Paxole-
containing briquettes was 12-29, whereas all briquettes con-
taming shale oil residuum exceeded 50 cycles. These data 
show that the shale oil residuum is a superior recycling agent 
with respect to the major problem of water sensitivity. 

Experiments with Eastern Shale Oil 

The eastern shale oil residuum was examined as an asphalt 
viscosity builder. The residuum was mixed in various propor-
tions with an East Coast AC-2.5 asphalt and with an east 
Texas-Mexican-South American blend AC-5 asphalt. 
Figure 1 shows that small amounts of this unusual material 
raised the viscosity of the starting asphalt. Blending of 
petroleum asphalts typically results in a linear relationship 
between the logarithm of viscosity and concentration. As 
seen in Figure 1 the eastern shale oil distillation residuum 
shows a negative deviation from the usual log viscosity-
concentration relationship. This suggests that an eastern 
shale oil produced by more severe conditions, in

FIGURE 1 
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which the molecular weight distribution is lower, may well be 
an acceptable recycling agent.

aging, but superior to the commercial agent with respect to 
moisture damage resistance. 

Summary 

WRI concludes that the western shale oil distillation 
residuum functions as a recycling agent for aged asphalt. It 
is inferior to a commercial agent with respect to further

It appears that the chemistry of the eastern shale oil distilla-
tion residuum is appropriate for asphalt recycling, but that 
the inclined fluidized bed process produces a material that 
has a viscosity that is too high to be useful. 
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INTERNATIONAL 

RESEARCH AND PRODUCTIVITY COUNCIL TESTS 
TWO NEW BRUNSWICK OIL SHALES 

A recent report from the Research and Productivity Council 
(RPC) of New Brunswick, Canada describes work carried 
out to evaluate two oil shale samples. 

The oil shale deposits of the Albert Formation in the 
Moncton Subbasin, New Brunswick, are considered to be 
Canada's largest and highest grade oil shale reserves. The 
highest grade beds are contained in the Albert Mines zone, 
with oil yields averaging 20 gallons per ton in the high grade 
areas. The Albert Mines zone contains an estimated 
270 million barrels of in situ shale oil reserves in an area of 
2.6 square kilometers to a depth of 600 meters. 

The RPC believes the viability of New Brunswick oil shale 
would improve if it were utilized with other fossil fuel 
resources such as high sulfur New Brunswick coal. For this 
reason one of the concepts under investigation is the pos-
sibility of adding a retort to the circulating fluidized bed 
(CFB) unit of N.B. Power, located in Chatham, New 
Brunswick. In this concept the shale is to be retorted fol-
lowed by injection of the spent shale into the CFB unit. This 
would optimize resource utilization and could effect environ-
mental and economic advantages. Previous test work at 
RPC has shown spent shale to be an effective sorbent for cap-
turing sulfur from burning high sulfur coals. 

Shale Characterization 

The two bulk samples analyzed represent the Albert Mines 
Zone (high grade) and the Dolomite Marlstone Zone (lower 
grade) oil shales from the Canadian Occidental Petroleum 
Ltd. lease at Albert Mines in southeastern New Brunswick. 
The physical appearances of the two shales are quite dif- 
ferent. The Albert Mines shale is microlaminated and fissile 
while the Dolomite Marlstone shale is more massive and 
competent and less thinly laminated. 

Chemical analysis and Fischer Assay tests were carried out 
and the results are shown in Table 1. 

The Alberta Mines sample used in this test contained 
32.4 imperial gallons per ton. In all the previous work 
carried out at RPC, this sample represents the highest oil 
yield yet recorded. Most previous samples from the Albert 
Mines had an oil content in the vicinity of 20 imperial gallons 
per ton. This sample also has very high calcium content 
which can be used to capture sulfur from the burning of high 
sulfur coals. 

Upon the startup of the RPC vertical kiln test system, two 
test runs each of 24 hours duration were carried out. A sum-

TABLE 1 

CHEMICAL AND PHYSICAL PROPERTIES OF
TWO NEW BRUNSWICK SHALE SAMPLES 

Determination Albert Dolomite 

Moisture, % 0.62 0.61 
Carbon, % 20.61 10.51 
Hydrogen, % 2.70 1.49 
Nitrogen, % 0.50 0.47 
Sulphur, % 0.94 0.90 
Loss on Ignition, % 27.67 18.52 
Ash Analysis, %: 

SiO 44.12 48.28 
Al263 7.98 11.98 
CaO 11.22 5.26 
Fe 03 3.48 5.49 
K.,b 1.10 1.90 
M'gO 2.18 2.65 
MnO 0.07 0.10 
Na20 1.16 1.61 

Fischer Assay. 
Oil Yield, % 14.2 4.8 
Water Yield, % 1.2 1.5 
Gas Lost, % 1.9 14 
Oil Density, g/ml @ 15.50C 0.8729 0.8725 
Oil Yield Imp. gal/ton (Short) 32.4 10.9 
Oil Yield Imp. 1/ton (Metric) 162.4 54.6 

Heating Valve, fl/kg 7999.0 3685.2 
Bulk Density, g/cm 1.21 1.36

mary of the experimental conditions and results are shown in 
Table 2. Note the high oil recoveries, particularly for the 
Dolomite Marlstone Zone shale. 

Product Oils 

For each shale, the analysis of a composite sample is shown 
in Table 3. The two oils have low carbon contents indicating 
a high concentration of ash resulting from dust contamina-
tion. 

New Brunswick shale oil, like all other shale oils, contains 
higher amounts of heteroatoms and is deficient in hydrogen 
when compared to conventional crude, such as Saudi 
Arabian. New Brunswick shale oil contains less sulfur than 
Saudi crude, however. The heteroatoms must be reduced by 
hydrotreating prior to treatment of the oil in a conventional 
refinery.
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A.P.I. 
Specific Gravity @ 15.50C 
Viscosity Cst @ 400C 
Viscosity Cst @ 1009C 
Pour Point,°C 
Solid, % 
Carbon, % 
Hydrogen, % 
H/C Ratio 
Nitrogen, % 
Sulphur, % 
Heating Value, 1(1/kg

23.91
	

22.67 
0.9105
	

0.9178 
27.33
	

30.18 
4.48
	

4.59 
183
	

10.0 
88.13
	

87.58 
85.98
	

85.76 
11.47
	

11.57 
1.60
	

1.62 
1.13	 131 
0.70	 0.56 

42,500	 42,370 

TABLE 2 

SUMMARY OF OPERATING coNDmoNs
AND RESULTS

Albert	 Dolomite 

Shale Feed Rate, Kg/hr 20 20 
Average Bed Height, m 2.59 2.69 
Shale Residence Time, hr 7.47 8.72 
Net Product Gas, Kg/hr 236 2.27 
Total Recycle Gas, Kg/hr 58.8 55.4 
Recycled Gas to Middle, % 74 74 
Recycled Gas to Bottom, % 26 26 
Temperature of Middle Recycle,°C 581 596 
Air Feed Rate, Kg/hr 2.22 1.98 
Oil Recovery, % of Fischer Assay 101.2 134.5

TABLE 3

NEW BRUNSWICK SHALE OIL ANALYSIS 

Analysis	 Albert	 Dolomite

of 1830C and 10°C is lower than that of Green River oil at 
24°C. 

The boiling characteristics of the two samples are plotted 
with those obtained from earlier test work carried out at 
RPC and with other synthetic and natural crudes as shown in 
Figure 1 (next page). New Brunswick shale oils from this 
study and those from an earlier study, curves 8 and 9 and 3 
and 4, respectively, have similar boiling characteristics to the 
Green River shale oil (curve 5) up to 2500C. Beyond this 
point there are differences in the boiling temperatures of 
these oils with New Brunswick shale oils boiling at lower tem-
peratures. For New Brunswick shale oils the differences be-
tween the present and previous results could be attributed to 
the fact that the oil recovery in the present study was much 
higher than was achieved earlier (101.2 percent for the Al-
bert Mines shale as compared to 88.6 percent for the previ-
ous indirect retorting mode results) and consequently the 
oils from the present study have a higher boiling range. 

Conclusions 

The main conclusions of the RPC study are: 

New Brunswick oil shales can be retorted effi-
ciently using RPC's pilot scale retort. The oil yields 
achieved for the Albert and Dolomite shales were 
101.2 and 134.5 percent of the Fischer Assay, 
respectively. 

The API gravity of the product oils from the latest study is 
slightly lower than the earlier results, which could be due to 
the fact the oil recoveries in this study were much higher 
than the previous results (101.2 percent for the Albert Mines 
shale as compared to 88.6 percent for the previous indirect 
retorting mode results). Nevertheless, New Brunswick shale 
oil is still lighter than Green River shale oil. Its pour point

- For the high grade Albert Mines shale, high ther-
mal energy recovery of 70 percent was achieved. 
The corresponding value for the lower grade 
Dolomite shale was 60 percent. 

New Brunswick shale oil is lighter and contains less 
heteroatoms than Green River shale oil produced 
by the Paraho indirect retorting process. 

New Brunswick shale oil will require hydrotreating 
before it can be used in a conventional refinery. 
Upon upgrading, however, it would be a suitable 
feedstock for the production of gasoline, kerosene, 
jet and diesel fuels. 

The heating values of the spent shale were low, 
varying between 729 and 875 kilojoules per 
kilogram. The spent shale from the Albert Mines 
shale contains a high concentration of calcium 
which could be used to capture sulfur from burning 
high sulfur coals. 
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AUSTRALIAN SHALE OIL MAKES ACCEPTABLE FCC 
BLENDSTOCK 

Southern Pacific Petroleum NL (SW) of Sydney, Australia 
intends to develop a viable oil shale industry in liquid-fuel-
deficient Australia. Because putting shale oil into the exist-
ing Australian oil refining system might be expected to cause 
problems, SPP has been investigating refining options. 
These options were discussed by J. Schmidt at the Oil Sands 
2000 conference sponsored by the Alberta Oil Sands Technol-
ogy and Research Authority (AOSTRA) in March. SPP 
plans to use the AOSTRA-developed Taciuk Processor 
(ATP) for retorting. 

The overall SPP development plan includes three stages, 
commencing with a low capital cost, semi-commercial plant 
at 6,000 tonnes per day of high grade shale feed producing 
4,250 barrels per day of oil. 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 inter-
mediate grade will be constructed. Stage three is a replica-
tion step with five 25,000 ton per day units producing 
60,000 barrels per day of syncrude from average grade shale, 
or approximately 15 percent of the projected Australian oil 
import requirement in the year 2000. 

The product oil from the ATP is a full ranged thermally 
cracked oil with characteristic low viscosity and low density. 
The cut point of 5100C + for the heavy ends, represents a sig-
nificant step in the development of oil shale retorting tech-
nology, says Schmidt. Results from test runs indicated that 
the fractionator bottoms which contain the shale ash fines 
from the retort, could be returned to the retorting zone 
without appreciable yield loss. Recycling the bottoms has 
the added benefits of minimizing the handling , of residues 
and avoiding the necessity to separate solids from heavy oils 
with the attendant tailing ponds and their environmental 
problems. 

The Stuart shale is composed of clays, with the major 
minerals being smectites and kaolinite, and does not undergo 
any appreciable size change during retorting. The resultant 
shale ash (partially combusted spent shale from the retort 
with approximately five percent weight carbon) has an 'open 
pore structure with a surface area of 40 square meters per 
gram, which compares with typical petroleum cracking 
catalysts at 150-200 square meters per gram. 

Therefore the effect of spraying the residue onto the shale 
ash bed in the retorting zone is analogous to that achieved 
by catalytic cracking with a slight reduction in density of the 
whole oil product. In addition there is a beneficial reduction 
in metal, principally arsenic, and nitrogen content of the 
product as their concentrations tend to rise sharply in the 
vacuum resid.

Shale Oil Upgrading 

The raw shale oil will need pretreatment before it can be 
processed by Australian refining plants. Therefore, SW's 
aim in the Stuart development is to undertake minimum 
upgrading of shale oils on site, in order to provide a 
marketable feedstock without duplicating the processing 
plant in existing refineries. 

Because any Australian shale oil products used in the produc-
tion of gasoline will not be eligible for an excise tax exemp-
tion from the federal government, the first plant must 
produce a naphtha cut suitable as a refinery feedstock. 

A number of hydrotreating studies were undertaken on typi-
cal cuts of shale oil. These studies included investigations of 
the conditions required to hydrotreat Stuart shale naphtha to 
catalytic reformer feedstock quality, coprocessing of blends 
of Stuart shale oil and petroleum gas oil cuts, and hydrotreat-
ing of the whole oil. 

Naphtha Hydrotreating 

Shale naphtha contains high quantities of nitrogen, sulfur 
and has high bromine and diene numbers together with 
some low levels of metal contamination. The procedures 
adopted in hydrotreating shale naphtha need to be specific 
to the feed properties, as different retorting technologies 
tend to produce variations, and the required product quality. 
In this case the product quality must match gasoline 
reformer feedstock which demands sulfur and nitrogen con 
centrations below one ppm weight. 

The steps in the hydrotreating process include metals 
removal, saturation of dienes and olefins followed by deep 
denitrification and desulfurization. 

During a set of test runs to determine favorable hydrotreat-
ing conditions for design, Stuart shale naphtha was success-
fully hydrotreated to gasoline reformer quality, using com-
mercial catalysts and moderate pressures. The hydrogenated 
product (Table I) reflects the paraffinic nature of the Stuart 
shale kerogen with over 60 weight percent paraffins, and ap-
proximately 20 percent weight of both naphthenes and 
aromatics. The level of aromatic saturation varied with 
space velocity and temperature. 

Hydrotreating or Mid-Distillates 

A series of fixed-bed hydrotreating tests were made to study 
the hydroprocessing performance of raw shale oils and shale 
oil/petroleum blends. 

The proj,erties of the hydrotreated product made with the 
176-343 C shale oil produced under ATP heavy oil recycle 
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TABLE 1 

SHALE NAPHTHA COMPARISON WITH CIPPSL4NI) CRUDE 

Shale Hydrotreated 
Property Naphtha Ginosland Shale Naphtha 

Boiling Range °C 0-177 20-190 C4-177 
Yield on Crude Vol.% 35.0 393 
Specific Gravity @ 150C 0.777 0.732 0.73 

'API 50.6 61.6 623 
Elemental Analysis, Wt.% Carbon 84.90 

Hydrogen 12.82 
Nitrogen (ppm) 0.65 (<1) 
Sulphur (ppm) 035 0113 (<1) 
Oxygen/Water 1.28 

PONA, Wt.% (Vol.%) Paraffins 25.6 59.1 60.5 
Olefins 32.6 0 0.5 
Naphthenes 13.0 32.5 20.0 
Aromatics 22.0 8.4 17.0

blended at 10 percent with Australian FCC Light Cycle Oil 
(LCO) are shown in Table 2. Also shown in the table are 
the products from hydrotreating tests made with neat Arab 
Light Gas Oil (LGO) and Australian FCC LCO. 

Of most importance is the similarity in product composition 
for the low level addition of shale oil to the petroleum feed 
to a LCO/LGO hydrotreater. 

Coprocessed Shale OiI/Glppsland FCC 

The heavy oil fractions of Stuart shale oil were subjected to 
fluid catalytic cracking (FCC) in order to assess the quality 
of the resultant FCC gasolines. Tests were made with 
10 percent and 20 percent shale oil blended with Gippsland 
atmospheric resid. 

Thermal stability of the products was monitored by observ-
ing certain key physical properties, namely, ASTM color and 
sediment formation, during 90-day storage in air at 430C 
storage temperature. Tests were made with and without the 
use of anti-oxidant inhibitors. For all of the tests made, sedi-
ment never exceeded more than 5 milligrams per 100 mil-
liliter sample. 

Whole Oil Hydrotreatlng 

Shale heavy gas oil from the second stage of hydrotreating 
was found to represent a good FCC feed with nitrogen and 
metals below design limitations. Similarly the diesel cut with

high cetane number and low nitrogen was an ideal base for 
transportation fuel. 

However, problems arise with the lighter fractions when the 
whole shale oil is hydrotreated, says Schmidt. Nitrogen 
levels in the product naphtha are on the order of 200 ppm, 
which, without further hydrotreating, renders it unacceptable 
for gasoline reformer feed. Kerosene is similarly unaccep-
table with nitrogen and aromatic levels above standards. If 
one then pushes the severity of the hydrotreater, major im-
provements in naphtha and kerosene properties are 
achieved, but at significant cost penalties, both capital and 
operating due to a requirement for more catalyst, higher 
pressures, increased hydrogen consumption, and quality give-
away in heavier products. 

Compatibility and Stability of Whole Shale Oil 

Compatibility tests were conducted with a 30 percent shale 
oil and 70 percent mixture of typical petroleum crudes, repre-
sentative of those used by probable downstream processors. 

Shale oil was shown to be sufficiently compatible with the 
petroleum crudes used in the study to allow mixing, storage 
and transportation of these products without adverse effects. 

Conclusions 

Schmidt says test programs have shown that the full range of 
shale oil products retorted from various Australian Tertiary 

SYN1IIETIC FUELS REPORT, JUNE 1990 
2-34



TABLE 2 

PROPERTIES FOR HYDRO1'REATED FCC PRODUCTS 

Product Properties	 Mixed Aust. FCC LGO Arab LGO 

API Gravity 30.8 30.2 36.6 
Specific Gravity @ 15°C 0.872 0.875 0.842 
Wt.% Hydrogen 12.44 12.70 13.94 
Wt.% Sulphur 0.01 0.01 0.05 
Nitrogen, ppm 96 59 53 
50% TBP Point,°C 226 287 307 
Watson "K" Factor 11.45 11.42 11.97

Mixed = 10% shale oil plus 90% Australian FCC light cycle oil. 

oil shale deposits can be successfully hydrotreated using corn- 	 content of water soluble sulfides in the retorting residue 
mercially available catalysts to provide high quality feeds.	 (0.16-0.18 percent). 

Coprocessing of shale oil up to approximately 20 percent 
weight with petroleum gas oil fractions as FCC feedstock 
was successfully demonstrated, with product properties 
similar to that derived from the crude based blendstock. 

The compatibility tests indicate that coprocessing/processing 
of shale oil syncrude should not cause major problems for 
Australian refiners.

flit 

SULFIDES IN SPENT SHALE CONTROLLED BY 
RETORT CONDITIONS 

An article by V.M. Yefimov et al., in the journal Oil Shale, 
published by the Estonian and USSR Academies of Science, 
shows that the content of water soluble sulfides in the spent 
shale from retorting kukersite (Estonian oil shale) depends 
primarily on the degree of decomposition of the carbonates 
present in the shale mineral part. In 1,000 ton per day gener-
ators (vertical kiln retorts) the decomposition of carbonates 
is strongly influenced by the operation of the retort side bur-
ners. If the generator is operated under design conditions, 
i.e., with the side burners in operation, the degree of decom-
position does not exceed 20-25 percent, and the content of 
the sulfur present in spent shale as water soluble sulfides is 
as low as 0.04-0.06 percent. But if the unit is operated with 
side burners shut down, the level of carbonates decomposi-
tion increases to 30-40 percent, leading to an increase in the

The content of water soluble sulfides in spent shale also 
depends on the retort throughput rate.. A slight increase (to 
1,100 tons per day of oil shale) in throughput under the 
design operating conditions resulted in the reduction of the 
water soluble sulfide sulfur content in the spent shale to a 
minimum of 0.01-0.02 percent. 

Yefimov et al. suggest that a substantial increase in the 
recycle gas injected into the cooling zone (to 130-150 cubic 
meters per ton of shale) with some amount of air added 
(30-50 cubic meters per ton of shale) should also lead to a 
further reduction of water soluble sulfides in the spent shale 
discharged from the retort. It is expected that such measures 
would make it possible tocompletely avoid the formation of 
water soluble calcium monosulfide in spent shale. 

flit 

ESTONIAN OIL SHALE ASH FINDS EXTENSIVE USE AS 
FERTILIZER 

Oil shale ash, the residue after oil shale is burned in thermal 
power plants, finds extensive use in the Soviet Union. Writ-
ing in the Russian language journal 211 Shale, I.P. Opik has 
described the utilization of shale (kukersite) ash in Estonia. 

Ash Quality Requirements 

Opik notes that the amount of mineral matter in the shale, 
as well as the type of mineral matter (siliceous, aluminous or 
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carbonaceous) and the content of sulfur, chlorine, phos-
phorus, rare and heavy metals, etc., determine jointly with 
the thermal processing and waste handling technologies, the 
properties of the resulting shale ash. For ash types for which 
there is little demand, the wastes stored (buried) in ash 
dumps, lagoons or other disposal areas should cause no risk 
to the environment. The solid wastes for which demand ex-
ists should be produced with qualities to ensure their com-
plete utilization in industry, civil engineering and agriculture. 

The most complicated problem, says Opik, is the safe dis-
posal and reclamation of disposal areas for wastes which are 
not completely oxidized by thermal processing and which 
therefore contain carbon, water-soluble sulfides, car-
cinogenic polycyclic aromatic hydrocarbons, phenols and 
other products of pyrolysis. 

Combustion Ashes 

The main technology of combustion of oil shale in Estonian 
power stations is pulverized fuel combustion. About 60 to 
80 percent of the resulting ash is carried out of the furnace 
as fly-ash. The fly-ash is ordinarily precipitated in cyclones 
and electrostatic precipitators. 

The remainding ash falls to the bottom of the furnace as a 
coarser material known as furnace bottom ash. 

Pulverized oil shale is injected into the furnace in a stream of 
hot air where it is burned instantaneously at temperatures of 
1,500 to 1,75001C As a result, the shale minerals undergo 
various chemical conversions to clinker minerals and to plas-
tic, liquid and volatilized stages depending on temperature, 
fineness of grinding and retention periods within zones with 
different temperatures and gaseous atmospheres in the fur-
nace. 

The different points of ash collection are illustrated in 
Figure 1 for a typical 100 megawatt boiler unit burning pul-
verized oil shale. The boiler is equipped with a cyclone and 
four field electrostatic precipitators installed in succession. 

It has been found that the finest fractions of the fly-ash are 
concentrated with aluminium, silica and alkali metals (arising 
from fine-grained clay minerals) and impoverished in cal-
cium and magnesium. A relatively higher concentration of 
potassium in the finest ash is interpreted as a result of ther-
mal destruction of clay minerals in the furnace with volatiliz-
ing of potassium. High concentrations of calcium occur in 
the coarser limestone particles. 

The calcium-rich oil shale ashes are used as lime fertilizers in 
agriculture; to replace lime in the chemical industry, as a 
binder to produce high-grade cement, light-weight and nor-
mal autoclave concretes, and slag wool; and as aggregate in 
road construction.

FIGURE 1

PULVERIZED OIL SHALE
FURNACE SYSTEM 
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Fluidized Bed Combustion Ashes 

In fluidized bed combustion the material is coarser and the 
share of the furnace bottom ash is greater than the share of 
fly-ash. In fluidized bed furnaces the temperatures are lower 
than in pulverized fuel furnaces. 

Opik states that during 1972 to 1983 some pulverized oil 
shale-fired boilers were reconstructed for fluidized bed com-
bustion with cooling panels in the active zone of the furnace. 
Coarse grinding of the fuel and the decrease in the tempera-
ture in the furnaces by 150 to 250°K resulted in a decrease in 
intensity of fouling of the boiler heat surfaces with ash 
deposits. However, the low temperatures encountered in 
fluidized bed combustion of oil shale, between 1,100 and 
1,3500C, are not sufficient to guarantee the stability of the 
ash as a building material. 

Selective Ash Separation and Utilization 

The utilization of pulverized oil shale ash is based on the 
selective ash separation in the boiler units. 

The stable quality of the finest fly-ash fraction (particle sizes 
less than 15 micrometers to produce high-grade shale-ash 
portland cement) is guaranteed by effective cyclone collec-
tors with an efficiency of about 60 to 70 percent, installed 
before the electrostatic precipitators. A fly-ash fraction with 
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particle sizes between 15 and 30 micrometers is collected in 
the first electrostatic precipitator stages with an efficiency of 
15 to 40 percent, protecting the fine ash from these coarser 
particles. This medium fine fraction is used to produce 
middle-grade cements, autoclave concretes, in constructing 
highways and mixed together with cyclone ashes as time fer-
tilizer. 

The yearly utilization of pulverized oil shale ash in the USSR 
is nearly four million tons. Ash Portland cement is used to 
produce prestressed reinforced concrete, to build such things 
as the Tallinn TV tower, high chimney stacks, etc., but about 
90 percent of utilized ash is used as fertilizer. 

At oil shale electrical power stations in the USSR, the bot-
tom ash and the gas duct ash are handled hydraulically; 
cyclone and electrostatics] precipitator ashes are handled 
pneumatically, duplicated with hydraulic ash removal. Plans 
are being discussed to handle the bottom and gas duct ashes 
also in a thy condition for utilization as lime fertilizer and as 
limestone substitute for desulfurization of flue gas at the 
same power station. As lime fertilizer, the bottom ash

(about 40 percent of total ash) has more calcium and less in-
advisable trace elements. 

Solid Residues of Retorting Units 

There are diverse methods of thermal processing of oil shale 
for synfuels (liquid and gaseous). øpilc points out that the 
thermal processing temperatures (usually between 500 and 
1,0000C) are not sufficient to guarantee the ash residue 
suitable for use as a fertilizer or building material. 

The main problem with these residues is to find a way of 
harmless deposition and disposal to prevent the transfer of 
water-soluble salts and various compounds of incomplete 
oxidation into surface runoff waters. 

In Estonia, for the new Kiviter oil shale processing plant, a 
hydraulic processed-shale disposal has been designed. 
Whether the disposal area bottom cover and walls made of 
pulverized oil shale ash concrete are sufficiently water-
impervious is said to be a problem. 

fl## 
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ENVIRONMENT	 exceed 1,5000F. The temperatures in the retorted and 
retorted zones are progressively cooler but can be as hot as 
1,000 and 5000F respectively. The sides and bottom of the 

ENVIRONMENTAL MANAGEMENT PROGRAM 	 rubble bed are surrounded by oil shale that was not ex-
DEVELOPED FOR SPENT MIS RETORTS 	 plosively fractured (pillars). Also, an air space or void exists 

at the top of the retort (Figure 2). 
Following the completion of retorting, modified in situ 
(MIS) retorts are cooled and treated to produce an environ-
mentally benign structure, which can ultimately be reclaimed 
in compliance with state and federal environmental regula- 
tions. Post-retorting experiments have been conducted for a 
number of years at the Occidental Oil Shale Inc. (0051) 
Logan Wash site near De Beque, Colorado to collect en-
vironmental data from in situ retorts completed nearly a 
decade ago. The data collected have been used to shape a 
program for circulating water through spent MIS retorts in a 
manner that reduces groundwater impacts to acceptable 
levels. This program was outlined to the Twenty-Third Oil 
Shale Symposium in May. 

One of the environmental concerns associated with in situ 
processing is the impact of the process on local groundwater. 
Chemical compounds potentially soluble in groundwater are 
created during MIS retorting. Therefore the hot spent 
retorts must be cooled and then cleaned of these water-
soluble chemical compounds. Spent retorts were cooled and 
cleaned at Logan Wash by circulating water through the 
retorts to remove soluble materials. Water produced from 
the MIS retorts (process water) was used in the cooling and 
initial stages of the cleaning. Baseline quality groundwater 
collected in the mine sumps (mine water) was used in the 
later stages of the cleaning. The groundwater quality from 
most spent retorts at Logan Wash has now been restored to 
near baseline conditions. 

Eight MIS retorts were constructed and operated by 005! 
at Logan Wash. The first six were designed to determine the 
effects of the geometry of the mined void area, explosive frac-
turing techniques, and ignition and operating procedures on 
retorting efficiency. Retorts 7 and 8, the last two MIS retorts 
operated by OOSI, were commercial-scale and operated 
simultaneously to simulate commercial operation (Figure 1). 

The conditions existing in an MIS retort after retorting is 
nearly completed are illustrated in Figure 2 (page 2-40). The 
rubble bed in the retort consists of three distinct zones: raw 
unretorted oil shale, retorted oil shale, and combusted oil 
shale. The residual carbon remaining after retorting was 
combusted in the top part of the bed. Unretorted oil shale 
underwent limited or no thermal alteration in the bottom of 
the bed, and it is possible that heavy fractions of the oil 
produced from retorted shale condensed there. Between 
these zones, retorted oil shale underwent thermal pyrolysis, 
which produced oil and gas from the shale. 

After retorting, temperature in the retort remains high. The 
temperature in many parts of the combusted shale zone

Two sources for potential groundwater impact exist because 
of the retort conditions when processing ceases. One source 
of impact is water-soluble material remaining in the spent 
retort. Another less obvious potential source is water-
soluble material generated by the continuing kerogen 
pyrolysis in the pillars and unretorted shale. This post opera-
tion pyrolysis occurs as a result of energy or residual heat 
stored in the hot spent shale. A spent MIS retort, similar to 
retorts 7 or 8, contains more than 100 billion BTU of 
residual heat. This energy needs to be removed from the 
MIS retort to minimize post retorting pyrolysis and to 
prevent heat conduction into the surrounding pillars. In addi-
tion, the amount of energy available in the form of residual 
heat is considerable and, if used, can significantly improve 
the overall MIS thermal efficiency. 

According to the authors of the symposium paper, effective 
procedures to clean spent retorts must cool the retort to 
preserve mine integrity, use residual heat and the spent 
retort to react much of the soluble material into insoluble 
forms, and provide a means by which to remove remaining 
water-soluble contaminants from the retort. 

Environmental Research on Retorts 7 and S 

In November of 1982, a short time after the completion of 
processing retorts 7 and 8, OOSI initiated water-quenching 
studies on these full size retorts. Water quenching was used 
to accelerate the cool down of these spent retorts. In addi-
tion, recovery of residual heat from spent retorts in the form 
of combustible gases generated through steam-carbon reac-
tions was investigated. The water quenching research also 
removed many of the potentially soluble materials from the 
retorts. 

A quench-water flow rate of 50 gallons per minute into each 
of the two retorts was desired but sufficient quantities of 
water were not available at the Logan Wash site to maintain 
this flow rate in both retorts. Consequently, quenching 
research concentrated on retort 8 where the desired quench-
water flowrate was maintained for several months. 

Reactions of the quench water with hot material in the spent 
retort produced combustible gases and clean condensate. 
From 1983 through 1988, periodic water injection into the 
retorts continued to examine cooling of the retorts and 
material removal from the retorts. 

In December 1988, 005! tested another potential retort 
cleaning procedure called staged deluge. The staged deluge 
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SOUktr: flUYbtM ti AL. 

FIGURE 1 

ISOMETRIC VIEW OF RETORTS 7 AND 8 

removes soluble compounds from spent retorts by circulating 
water through the rubble bed. A grid of 26 water injection 
points was constructed at the top of the rubble bed by drill. 
ing from the upper mine level (instrument air level). 
Roughly 170,000 gallons of water were injected sequentially 
into each of the injection points at a high rate of ap-
proximately 1,000 gallons per minute. The water collected in 
the lower portion of the retort was reinjected into the 
retorts. During the staged deluge, roughly 500,000 gallons of 
water (approximately three injections) was injected into each 
of the 26 injection points. 

The concentrations of retort-induced constituents in the 
process waters from retort 8 decrease with time. Figure 3

(page 241) shows the concentrations of dissolved organic car-
bon (DOC) in the process water as a function of time (retort 
completion given as July 1982). Vertical dashed lines in the 
figure represent periods of quenching or staged deluge. 

Comparisons of DOC concentrations in process water from 
retort 8 with process water from other retorts that were not 
quenched (retort 6) or were partially quenched (retort 7) 
show that both quenching and staged deluge act to reduce 
DOC concentrations. 

Total dissolved solids ('IDS) concentrations in the process 
water from retort 8 show a steady increase. During periods 
of quenching, TDS concentrations temporarily increased 
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above the linear increase in concentration with time. The 
major TDS constituent in the process water is sulfate. 

The environmental remediation research conducted by 
0051 has reached the following conclusions. First, the 
quenching of spent retorts with water is effective in reducing 
the temperatures in the spent retorts and, thereby reducing

kerogen pyrolysis that occurs after retorting. The current 
temperatures monitored in retort 6, which was not quenched, 
are greater than those monitored in retorts 7 and 8 which 
were shutdown much later and were quenched. In addition, 
the water quenching removed much of the residual carbon 
from these retorts and transported it to the surface in the 
form of combustible gas. The gas can be used to supply 
energy that is required for plant operations. Second, the con-
centrations of potential organic contaminants in process 
water flowing from the retorts decreases naturally with time 
but this decrease can be accelerated by quenching with 
water. The current DOC concentration in the process water 
flowing from retort 8 is lower than the current DOC con-
centrations in the process water flowing from either retort 7 
or retort 6. 

In August 1989, the staged deluge process was modified by 
using clean water for the deluge instead of recycling water 
from spent retorts. More soluble constituents were removed 
from the spent retort using clean deluge water than were 
removed using recycled deluge water. This behavior is typi-
cal of mass transfer-controlled processes. 

Examination of the data in Figure 3 shows that the decline in 
the concentration of DOC in the process water from retort 8 
slowed in 1989. This indicated that it was time to inject 
cleaner water into the retort to accelerate the further 
removal of soluble constituents. Deluges conducted in 
August 1989 confirmed that using clean water accelerated 
DOC removal. 

In January 1990, the staged deluge of retort 8 was continued 
using the relatively clean water flowing into the mine drifts 
at Logan Wash. The results of the first two deluges in 
retort 8 using mine water were similar to the August 1989 
clean water deluges. The results thus far show increased 
removal of soluble compounds from retort 8 using mine 
water in place of process water for deluging. 

In summary, the water quenching and staged deluge of 
retort 8 successfully reduced the amount of time required for 
cleaning spent MIS retorts. However, the time required for 
cleaning spent retorts still needs to be minimized, says 
00sl.
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FIGURE 3 

DOC CONCENTRATIONS IN RETORT 8 WATERS 
FROM 1983 TO 1989 
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WATER 

OCCIDENTAL FILES FOR DUE DILIGENCE ON WATER 
RIGHTS 

The Office of the Water Clerk, Colorado Water Division No. 
5, reports that in Case 90CW049 Occidental Oil Shale, Inc., 
has filed Application for Ouadrennial Finding of Reasonable 
Diligence for the Piceance Creek C-b Pipeline No. 1 in Rio 
Blanco County, Colorado. This pipeline was decreed on 
July 18, 1978. 

Location is given as : (a) Original point of diversion is lo-
cated on the south bank of Piceance Creek at a point on the 
north line of Section 36 whence the northeast corner of Sec-
tion 36, T2S, R97W bears east a distance of 4,500 feet. (b) 
Alternate point of diversion is at Piceance Creek C-b-1 Well,

located in the SE/4SW/4 of Section 25, T2S, R97W at a 
point 201 feet north of the south line and 1,522 feet east of 
the west line of said Section 25. 

The water source is Piceance Creek, tributary to the White 
River. 

The appropriation date is April 20, 1977, in the amount of 
1.0 cubic feet per second (0.889 c.f.s. CONDITIONAL, 
0.111 c.f.s. absolute). 

Uses are listed as industrial, mining, manufacturing, dust con-
trol, land reclamation, irrigation, and domestic. The applica-
tion contains a detailed outline of work performed during 
the diligence period. 
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SOCIOECONOMIC 

BOOMTOWNS MUST PREPARE FOR THE BUST 

In his book, Boomtown Blues: Colorado Oil Shglg^ 1885- 
12 A. Gulliford chronicles the social and cultural effects 
of the oil shale bust of the early 1980s in northwestern 
Colorado. As reported earlier (see fç Synthetic Fuels

 Report, December 1989, page 2-39), Gulliford describes the 
chaos and despair that erupted overnight following the 
May 2, 1982 (Black Sunday) announcement that Exxon was 
closing the $5 billion Colony project. 

Gulliford writes, 'There had been countless plans for a 
boom, but not a single plan existed for a bust of such epic 
proportions." 

In the usually short time frame preceding an impending 
"boom," there is a flurry of activity. Massive environmental 
impact statements are undertaken. Economic assessments 
are performed in preparation for sudden and large increases 
in both primary and secondary employment. Small rural 
communities experience an enormous population influx and 
face the monumental task of providing social and community 
services. In many cases, new schools are built, police and 
fire protection are expanded, the demand for medical and 
social services skyrockets, and housing is nothing short of a 
nightmare. The real estate market becomes a wild game of 
speculation followed by a frenzy of construction activity. 

The cyclical nature of boom and bust in mining communities 
of the Rocky Mountain West is historical fact. 
"Unfortunately," writes Gulluford, "Just as there were no na-
tional laws regarding plant closings, there were no local laws 
tied to mining permits that would have required Exxon to 
mitigate the bust they had created. Exxon had no shutdown 
plan for Colony, nor was a plan required." 

Thus, the cycle continues. 'The people who really benefit 
from a boom are the nomads who leave when the bust

occurs," says Gulliford. Corporations shut down, absorb 
theft losses and go on. However, for the residents who live 
through it, the "survivors," the bust becomes a turning point 
in their lives. Many, in fact, do not survive a cataclysmic 
bust. For those who do, the road to financial and psychologi- 
cal recovery is long and arduous. 

Two years after Black Sunday, a Colony project manager, 
said "It is just a shame that so much energy is spent looking 
backward." A remark to which Gulliford replies, '"To the con-
trary, far too little energy has been spent looking backward." 

According to Gulliford, historians and sociologists have docu-
mented and studied boomtowns, but have spent very little ef-
fort on the "bust" and its aftermath. "It is essential to assess 
the past in order to confront an inevitable future," he says. 

After a long look backward, Gulliford writes, "Carefully writ-
ten zoning regulations and revised environmental impact 
statement criteria are essential to prevent international cor-
porations from riding roughshod over small communities." 
He says that the most important aspect of any bust mitiga-
tion plan should be economic diversification. Both boom 
and bust provisions should become standard in the local 
government regulations of any resource community not 
blessed with economic diversity, he says. 

Now, with oil production in the United States declining, 
United States dependence on foreign oil supplies is rising 
and OPEC is gaining power. A volatile international energy 
market could once again give impetus to an "energy boom" 
in the West. 

According to Gulliford, "There will be another boom. The 
strategic importance of 500 billion barrels of oil within a 
100-mile radius in the middle of our western states cannot be 
underestimated."

SYWI1IETIC FUELS REPORT, JUNE 1990 
243



RECENT OIL SHALE PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following presentations were made at the Twenty-Third Annual Oil Shale Symposium held in Golden, Colorado in May: 

Batchelor, JO., "Overview of the DOE Oil Shale Research and Development Program." 

Dyni, J.R., "Oil Shale Data and Drill Cores Collected by the U.S. Geological Survey? 

Essington, M.E., "Ettringite in Weathered Combusted Oil Shale: Chemical Composition and Solubility? 

Weiss, E.S., et al., "Development of Low Incendive Blasting Agents for Use Under Gassy Oil Shale Mining Conditions." 

Kogelmann, W.J., et al., "Results of the Water-Jet-Assisted Mechanized Oil Shale Mining Factory Tests." 

Heistand, R.N., 'The Colorado School of Mines Oil Shale Archives." 

Preece, D.S., "Rock Motion Simulation and Prediction of Porosity Distribution for a Two-Void-Level Retort? 

Randle, AC., "Unocal's Parachute Creek Shale Oil Project. Operation of the 13,500 TPD Mine, the 10,000 BPD Above Ground 
Retort, and the 10,800 BPD Shale Oil Upgrading Plant." 

7iahradnlk, R.L., et al., "Colorado Tract C-b Demonstration Project - Status and Plans." 

Miknis, F.P., "Conversion Characteristics of Ten Selected Oil Shales? 

Mushrush, G.W., et al., "Chemical Basis of Instability of Shale Derived Middle Distillate Fuels." 

Waliman, P.R., et al., "Cracking and Coking of Shale Oil Vapors." 

Boysen, i.E., et al., "Management Program for Spent Modified-In-Situ Retorts.' 

Peters, G., et al., 'Bcncficiat ion of Oil Shale by Removal of Nahcolite." 

Grimm, U., et al., "Attrition and Breakage of Western Oil Shale." 

Cattany, R., "Colorado Oil Shale Initiatives for the 90's." 

Coburn, T.T., et al., "Sulfur Release from a Hot-Recycled-Solids Retort? 

The following papers were presented at Alternate Energy '90 in Cannel, California, sponsored by the Council on Alternate Fuels in 
April: 

Randle, A., "Unocal's Parachute Creek Shale Oil Project." 

Zahradnflc, R. et al., 'Oil Shale Development in the Nineties." 

The following paper was given at the Oil Sands 2000 conference sponsored by the Alberta Oil Sands Technology and Research 
Authority in Edmonton, Alberta, Canada in March: 

Schmidt, .1., et al., "Upgrading Shale Oils for the Australian Market." 

The following articles appeared in QA 21all published by the Estonian Academy of Sciences, 1989, Numbers 3 and 4, in Russian with 
abstracts in English:
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Bondar, E.B., et al., "Geochemical Peculiarities of Upper Jurassic Khodzhaipak Shales of South-West Uzbekistan.* 
Maremae, Li., et al., "Leaching of Metals from Alum Shale and Its Processing Products Under the Effect of Different Reagents." 

Pihlak, A.A., et al., "Composition of the Maardu Dictyonema Shale of Estonia and its Tendency to Self-Ignition." 

Koch, R., et al., "Ignition Temperature of Organic Matter Concentrates of Estonian Alum and Oil Shale." 

Opik, I.P., "Ash Utilization After Combustion and Thermal Processing of Estonian (Kukersite) Oil Shale." 

Fraiman, L.S., et al., "Utilization of Limestone as Oil-Shale Processing Waste for Cement Production." 

Pets, LI., et al., "Multidimensional Statistical Processing of Elemental Abundances in the Mineral Matter of Oil Shale Combus-
tion Products." 

Pets, L.I., et al., "Mercury in Oil Shale Mineral Matter." 

Domanova, NI., "Influence of Mining Work on the Water Resources of the Buried Valley of Vasavere and Measures for their 
Protection." 

Zakharov, Vi., et al., "Effect of Heating Rate on the Kinetics of Evolution of Gases by Oil-Shale Thermal Decomposition." 

Yefimov, V.M., "Specific Features of Semicoking or Organic-Poor Oil Shales in Vertical Retorts." 

Zhurakovsky, J.P., "Thermal Response of Generators with Two-Sided Material Heating." 

Gosek, M., "Oil Shales from the Giant Mountains in the Piedmont Basin of Czechoslovakia." 

Veski, RE., et al., "Investigation of the Dzhami Oil Shale of Uzbekistan. 4. Oxidative Destruction." 

Glonty, R.I., et al., "Stepwise Isothermal Pyrolysis Products of Shale Oil Tar." 

Georgiev, I., et al., "Study of Soft Pyrolysis Products of Shale Oil Tar." 

Maremae, EJ., et al., "Effect of Sulphuric Acid on Alum Shale Ashes by a High Liquid Phase Content." 

Bondar, LB., et al., "Application of Methods for Investigating Oil Shales Organic Matter to Analysis of Oils." 

Yefimov, V.M., et al., "Water Soluble Sulfides in the Solid Residue from Processing Kukersite in 1,000 T/D Generators." 

Frolov, MA., et al., "Dust Content and Particle-Size Distribution of the Mine Air in the 'Leningradslanets' Production 
Association." 

Nazinin, NA., et al., "Calculation of the Hydraulic Resistance of a Cross-flow Generator." 

The following articles concerning oil shale mining claims appeared in Rock y Mountain Pay fljfl for February 1990: 

Epler, B., "What Will Happen in Oil Shale Fight?" 

Savage, J.W., "A Principal Recaps Long Battle." 

Fox, J.L., "Interior Spent $100 Million in Fight." 

Epler, B., "Marathon Suit Tightens the Screws." 

Epler, B., "Oil Shale Struggle Cast of Characters." 

Epler, B., "Ertl Family Trust Didn't Run with Money."

SYPiHIE!TIC FUELS REPORT, JUNE 1990 
245



The following article appeared in Ener2v	 Volume 4, Number 2, March/April 1990: 

Levy, J.H., "Effect of Water Vapor Pressure on the Dehydration and Dehydroxylation of Kaolinite and Smectite Isolated from 
Australian Tertiary Oil Shales? 

OIL SHALE - PATENTS 

"Coating of Solid Carbonaceous Material with Hydrocarbon Liquid in Process Utilizing Water Containing System for Receiving Such 
Carbonaceous Material Therethrough," James Scinta - Inventor, Phillips Petroleum Company, United States Patent 
Number 4,909,928, March 20, 1990. A process is provided wherein a carbonaceous material, such as oil shale, is coated with a 
hydrocarbon liquid, such as shale oil, prior to introduction of the carbonaceous material to a water containing, sealed system, through 
which the carbonaceous material is transferred to a high pressure vessel, i.e., a retort. The liquid hydrocarbon coating on the car-
bonaceous material effectively minimizes water absorption by the carbonaceous material in its passage through the water containing 
system.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1990) 

ACORN PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals NI. (5-10) 

In 1985 Southern Pacific Petroleum NL and Central Pacific Minerals NIL (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 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 semicommerrial demonstration plant. The project is referred to as 
the Acorn Project. During the last quarter of 1987, SPP carried out a short drilling program of 10 holes at the Stuart deposit in or-
der to increase information on the high grade Kerosene Creek member. This is a very high grade seam (134 liters per tonne) with 
150 million barrels of reserves. SPP carried out a basic design engineering study in 1988. The current conceptual design is for a 
plant processing approximately 6,000 tonnes per stream day of as mined feed shale, and producing 4,250 barrels per day of liquid 
products. 

According to SPP, the estimated cost is A$90 million for such a demonstration plant, including services connection and product 
storage. At current prices for low sulfur fuel oil in Australia, it is likely 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 A$90 million 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc. (8-20) 

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., doing business as Cathedral Bluffs Shale Oil Company. 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) permit 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 U negotiations for financial assistance. On July 28, 1983 the SEC 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 
continues in order to keep the shaft from being flooded. 

Occidental has proposed a $200 million "proof-of-concept' modified in situ (MIS) demonstration project to be located on the C-b 
tract. Oxy says that a 1,200 barrel per day facility combining modified in situ with surface retorting would cost $200 million over a 
10-year period. The company said in 1989 it would contribute $100 million if the Department of Energy would contribute $70 mil-
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1990) 

COMMERCIAL PROJECTS (Continued) 

lion. State and local governments would be expected to come up with the other $30 million through tax incentives, property tax 
relief, royalty reductions and enterprise zones. Engineering design is expected to start in 1990. Preliminary funding of the en-
gineering studies was approved under the Department of Energy's r5al year 1990 budget. 

Project Cost: $200 million for demonstration 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (5-30) 

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, lime 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) (5-40) 

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 Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (STB) retort process. Information obtained from the semi-works project will 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 its Colorado River water rights through its participation in a joint venture with two other energy 
companies. 

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

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

Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco II retorting was originally planned. Production would be 66,0010 TN) of 35 OPT shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant. 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final EIS has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming, and Final EIS supplement was completed. Work on Battlement Mesa com-
munity commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. C.F. Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Root was to construct 
the retorts. Stearns-Roger awarded contract 2/81 for design and construction liaison on materials handling and mine support 
facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 

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 phasedown of the project. Construction of Battlement Mesa has been completed and Exxon has announced its intention 
to sell the Mesa complex. An Exxon organization remained in the Parachute area for several tars 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, Ex-
xon closed its Grand Junction project office. 

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

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

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 indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
avenge operating cost of US$265 million at full production, before tax and royalty. (All 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 progres-
sive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shalt 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 Lurgi Gmb!I of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,0 tons per day of shale, to give a total capacity of 200, tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

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

All aspects of infrastructure supporting such a project were studied, including water and power supplies, workforce 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 indicates that there are no foreseeable infrastructure or environmen-, 
tal issues which would impede development. 

Market studies suggest 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 is 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 39,000 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 (5-80) 

About 95 percent of USSR's oil shale output comes 
from Estonia and Leningrad district. Half of the exüacted 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 resources was begun by the Estonian government in 1918. In 1980, annual production of oil shale in 
USSR reached 41 million tons of which 36 million tons came from the Baltic region. Recovered energy from oil shale was equiv-
alent to the energy in 49 million barrels of oil. Most extracted oil shale is used for power production rather than oil recovery. 

More than 60 percent of Estonia's thermal energy demand is met by the use of oil shale. Fuel gas supplies for the city of Leningrad 
were terminated in 1987. First of their kind ever put into operation, the oil-shale-fueled power plants have an annual output of 
1,600 megawatts.
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COMMERCIAL PROJECTS (Continued) 

FUSIIUN COMMERCIAL SHALE OIL PLANT - Fushun Petrochemical Corporation, SINOPI3C, Fushun, China (5-90) 

The oil shale retorting industry in Fushun began in 1928 and has been operating for 60 years. Annual production of shale oil 
topped 780,ODO 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,ODO 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 was recently 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 a existing petroleum refinery. 

GARY REFINERY - Western Slope Refining Company (8-100) 

Western Slope Refining Company owns a refinery in Fruits, Colorado at the southwestern edge of the Piceance Basin. The refinery 
was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid hydrocarbon ore that is mined in North-
eastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. The 
refinery was expanded and upgraded into a modern facility capable of processing a wide variety of raw materials into finished 
transportation fuels. In the early 1980's modifications were made to the refinery to process shale oil. 

Gary Refining had a contract to purchase 8,600 barrels per day of hydrotreated shale oil from the Unocal Parachute Creek facility. 
A contract was also signed with the Defense Fuel Supply Center to provide 5,025 barrels per day of shale-derived military jet fuel 
(JP4) to the Air Force over a four year period. 

The processing scheme planned for the shale oil was geared toward maximizing the yield of JP4. The Air Forte requirements were 
that JV4 be produced solely from a shale oil feedstock. Therefore, the crude, vacuum, and hydrocracking units would be blocked 
out, each with a separate operating cycle. 

Upgraded shale oil is planned to eventually be delivered to the refinery via a pipeline from the Parachute upgrading facility to the 
Fruita site. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code, The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Unocal plant. The bankruptcy 
documents indicated that borrowing to make the modifications to refine shale oil was a major factor in the failure. 

In January, 1989 it was announced that the refinery, now , known as Western Slope Refining Company, would reopen in March, 
1989, Western Slope Refining Company began operation in April, 1989. Toll calcining of petroleum coke, as well as fractionation 
of crude and atmospheric residuum in the crude and vacuum units is underway. Full refinery operation began in July. 

Although there are no guarantees regarding quantity, the firm's contract with Unocal Corporation now is for everything that 
company's Parachute Creek oil shale plant can produce. Unocal officials believe they can now consistently produce 5,0DO barrels of 
synthetic fuel a day. The processing of Unocal's syncrude will be supplemented with other regional crude oils. Because the con-
tract with the Air Force for jet fuel has expired, it is not known whether the military test effort will be revived. 

In January 1990, it was announced that, because of operating losses, most refinery operations would be curtailed. 

Project Cost: Not Disclosed 

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 
Iribid, Karak, and Ma'an districts contain an estimated 44 million barrels of oil equivalent, 
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COMMERCIAL PROJECTS (Continued) 

In 1986, a cooperative project with Romania was initiated to investigate the development of a direct-combustion oil-shale-fired 
power plant. Jordan is also investigating 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 Kloëckner 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 El 
Lajjun oil shale. Pilot plant retorting tests were performed in Lurgi's LR pilot plant in Frankfurt, Germany. 

The final results show, 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. A 
world oil price of $15.60 per barrel has to be reached to meet an internal rate of return on total investment of 10 percent. 

In 1988, the NR-k announced that it was postponing for 5 years the consideration of any commercial oil shale project. 

IUVITER PROCESS - Union of Soviet Socialist Republics (5-120) 

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 1(1/cubic meters) is 450 to 500 cubic meters per ton of 
shale. 

To meet the needs of re-equipment 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-Jarye, Estonian SSR, USSR. and placed in operation in 1981. The new retort 
employs the concept of crosscurrent 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. 

The experience of the 1,000 TPD unit was taken into consideration to design two new units. In January, 1987, two new, 1,000 'I'PD 
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. This battery should come onstream in 1991-1992. 

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. 

Project Cat: Not disclosed 

MAOMING COMMMERCIAL SHALE OIL PLANT - Mounting Petroleum Industrial Corporation, SINOPEC, Maoming China 
(S-130) 

Construction of the Mounting petroleum processing center began in 1955. Oil shale is mined by open pit means with power-driven 
shovels, and electric locomotives and dump-can. Current mining rates are 35 million tons of oil shale per year. Approximately 
one-half is suitable for retort feed. The Fischer Assay of the oil shale averages 6.5% oil yield. 

Two types of retort are used: a cylindrical retort with 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. 

Current production at Maturing is 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 is planned. 
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MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (5-140) 

Mobil is no longer considering development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
project was planned to have initial production of 10,00D to 25,0DO barrels per day with an incremental buildup to 100,0)0 barrels per 
day. The United States Bureau of Land Management completed an Environmental Impact Statement preparatory to Future permit 
applications. A Corps of Engineers Section 404 permit application was submitted. 

Project Cost: Estimated $8 billion For 100,000 BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP (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 13 for the Moroccan oil shale retorting process was derived. 

In February 1982, the Moroccan Government concluded a $4.5 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,0)0 barrels per day plant. However, the project faces con-
straints of lower oil prices and the relatively low grade of oil shale. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit was completed with a funding from the World Dank 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 '1'3 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 13 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 GPT shales. The design of a demonstration plant, which will have an initial output 
of 280 barrels per day, rising to 7400 barrels per day when Full scale commercial production begins, has been deferred. A commer-
cial scale mine development study at 'flmandit was conducted by Morrison-Knudsen. 

The T3 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. 

Project Cost: Not disclosed 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL Corporation (5.160) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,ODD 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 110,000 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-
lions 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 will be the market price or a contract floor price. If the 
market price is below the DOE contract floor price, indexed for inflation, Unocal will receive a payment from DOE to equal the 
difference. The total amount of DOE price supports Unocal could receive is $400 million. Unocal began billing the U. S. Treasury 
Department in January, 1987 under its Phase I support contract.
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COMMERCIAL PROJECTS (Continued) 

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 FBC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. 

uusjy Lur acten mummy pcnm; nowvvvr. mis puaners Droll! IS Inc tUSK sustainea DcnoO ot protitability. Recent cost cutting ef-
forts have lowered the breakeven point on operating costs approximately 20 percent. The future of the project depends on the 
ability to maintain this production level. 

In August 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, avenge production in November and 
December reached approximately 7,000 barrels per thy. 

Project Cost: Phase I - Approximately $700 million 

PETROSIX - Petrobras (Petroteo Brasileiro, S.A.) (5-170) 

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. 

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 thy 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, currently produces 800 barrels per day of crude 
oil, 38 tons per thy of fuel gas, and 19 tons per day of sulfur. It has accumulated over 95,000 hours of operation, and now achieves 
an operating factor between 92 and 95 percent. 

A 36 foot inside diameter retort, called the industrial module, is being constructed and will produce 3,343 barrels per thy of oil, 
50 tons per thy of LPG, 81 tons per thy of fuel gas, and 98 tons per thy of sulfur from 7,800 tons of oil shale per thy when com-
pleted. The completion date is now indefinite. 

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 gasoil. 

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

Project Installed Costs: $68.4 (US) Million (industrial module) 

RAMEX OIL SHALE GASIFICATION PROCESS—Ran'iex Synfuels International, Inc. and Greenway 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. new burners produce an industry 
quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Raines announced that Giveaway Corporation had become the controlling shareholder in the company. 
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COMMERCIAL PROJECTS (Continued) 

On November 24, 1987, Ramex announced the completion of the pilot project. The formation was heated to approximately 1200 
degrees creating a high-BTU gas with little or no liquid condensate. The wells substained 75 mcI 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 5 
year life in a 10 foot section of the shale with a product gas of 800 BTU or higher per standard cubic font. 

Ramex 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, Ram" announced the project would be moved to Indiana. A total of? wells have now 
been 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 Henryville, Indiana. 

Arrangements were made with Midwest Natural Gas to hook up the Ramex gas production to the Midwest Pipeline near lien-
ryville. As of May, 1989 Ramex 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. A new burner 
with improved metallurgy was planned to be installed in November, 1989. 

Ramex is also investigating potential applications in Israel 

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

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

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30' x 30'x 166 high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of five versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without additional 
federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily suspended opera-
tions on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In August 1987, 
the suspension 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 has never been issued due to a suit filed by the Na-
tional 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 are currently flooded but were pumped out in May 1985 and June 
1986 in accordance with plans approved by the Department of the Interior. Data from the pumpout are being evaluated. Stringent 
monitoring is continuing. Rio Blanco operated a $29 million one to five TPD Iargi pilot plant at Gulf's Research Center in Har-
marville, 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. The company has not as yet developed commercial plans or cost estimates. 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. Amoco has no plans to discontinue operations. 

Project Cost: Four-year process development program cost $132 million
No cost estimate available for commercial facility. 

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 Dave, Lust), 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. 
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COMMERCIAL PROJECTS (Continued) 

The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of shale feed was estimated 
to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to 
cost $2.65 billion (US). 

In October 1984 SPP/CPM and Fsso 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 now provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$123 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: See above 

TRANS NATAL T-PROJECT - Trans Natal, Gencor, Republic of South Africa (S-220) 

Current developments in oil shale conversion by (3encor, one of the larger South African mining companies, have proved to be very 
promising and a feasibility study was completed in 1987. A technical study involving retorting test samples of oil shale mixed with 
coal has been carried out. It was found that by recycling the heavy oil fraction, it is possible to successfully retort a 50:50 mix of 
torbanite and coal. 

The project will consist of an underground mine with mining height of I to 2.3 meters. The material to be mined is a mixture of 
torbanite and bituminous coal. The deposit would be capable of supporting an output of 14,000 barrels of syncrude per day. 
Retorting will be accomplished with Lurgi LR retorts. The torbanite yields 250 liters of oil per metric ton, and the coal yields 100 
liters per ton. 

The investiaation phase of the Torbanite Proiect (F-Proiect) was completed at the end of June 1989 and was submitted for a p-
proval to the South African 2overnment in September 1989. This proiect has now for financial reasons been indefinitely 
postponed. 

Project Cost: $1.0 billion 

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

The U'fl'-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 LITT-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 UTI'-3000 units built at the Estonian GRES with a productivity of 3,000 tons per day are among the largest in the world 
and unique in their technological principles. However, as of late 1988, these units had still not reached 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 lJfl'-3000 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. 
79,1000 tons versus 80,100 in 1984. The total shale oil production for the period 1980-83 was 10,500 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 970 tons in 
1984. The output of electric energy for Estonia-Energo continued constant in 1983 and 1984, by burning pan 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 UTF-3000 
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COMMERCIAL PROJECTS (Continued) 

In 1985, the third test of the reconstructed boiler TP-101 was carried out by using the shale oil produced at the U17I 7-3000. The im-
provement of the working characteristics of U'IT-3000 has continued. 

Recently, the LO VONIPII (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 
2,5W megawatts power station with direct burning of new 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 - Yamaha Joint Venture (Beloba Pty. Ltd., Central Pacific Minerals N.L. Southern Pacific Petroleum N.L. Shell 
Company of Australia Limited, and Peabody Australia Ply. Ltd.) (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 more 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 SW 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. 

In December, 1988 Shell Australia purchased a part interest in the project. The Yaamba Joint Venture now comprises Peabody 
Australia Ply. Ltd., with 41.66% percent interest, Shell Company Australia with 41.66% interest. Beloba Ply. Ltd. with 10%, 
Central Pacific Minerals Ni. with 33% and Southern Pacific Petroleum N.L. with 3.3%. Beloba fly. Ltd. is owned 50% each by 
SPP and CPM. Peabody Australia manages the Joint Venture which holds two 'Authorities to Prospect for oil shale in an area of 
approximately 1,080 square kilometers in the Yaamba and Broad Sound regions northwest of Rockhampton. The 'Authorities to 
Prospect' were granted to the Yaamba Joint Venture by the government of the State of Queensland. 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 Herbert Creek Basin is still in the exploratory stage. Further exploratory drill-
ing of the Herbert Creek Basin is also continuing. 

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 now 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 of the Yaarnba Basin and optimization of all other aspects of the mining operation, and collection of additional 
data on the existing environment are continuing. 

During 1988, activities in the field included the extraction of samples for small scale testing and the drilling of tour holes for further 
resource delineation. 

This proiect has been temporarily suspended due to continuin g low oil orices. 

Project Cost: Not disclosed

R&D PROJECTS 

ISRAELI RETORTING DEVELOPMENT- PAMA (Energy Resources Development) Inc. (5-270) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
which is tailored to the specific properties of Israeli oil shale, thus promising certain advantages over existing processes developed 
elsewhere. The process rests on the use of both fluidized and entrained beds, and the work is carried out in a pilot plant which can 
process around 100 kg/hr of oil shale. Preliminary results are encouraging. 

In 1988 PAMA signed an agreement with Brazil's Petrobras to test Israeli shale in the Petrosix process 
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R & D PROJECTS (Continued) 

PAMA has completed extensive studies, lasting several years, which show that the production of either oil or power (the latter by 
direct combustion of the oil shale) is technically feasible. Furthermore, the production of power still appears economically viable, 
despite the recent collapse of petroleum prices and the uncertainties regarding the economics of production of oil from shale. 

PAMA has already embarked on a program for demonstrating the direct combustion of oil shale for power. A demo plant will be 
built that is in fact a commercial plant co-producing electricity to the grid, and low pressure steam for process application at a fac-
tory adjacent to one of the major oil shale deposits. The oil-shale-fired boiler, to be supplied by Ablstrom, Finland, is based on a 
circulating fluid bed technology. 

Successful demonstration can pave the way to significant commercial production of power from oil shale in the next decade. 

The boiler 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. Commissioning was begun in August 
1989 and oil shale firing was begun in October. Process steam sales began in November 1989 and electricity production started in 
February, 1990. 

Project Cost: $30 million for combustion demo plant 

JULIA CREEK PROJECT - Placer Exploration Limited (8-290) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit of 
northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrading 
to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

The project developer was CSR Lid, but as a result of purchasing CSR's mineral interests within Australia, Placer Pacific Ltd. is 
now owner of the project. 

The project has proven resents of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
average oil content of the shale is approximately 70 litres per dry tonne. 

Work carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as a recir-
culating solid heat carrier has been concluded and patents for retorting and hydrotreating processes have been obtained. 

No development is planned 

LLNL HOT RECYCLED-SOLIDS (fiRS) RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (5-300) 

Lawrence Livermore National Laboratory (LLNL) has, for over the last five years, been studying hot-solid recycle retorting in the 
laboratory and in a one-tonne-per-.day pilot facility and have developed the LLNL hot Recycled-Solids Retort (LIRS) Retort 
(CBR) 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. Field pilot plant tests at 100 and 1,000 tonnes per day are planned at a mine site in western 
Colorado. Pending DOE approval, a joint government/industry sponsored test at 100 tonnes per day could begin as early as Oc-
tober 1991. 

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 bur-
ner, a portion of the solid is discharged to a shale cooler for final disposal. 

Commercial realization of this process requires scaling up from the LLNL's existing laboratory-scale (one-tonne-per-day) retort to 
commercial sizes by a factor of 5,000 to 10,. Understanding and solving solids-handling issues is a major part of that scaleup. 

In fiscal year 1989, fundamental chemistry studies continued, and LLNL has started to look at scaleup of the HRS. They are cur-
rently upgrading the facility to process 4 tonnes-per-day of raw shale, working with the full particle size (0.25 inch). Key com-
ponents 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 fiscal year 1990, LLNL plans to continue to operate the laboratory-scale 
facility and continue conceptual design of the I® tonne per day pilot-scale test facility.
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NEW PARAHO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (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. 

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 this initial, market development phase of the commercial development plan is approximately $23 million, 
all of which will be funded by Paraho. The major portion of the work to be conducted during this initial phase consists of produc-
ing sufficient quantities of shale oil to accommodate the construction and evaluation of several test strips of shale oil-modified as-
phalt 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 average oil yield of 963 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. 

Six test strips were constructed in 1989 in Colorado, Utah and Wyoming. The test strips will now be evaluated over a period of 
several tars, during which time Paraho will complete site selection, engineering and cost estimates, and financing plans for a com-
merrial production facility. 

The size of the commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

Based upon current engineering estimates, the initial commercial facility will cost $200 - $250 million to design, engineer and con-
struct. If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant would 
commence in the 1991-1992 time frame. 

At the present time, 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 loca-
tion 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 Faraho also maintains control of ap-
proximately 3,400 acres of oil shale leases on state lands in Utah. 

Project Cost: $2,500,000. 	 The company spent $100,000 in 1987, $1,100,) in 1988 and $778,000 in 1989 on shale oil asphalt 
research. 

YUGOSLAVIA INCLINED MODIFIED IN 5Ff) RETORT - United Nations (S-330) 

Oil shale deposits in Yugoslavia are mainly located in the eastern pan of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Juzna Moravica River valley. 
Oil shale dips from the surface at an angle of 30 to 40 degrees up to a depth of 600 meters where it then levels, although the oil 
shale seams are not planar. 

An experimental 33 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Aleksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the IMIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. The 
retort injection mixture would be 50 percent air and 50 percent steam. As a future development, eight modules of IMIS retorts 
would be in operation at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,ODO barrels per day at full 
production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting the 73 retort system un- 
der development in Morocco. The overall resource recovery rate would be about 49 percent. 
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Construction time for a 20,000 barrels per day facility is estimated to be 11 years. The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the upgrading cost was estimated to 
be $7.00 (US) per barrel. 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. Go-ahead for a 
full-scale 20,000 barrels per day operation would be given only after the results of the pilot module are known. The pilot module 
has been designed by Eaergoproject, Belgrade, with UNDP support. Establishment of the IMIS experiment had been expected in 
1988 but is now postponed to at least 1992. 

The project is currently considered to be suspended 

Project Cost: US$12,000,000
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COMPLrFED AND SUSPENDED PROJECFS 

Project Sponsors Last Appearance in SPit 

American Syncrude Indiana Project American Syncnide Corp. September 1987; page 2-53 
Stone & Webter Engineering 

Baytown Pilot Plant Exxon Research and Engineering September 1987; page 2-60 

BX In Situ Oil Shale Equity Oil Company March 1984; page 2-52 
Project 

Cottonwood Wash Project American Mine Service March 1985; page 2-73 
Cives Corporation 
Deseret Generation & 
Transmission Coop. 

Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page B4 

Duo-Ex Solvent Extraction Pilot SoIv-Ex Corporation September 1989; page 2-55 

Eastern Oil Shale In Situ Project Eastern Shale Research Corporation September 1989; page 2-55 

Edwards Engineering Company Edwards Engineering March 1990; page 242 

Exxon Colorado Shale Exxon Company USA March 1985; page 2-73 

Gelsenkirchen-Scholven Veba OcI June 1987; page 2-52 
Cyclone Retort 

Japanese Ministry of International Trade RAPAD Shale Oil Upgrading Project March 1990; page 2-52 
and Industry 

Japanese Retorting Processes Japan Oil Shale Engineering Company September 1989; page 2-56 

Laramie Ener' Laramie and Rocky Mountain June 1980 page 2-34 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. September 1984; page 5-3 

Means Oil Shale Project Central Pacific Minerals June 1987; page 247 
Draic Corporation 
Southern Pacific Petroleum 

Nahcolite Mine #1 Multi-Mineral Corporation September 1982; page 240 

Naval Oil Shale Reserve United States Department June 1987; page 2-53 
of Energy 

Oil Shale Gasification Institute or Gas Technology December 1978; page 8-3 
American Gas Association 

Pacific Project Cleveland-Cliffs June 1987; page 2-48 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979; page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 247 
Facility 

Seep Ridge Geokinetics Inc. March 1986; page 2-54 
I Peter Kiewit Sons' Inc.
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Silmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Energy Corporation of America 

Tosco Corporation Tosco Sand Wash Project March 1990-,page 2-48 

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 Mecco, Inc. September 1978; page 11-3 
Unnamed Fracture Test Talley Energy Systems September 1978; page B-4 

White River Shale Project Phillips Petroleum Company March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS

Company or Oruanization Prolect Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-54 

Beloha Pty. Ltd. Yaamha Project 2-56 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 247 

Central Pacific Minerals Acorn Project 247 
Condor Project 2-48 
Rundle Project 2-54 
Yaamba Project 2-56 

Chevron Shale Oil Company Clear Creek Project 248 

Conoco Inc. Clear Creek Project 2-48 

Esso Australia Ltd. Rundle Project 2-54 

Exxon Company USA Colony Shale Oil Project 2-48 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-50 

Gencor Trans Natal T-Project 2-55 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-53 

Jordan Natural Resources Jordan Oil Shale Project 2-50 

Lawrence Livermore National Laboratory LLNL Cascading Bed Retort 2-57 

Maoming Petroleum Industrial Corporation Maoming Commercial Shalt Oil Plant 2-51 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-52 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-48 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-58 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 247 

Office National dc Recherche et Morocco Oil Shale Project 2-52 
d'Exploitation Petrolieres 
(ONA REP) 

PAMA Inc. Israeli Retorting Development 2-56 

Peabody Australia Ply. Ltd. Yaamba Project 2-56 

Petrobras Petrosix 2-53 

Placer Exploration Limited Julia Creek Project 2-57 

Ramex Syniuels International Ramex Oil Shale Gasification Process 2-53 

Republic of South Africa Trans Natal T-Project 2-55 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-54 

Sinopec Fushun Commercial Shale Oil Plant 2-50 
Maoming Commercial Shalc Oil Plant 2-51 

Southern Pacific Petroleum Acorn Project 247 
Condor Project 248
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Company or Onanization Proiect Name 

Rundle Project 2-54 
Yaamba Project 2-5 

Trans Natal Trans Natal T-Project 2-55 

Unocal Corporation Parachute Creek Shalt Oil Program 2-52 

Union of Soviet Socialists Republics Estonia Power Plants 249 
Kiviter Process 2-51 
Ufl'-30 Retorting Process 2-55 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-58 

Yaamba Joint Venture Yaamba Project 2-56 

Western Slope Refining Gary Refinery 2-50
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OIL SANDS 

PROJECT ACTIVITIES 

STEAMFLOOD AT BODO SHOWING BETTER RESULTS 
THAN FIREFL000 

Norcen Energy Resources Limited has been operating a 
steam pilot project in the Main Bodo McLaren channel sand 
since 1985. This heavy oil pilot project is located some 
10 miles southeast of Provost, Alberta, Canada (Figure 1). 
An update on the project status was given by D.W. Salahub 
at the recent AOSTRA Oil Sands 2000 conference. The 
pilot is located in the Provost Upper Mannville "B" pool. 
The most productive portion, commonly called the "Main 
Bodo Pool," is part of a larger channel sand complex that 
stretches for some 26 kilometers east-southeast into Sas-
katchewan. 

The Main Bodo Steam Pilot produces from the McLaren 
channel sand, which has net pays up to 24 meters. The 
McLaren sand is composed of fine to medium grained,

poorly to moderately well sorted sublitharenites with some 
very minor constituents including kaolinite and siderites. 
The sand is unconsolidated, generally exhibits good 
homogeneity, and displays excellent porosity and very high 
permeability. 

A fireflood was operated at Bodo by Norcen and its Main 
Bodo working interest partners (Canadian Occidental 
Petroleum Ltd., Esso Resources Canada and Murphy Oil 
Company Ltd.) from 1975 until 1982. An expansion was 
operated by Norcen through early 1986, at which time air in-
jection was permanently suspended. The fireflood acreage is 
currently being operated in a primary production mode. 

Main Bodo Steam Pilot 

Although the flreflood pilot had shown encouraging results 
in terms of incremental recovery, the operational problems 
inherent in a fireflood, especially sanding, made a steam 
based process appear more attractive. Salahub says that 
despite the higher initial capital cost, Norcen was confident 
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that the use of wire wrapped screens as sand retention 
devices could be successful in a thermal environment when 
the oil viscosity had been lowered. Screens had been tried in 
primary production applications with little or no success. 
Sand retention was possible, but oil inflow was so severely 
restricted that it did not allow economic operation of the 
wells. This was attributed to the high pressure losses across 
the screens due to the high viscosity of the oil. 

Noreen also anticipated higher ultimate recoveries using a 
combination cyclic steam-steam drive process than with the 
fireflood process. Recovery estimates of up to 45 percent of 
the pilot area oil in place were believed attainable compared 
to 30 percent at the adjacent fireflood and 10 percent from 
primary production alone. A proposal for assistance in fund-
ing a portion of the steam pilot project was approved by the 
Alberta Oil Sands Technology and Research Authority 
(AOSTRA) in 1984 and they became a project participant 
shortly thereafter. 

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 is shown below: 

Mar/85 - Feb/86: Primary Production 
Apr/86 - Jun/89: Cyclic Steam Stimulation 
Jul/89 - Dec/92: Steam Drive 
Jan/93 - Dec/94: Heat Scavenging Waterflood

The Main Bodo Steam Pilot consists of a single 8-hectare 
(20 acre) inverted 9-spot pattern (Figure 2). The interwell 
distances are 141 meters from corner to side wells and 
200 meters from the central well to each of the four corner 
wells. The central well is used as the injector during the 
steamflood phase. 

Noreen has experimented with completion design by utilizing 
both cased and open hole completions. The corner wells and 
central well were all cased through the pay zone and subse-
quently perforated, generally in the middle-bottom portion 
of the zone. The side wells were completed open hole. 
Upon commencement of the cyclic phase, all wells were 
equipped with sand screens. 

Cyclic Steam Stimulation Phase 

Cyclic steaming began in March 1986 at the central well. 

The first cycle steam slug sizes at the pilot wells were 
planned to be 4,000 cubic meters cold water equivalent 
(CW€). This volume was selected based on reservoir charac-
teristics, prior cyclic tests conducted on other wells in the 
pool, and other similar projects. A maximum bottomhole
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pressure constraint of 14,000 kPa was set to prevent injection 
above fracture pressure. 

The first cycle production response was very encouraging 
with peak oil rates per well of over 60 cubic meters per day 
observed. The second steam injection cycle was initiated in 
late 1986. The steam slug was essentially the same as 
Cycle 1. In general, the productivity of the wells in Cycle 2 
was lower with higher water cuts also being evident. Oil 
response after steaming was also delayed by two to four 
weeks longer than during Cycle 1. During the 10-month 
second cycle the pilot wells averaged about 30 percent less 
oil production per calendar day than during Cycle 1 with 
overall oil steam ratios declining 20 percent. 

Because of the declining oil rate observed, the decision was 
made to increase steam injection volumes in the latter por-
tions of Cycle 2 and all of Cycles 3 and 4. 
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Overall, the cyclic production performance was excellent 
with an average incremental recovery of 17 percent of the oil 
in place being observed over the three-year cycle phase. The 
average calendar day oil rates were slightly less than the 
11.9 cubic meters per day originally forecast with oil steam 
ratios higher than the 0.55 forecast. 

Equipment 

According to Salahub, the most critical and uncertain item in 
the performance of the pilot with respect to ultimate well per-
formance was the success of the sand control devices 
employed. In the fireflood pilot to the south, and in primary 
wells surrounding the steam pilot, sand production was and 
continues to be a major problem. The sand screens have per-
formed very well at the steam pilot in a high temperature 
mode, by restricting sand inflow yet allowing high produc-
tivity. Rates of up to 100 cubic meters per day total fluid 
have been observed compared to peak fluid rates of only 
8 cubic meters per thy in a primary production situation. 

Plugging of the screens has been observed in several in-
stances. Several screens have been found to be plugged with 
a calcium carbonate scale which was related to the high con-
centrations of CO being produced. The screens were suc-
cessfully cleaned with HCI and rerun. Production without a 
screen was attempted on pilot wells several times. While 
productivity was found to be 20-25 percent higher, the wells 
would not pump continuously and sanded in frequently.

Current Assessment and Future Plans 

One of the primary objectives behind the steam pilot was to 
compare the technical and economic merits relative to the 
original fireflood project conducted one mile south. It is 
clear from Figure 3, says Salahub, that the steam pilot has 
out performed the fireflood pilot in terms of production. 
Also, the fireflood expansion did not perform as well as the 
original 9-spot pattern, which leads to the conclusion that a 
steam-based process has the most promise at the Main 
Bodo. 

The next and current phase of the Bodo Steam Pilot is to 
follow-up the four cycle steam stimulation phase with a 
steam drive by way of continuous injection into the central 
well. Noreen considers this phase to be very important in 
achieving the high recoveries forecast for the pilot and future 
projects. 

The steam drive phase of the project was initiated in 
July 1989. 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 next two to three years of steam drive performance will 
be very important in determining the ultimate recovery 
process and pattern size to be chosen for the pool. A follow-
up residual heat scavenging waterflood is planned following 
the steamflood phase. By the time these phases are corn-
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plete, prototype development would be the next objective. 
Noreen envisions adding one to four patterns surrounding 
the current project as the next pilot phase required. Total 
commercial development of the pool could follow in the mid 
to late 1990s; depending on oil prices, royalty regimes and per-
formance of the current pilot. The full scale project envi-
sioned would last approximately 20 years with average 
production of 400 cubic meters per day. Cumulative 
recovery, assuming a 45 percent recovery of the development 
area within the better portion of the pool, would be 
3.3 million cubic meters.

#fl# 

OSLO STRUGGLES AHEAD AFTER LOSS OF FEDERAL 
FUNDING COMMITMENT 

In February Canada's Finance Minister Michael Wilson 
delivered a new federal budget containing an Expenditure 
Control Plan. 

Beginning in 1990-91, the government will be adopting a 
policy that, with limited exceptions, will eliminate grants to 
business. Federal financial contributions providing assis-
tance to business will be repayable on more rigorous terms, 
rather than being straight grants or subsidies. 

OSLO Construction Support Canceled 

Among other items, it was announced that federal support 
for the OSLO and Polar S icebreaker projects would be can-
celed and the Canadian Exploration Incentive Program 
would be terminated. 

According to Wilson, the Expenditure Control Plan contains 
measures to bring the growth of major transfers to provinces 
more into line with general federal program spending. 
These measures reflect the fact that the federal debt and 
deficit situation is considerably worse than that of provinces. 
The Expenditure Control Plan measures affecting major 
transfers to provinces are structured so as to maintain more 
support to the low-income provinces than to the provinces 
with the strongest fiscal capacity. 

Wilson's announcement noted that the OSLO project in 
northeastern Alberta would be the third major oil sands 
project in the region. In the fall of 1988, the federal govern-
ment and the government of Alberta entered into an agree-
ment in principle with the project's sponsors to provide finan-
cial assistance for the project. 

Given the present and foreseeable fiscal environment, the 
government has reviewed this initiative and has decided not 
to proceed with the offer of financial assistance for the con-
struction and operating phases of the project. The govern-

ment said it would continue to provide its share of funding 
for the engineering phase, which is to be completed by 
July 1991. This withdrawal will result in saving $650 million 
in federal assistance that had been projected for the construc-
tion phase of the project. 

Alberta/Petro-Canada Controversy 

Responding to the federal budget announcement, 
G. Willmon, chairman of the six-member OSLO partners 
consortium and vice president of oil sands development for 
Esso Resources Canada, said the government's decision was 
a surprise but not a death blow to the project. 

At a later news conference in February, the chairman of 
Petro-Canada, B. Hopper, told reporters that he had misgiv-
ings about the economic realities of the project, referring to 
OSLO as "a dog." 

This caused R. Orman, Alberta's provincial energy minister, 
to announce that "as a result of the decision by the federal 
government and subsequent comments by the chairman of 
Petro-Canada," Alberta had decided to review the contract 
terms of all 70 provincial oil sands and heavy oil leases held 
in Alberta by Petro-Canada. 

"The letter of the law states that unless action occurs on 
these leases within a year from notice being given (by Al- 
berta to Petro-Canada), those leases will revert to the 
crown," Orman said. 

Those leases represent an estimated 250 billion barrels of 
reserves in place, with Petro-Canada being by far the largest 
oil sands lease holder in Alberta. 

Orman said he was shocked at the news conference com-
ment by Petro-Canada. 

"This is the first indication we have had from Petro-Canada 
that they have an adverse view about how this project is 
proceeding," Orman said. The next day, Petro-Canada chair-
man Hopper issued a statement in which he apologized for 
what he called his "unfortunate and damaging remarks." 

Hopper said Petro-Canada is prepared to continue its sup-
port of OSLO's preliminary engineering studies, but 
refrained from any endorsement of the project. 

Possible Support from Ontario 

Alberta Premier Don Getty has approached Ontario Premier 
David Peterson with a proposal for Ontario to invest in 
OSLO as a partial replacement for the lost federal commit-
ment. 

Getty's move is a reminder of how the financing for 
Syncrude was put together in 1975. Ontario took a 5 percent 
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interest as part of a deal to keep that project afloat after At-
lantic Richfield dropped out. 

Alberta's then Premier Peter Lougheed played the key role 
in that deal, persuading Ontario's then-Premier Bill Davis to 
join the Syncnide consortium; energy security in the after-
math of the 1974 OPEC oil crisis played a major part in the 
decision. 

Canadian Energy Minister Jake Epp says the federal 
government's "no" to project financing is a fiscal decision 
that does not reflect on OSLO's merits or Canada's declining 
oil production balance. Ottawa simply cannot afford the in-
vestment, given its mandate to reduce the annual deficit and 
begin paying down the accumulated national debt in 1994. 

A March news release from the OSLO project stated, "The 
OSLO project is working very hard with the Alberta and 
federal governments to finalize the terms of their commit-
ments so that we can continue with the work currently in 
progress, and move toward the decision of whether or not to 
proceed into construction of this energy development." 

Commenting on the current outlook within the project, 
J. Lynn, project executive, observed, "We have 130 very dedi-
cated staff working on the project today. We believe we can 
develop a project that will be an attractive investment oppor-
tunity. We are devoting our energies toward concluding the 
preliminary design and regulatory approvals in a timely man-
ner. Resolution of the commitments made between the 
governments and OSLO will help toward this end. The long 
term benefits of this project for Canada are significant—we 
are working to make them a reality." 

The OSLO project is being planned for construction to com-
mence in 1992. OSLO is preparing to file an application 
with the Alberta Energy Resources Conservation Board late 
in 1990 to seek regulatory approval for construction of the 
development, which by 1997 could see a build up to 
77,000 barrels of high quality synthetic crude oil produced 
daily. 

Current work on the project design and selection of the 
processes to be utilized in the operation is progressing ac-
cording to a schedule that by July 1991 should result in a 
detailed project description, regulatory approvals and a deci-
sion whether or not to proceed with the construction phase 
of the development. 

Following regulatory approval and a favorable construction 
decision, there could be approximately 20,000 work years of 
employment with a peak workforce nearing 6,500 persons 
during the construction phase. In 1997, when production of 
synthetic crude oil could start, projections are for nearly 
2,000 sustained operating jobs at the plant site.

Costs for the preliminary design and regulatory component 
of the project are anticipated to reach almost $140 million by 
the time these components would be completed. 

At present, OSLO says construction costs are still uncertain 
as they reflect a lack of definition of certain process tech-
nologies and contain an appropriate level of contingency. 

Ongoing extraction pilot work will give better definition of 
achievable recovery rates of bitumen from the oil sand. 
Small incremental improvements here will make a significant 
difference to the overall project. 

The extraction process to be utilized in removing the 
bitumen from the oil sand has been the subject of con-
siderable study. Ore from specific sites can be composed of 
significantly different geological and geochemical properties. 
Pilot plant work since October 1989 has been investigating 
the combinations of vessels, additives, and operating con-
figurations that could yield the most effective recovery rate 
of bitumen from the OSLO oil sand. During 1989 a bulk 
sample pit was opened on the OSLO lease to obtain ore 
from the actual mine site area for pilot tests. 

Upgrading of the bitumen recovered during the extraction 
process will utilize a high conversion, hydrogen addition tech-
nology that has been demonstrated to significantly increase 
yield and quality of the synthetic crude oil produced, beyond 
levels currently attained at operating oil sands developments. 

Environmental planning for the OSLO project has been un-
derway for a number of years. Preliminary studies of 
baseline environmental conditions in the development area 
and the surrounding region were undertaken in 1985 and 
1986. Further studies of air and water quality, aquatic and 
terrestrial resources and community socioeconomic condi-
tions were conducted in 1988 and 1989. Extensive studies 
conducted by both government and industry provide a sig-
nificant knowledge base to support the Environmental Im-
pact Assessment process now underway for the project: 

fl## 

OIL SANDS PROFITS JUMP AT SUNCOR 

In its 1989 annual report, Suncor Inc. says 1989 was a year of 
significant successes. The company's financial results took a 
dramatic turnaround. With each of its businesses achieving 
excellent levels of operating performance, Suncor benefited 
fully from a rise in crude oil prices. Earnings were 
$49 million, the highest since 1984, and Suncor's year-end 
debt position was substantially lower than the year before. 
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Among Suncor's most important achievements in 1989 was 
the outstanding performance of the oil sands plant. Oil 
Sands Group's continuing efforts to improve the integrity of 
the plant are paying off, says the company, and the facility 
has become a much more reliable, consistent operation. For 
almost two years, the plant has sustained consistently high 
production levels, breaking many previous records, while 
keeping costs down. 

Oil Sands Group produced an avenge 57,200 barrels per 
day, breaking its previous record for annual synthetic crude 
production. Since resuming full production in April 1988 
after a fire in the fall of 1987, Oil Sands Group has main-
tained consistently high production levels at a cash operating 
cost of about $14.75 per barrel. In 1989, earnings increased 
significantly to $34 million, compared with a loss of 
$11 million in 1988. 

Plant Reliability 

Oil Sands Group continued to emphasize plant reliability 
and says it made considerable progress in the area. One of 
the reasons for advancement was further refinement of the 
sophisticated information systems used to detect potential 
equipment failure and determine the appropriate main-
tenance frequency. The improvements, in many cases, 
enabled the Group to determine the underlying causes of 
failures, predict when equipment is likely to fail and take 
necessary measures to prevent problems from occurring. 

In 1989, the Group intensified efforts to eliminate or reduce 
plant operating risks. Following the 1987 fire, Oil Sands 
Group identified a number of measures to reduce risks. 
Some were implemented in 1989, and the remaining 
measures will be introduced over the next three years. 

To date, the Group has made substantial improvements to 
the plant's reliability. Over the past seven years, complete 
areas have been overhauled, including upgrading, extraction 
and the plant's electrical system. Among the major items 
still to be addressed are upgrades to the main boilers and 
their instrumentation and water treatment systems. 

Operating Costs 

While high, sustained production rates have helped control 
unit operating costs, Oil Sands Group notes that it is con-
tinually searching for additional means of lowering costs. In 
1989, the Group held costs down, in part, by adopting a 
zero-based" focus on its operations. Zero-basing involved 

assessing the value of all plant activities and allowing only 
essential work to proceed. 

Royalties and capital expenditures are also part of Oil Sands 
Group's cost structure and, like operating costs, are con-
stantly under review. Two years ago, Suncor worked with

the Alberta government to make the royalty regime on the 
plant's production more sensitive to profits. 

Cash operating costs in 1985 were approximately $210 per 
cubic meter, and are now less than $120 per cubic meter. 

Environmental Initiatives 

One of the major projects undertaken in 1989 was planning 
for a pilot plant to recover sulfur dioxide from the utilities' 
stack gases. Set to be built in 1990, 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. 

The Group also worked with the Fort Chipewyan Indian 
Band to study the sediment quality of the Athabasca River 
Delta. 

Odors remained an issue during the year, even though extrac-
tion plant tailings odors were reduced with the 1988 startup 
of the naphtha recovery unit. To deal with the issue, Oil 
Sands Group worked with a panel of community members to 
study and identify odors. Abatement plans will be completed 
in early 1990, and the issue is expected to be resolved by 
mid-1991. 

Future Activities 

Work will continue on the debottlenecking project. Oil 
Sands Group has initiated a phased approach to the project 
that will increase plant capacity without the large, upfront 
cash requirements of the original proposal. However, like 
the original project, a phased approach will lower per-barrel 
cash costs. 

As well, Oil Sands Group will continue to evaluate alterna-
tives to replace its existing leases when they are fully mined. 
Already, the Group has acquired an option to purchase a 
lease across the river from its existing operation and is con-
sidering the acquisition of adjacent leases. 

New Royalty Regimes 

On March 1, 1989, the existing gross overriding royalty agree-
ment with Norcen Energy Resources on the operation's main 
lease was changed to make it more sensitive to price, with 
the rate based on a graduated scale. In 1989 under the new 
arrangement, no royalty was payable at a price below 
C$16 per barrel. At a price of C$16 per barrel, a royalty of 
1.5 percent was payable, while at a price of C$20 per barrel 
the royalty rate was 3.5 percent. The graduated scale is ad-
justed annually by a contractually determined inflation com-
ponent. 

The current Crown royalty structure commenced 
July 1, 1987, and is generally the greater of 2 percent of

- 
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revenues or 15 percent of revenues minus allowed operating 
and capital costs. This structure will remain in place until 
December 31, 1991, when the royalty will change significantly 
to be the greater of 5 percent of revenues or 30 percent of 
revenues less allowed operating and capital costs. 

Investment Partner Sought 

Despite its unproved financial performance in 1989, part of 
the Suncor oil sands plant is being offered for sale by its 
parent company. 

According to T. Thomson, Suncor chairman and chief execu-
the officer, the move to sell a share in the plant is part of an 
ongoing strategy to improve the corporation's reliability of 
earnings and reduce its dependence on the oil sands opera-
tion. He added the corporation continues to have great faith 
in the future of oil sands and that the company is looking for 
investors to participate in the plant and to help with initiat-
ing debottlenecking expenditures that will increase the 
plant's production and lower the per-barrel operating costs. 

nfl 

PEACE RIVER EXPANSION PROJECT COMPLETES 
THIRD YEAR OF OPERATION 

Shell Canada Ltd. has completed 10 years of operating the 
Peace River In Situ Pilot (PRISP) and three years of operat-
ing the Peace River Expansion Project (PREP). Although 
future expansion plans are currently on hold, efforts con-
tinue to improve the efficiency of existing operations, to 
reduce operating costs and to develop methods to meet 
more stringent environmental guidelines. Project status was 
discussed by J.I. Chambers at the AOSTRA Oil Sands 2000 
conference. 

The Shell Peace River Oil Sands Project is located in north-
ern Alberta, Canada 400 kilometers northwest of Edmonton. 
The producing formation, the Bullhead sandstone, is ap-
proximately 550 meters below surface in this area and has an 
average pay thickness of 25 meters. At the base of the forma-
tion is a highly permeable, relatively thin (2 meters) mobile 
water zone. This so-called Basal Water Zone (BWZ) is 
specific to Peace River, and is not typically found in the Cold 
Lake/Wolf Lake areas. Its presence is important in that it 
assists in the injection and areal distribution of steam in the 
formation. 

The estimated net exploitable bitumen reserves of Shell's 
Peace River acreage are 1.4 billion cubic meters, of which 
55 percent are estimated to be recoverable. The bitumen in 
place is characterized by 8-100API gravity and a viscosity of 
200,000 centipoise (at 200C), the latter of which is the 
highest of all commercial thermal projects in Alberta.

Shell Canada's active research involvement in the Peace 
River oil sand deposit began in the early 1960s. Field and 
laboratory experiments through the mid-1970s culminated in 
October 1979 with the startup of the PRISP as a joint ven- 
ture between Shell Canada Resources Limited (operator), 
Alberta Oil Sands Technology and Research Authority 
(AOSTRA), Shell Explorer Limited and Amoco Canada 
Petroleum Company Limited. The pilot was designed to test 
the pressure cycle steam drive recovery process. This con-
sisted of alternating high rate steam injection with periods of 
minimum injection (i.e. pressure-up and blowdown), using 
dedicated injection and production wells. The plant was 
designed for a bitumen production rate of 550 cubic meters 
per day. The project is now nearing the end of its originally 
forecast 10-year life and has met all original expectations, ac-
cording to Chambers. Based on performance of the current 
(and last) scheduled blowdown cycle, one more pressure-
up/blowdown cycle may be added, extending the life of the 
pilot a further 1.5 years. 

A commercial expansion was added during 1984 and 1985 
(Peace River Expansion Project), and started up in 
October 1986. Shell Canada Limited's sole partner in this 
project is Pecten Canada Limited (formerly Shell Explorer). 
Consisting of 213 directionally drilled wells divided into eight 
pads (Figure 1), the expansion increased bitumen production 
capacity to 1,600 cubic meters per day. On the plant side it 
increased steam generation capacity by 6,400 cubic meters 
per calendar day and total gross produced fluid capacity to 
8,000 cubic meters per calendar thy. 

Much of what was learned in the earlier years of PRJSP 
operation was used in the development of PREP. As a 
result, PREP involved an initial two to three year period of 
multisoak operation followed by pressure cycle steam drive. 
Multisoaking was incorporated to assist in the early develop-
ment of heat communication between injectors and offset 
producers and to accelerate bitumen production. This stage 
of the project has been very successful, says Chambers. Phas-
ing of steam injection between clusters was scheduled to fully 
utilize steam generation capacity throughout the life of the 
project and to even out bitumen production from the field. 
After three full years of operation, PREP continues to paral-
lel PRISP in terms of performance by meeting forecast 
bitumen production (Figure 2). 

A number of changes have been made to both the field and 
the process side of the Peace River operation during the past 
three years, to improve efficiency and to reduce operating 
costs. 

Well Testing 

The single most important improvement in the field was 
made in the area of well testing. A two-year investigative ef-
fort and a field trial resulted in the installation of AGAR net 
oil monitors to improve tar cut accuracy and repeatability.

- 
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The AGAR instrument uses microwave energy and internal 
calibration curves to continuously measure the water cut of a 
flowing liquid stream. Use of these units has eliminated the 
need for manual sample collection which has reduced the lab 
manpower requirements and greatly increased operating 
safety (Peace River produced fluids are sour and associated 
gas can be up to 10 percent 11,8). Furthermore, it has al- 
lowed well test frequency to te tripled (24 hour test to 
8 hour test) providing better data on reservoir performance 
and bitumen production. 

Steam Foam Project 

In 1987, a project was initiated to evaluate the use of a steam 
additive to assist the recovery process. 

Indications were that improvements in recovery of as much 
as 10 percent could be achieved through successful applica-
tion of steam foam. Surfactant addition was piloted at 
PRISP starting in May 1988 for a period of four months. In-
dications at surface were that foam was generated in situ as 
evidenced by an increase in injection pressure at those wells 
used in the pilot. The overall effect of surfactant injection 
on bitumen recovery will not be known until completion of 
the current blowdown phase and subsequent data analysis. 

Debottlenecklng 

Initial operations indicated severe limitations in the areas of 
heat integration and fluid hydraulics. Continuous monitor-
ing and ongoing optimization efforts such as piping modifica-
tions, exchanger cleaning and chemical optimization have 
resulted in an increase in plant fluid handling capacity to 
over 10,000 cubic meters per day (approximately 125 percent 
of design). 

Future Developments 

Chambers stated that work is also underway to meet the new 
environmental challenges facing the industry. Two areas 
with specific application at Peace River are produced solids 
(mostly sand and scale) handling and disposal and produced 
water recycle. 

The produced solids are recovered from PREP separators 
and treaters in the form of a dilute sludge. Oil and water are 
recovered from a tank as they separate due to the effects of 
heat and gravity and are then reprocessed. The residual 
solids are then transferred to a clay-lined solids pit for long-
term storage. In spite of the low volume of produced solids 
(about 60 tonnes per year), it is ultimately desirable to 
produce a cleaner solids residue. Ongoing research effort 
has been directed towards the reduction of solids volumes. 

Produced water recycle is a part of the long-term Peace 
River strategy. The initial target for PREP was 30 percent 
water recycle by 1990. Ongoing research has shown this to 
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be an unrealistic objective as the development of a suitable 
water recycle process has been more difficult than originally 
thought. Shell's efforts in this area have focused on ion ex-
change softening without silica removal. A produced water 
recycle pilot was designed and operated between 1987 and 
1988 at the Peace River complex to test out the proposed 
process. Problems specific to steam generator operation 
were encountered during the pilot. 

Ongoing research activity will continue to develop technol-
ogy for produced water recycle with the objective of an ac-
ceptable process in the future. 

SYNCRUDE SURPASSES 200,000 BPD PRODUCTION 
CAPABILITY 

Syncrude Canada Ltd's five-year run of record-breaking 
production came to an end in 1989 as annual production 
declined to 54.01 million barrels of synthetic crude oil. This 
compares with 54.9 million barrels in 1988. Three scheduled 
maintenance shutdowns during the year are blamed for the

decrease. The company says a fife and explosion on 
December 16 had no bearing on production figures. 

Syncrude had set production records for five  consecutive 
years before 1989, with 47.4 million barrels produced in 1986 
and SO million barrels in 1987. 

The December fire and explosion at the Syncrude plant 
reduced the daily average synthetic crude oil production for 
the first quarter of 1990 by about 23 percent. 

By the middle of March, all units were back on line. With no 
maintenance shutdowns scheduled for 1990, the company 
hopes to achieve a new record production of 60 million bar-
rels for the year. 

As of March 28, the plant was producing 206,000 barrels per 
day, far in excess of its usually stated capacity. At that rate, 
60 million barrels for the year would be easily achievable 
despite the first quarter slowdown. 

Recently, both the Alberta government and Amoco Canada 
have indicated a desire to sell their shares in Syncrude. 

fl## 
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CORPORATIONS 

PEACE RIVER OUTPUT REACHES DESIGN CAPACITY 

Shell Canada's annual report notes that bitumen output 
from the Peace River in situ oil sands complex in northern 
Alberta was increased to design capacity of 1,600 cubic 
meters a day in 1989. Cost reductions and higher prices al. 
lowed the complex to achieve a positive cash flow. 

fin 

PANCANADIAN SEES OSLO AS A KEY PROJECT FOR 
THE FUTURE 

PanCanadian Petroleum Limited, at its annual meeting in 
Calgary, Alberta, Canada April 10, heard B.B. Rombough, 
chairman and chief executive officer, state that in 1989, "We 
continued to be an industry leader in drilling." "Our explora-
tion and development expenditures totaled $268.9 million, 
down 7 percent from the $288.0 million in 1988. We kept 
16 drilling and completion rigs working on average for most 
of 1989 and as a result we, as Operator, drilled 228 wells in 
Canada. M was the case inl988,we ranked rim in the in-
dustry in terms of footage drilled." 

PanCanadian's production and sales were at high levels 
throughout 1989 with total crude oil and natural gas liquids 
reaching a record average 86,750 barrels per day. As a result 
of higher crude oil prices and production, PanCanadian fin-
proved its gross revenue by 14 percent over 1988 to 
$790 million, the highest level since 1985. 

Expenses totaled $585.2 million, exceeding 1988 costs by 
16 percent. Main contributors to the higher expenses ex-
perienced in 1989 were a $37 million increase resulting from 
a larger ownership position in Syncrude, a $21 million in-
crease in interest expense and an additional $16 million for 
depreciation and depletion allowances. 

PanCanadian noted that engineering and feasibility studies 
are continuing on the OSLO project; the ultimate decision to 
proceed or not to proceed will be dependent on the outlook 
for oil prices and any incentives provided by Alberta. Pan-
Canadian sees "the OSLO project as an important one and, 
subject to the uncertainties involved, we intend to be a con-
tinuing part of this project." 

Rombough concluded that PanCanadian now has a market 
capitalization of $3.5 billion and only $357 million of long-
term debt at the close of the decade. The company is well

positioned to maintain aggressive exploration and develop-
ment programs in the future. 

fist 

NORCEN COMPLETES BUYOUT OF WESTMIN OIL 
AND GAS ASSETS 

On November 30, 1989, Noreen completed the acquisition of 
the oil and gas assets of Westniin Resources Limited for a 
total consideration of $453.2 Million. In its annual report, 
Noreen notes that the Westmin acquisition represents a 
strategic initiative for Noreen, adding 39 million barrels of 
crude oil and natural gas liquids and 451 billion cubic feet of 
natural gas to established reserves. In addition, the acquisi-
tion provides Noreen with the opportunity to develop 
Westmin's significant heavy oil reserve potential as the 
economics of heavy oil development improve through the 
next decade. The acquisition, and the manner by which it 
was financed, has made Noreen a larger, rmancially stronger 
energy company with greater capability to compete in large 
scale projects, both domestically and internationally. The 
Westmin assets, located almost entirely in western Canada, 
are expected to contribute approximately 7,400 barrels per 
day of oil and 70 million cubic feet per day of gas to 
Noreen's production volumes in 1990. 

#5', 

ARC REPORT HIGHLIGHTS HEAVY OIL WORK 

The Alberta Research Council (ARC) Annual Report 1989 
states that the Coal and Hydrocarbon Processing Depart-
ment has established a technological niche by using heavy 
oils for coal agglomeration. The ARC and the Electric 
Power Research Institute (EPRI) have led a consortium of 
18 Canadian and United States resource and utility com-
panies and government agencies which fund laboratory and 
pilot plant agglomeration process development. The 
program has three objectives: (1) upgrading Alberta sub-
bituminous coal, (2) reduction of pyritic sulfur in bituminous 
coal, and (3) clean up of oily wastes. The latter is aimed at 
reclaiming hydrocarbons from contaminated wastes leaving 
environmentally acceptable soil and water. 

Pyrite rejection is the objective of a subcontract with 
Southern Company Services, Inc., Birmingham, Alabama, 
funded by the United States Department of Energy under its 
Clean Coal program. The Research Council will receive 
$3.4 million over 42 months to generate data and design 
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criteria for the construction of a 100 ton per day pilot plant 
in Wilsonville, Alabama. Up to 90 percent of the pyritic sul-
fur can be rejected using the agglomeration process, thus al-
lowing power companies to comply with sulfur dioxide emis-
sion control levels. 

Heavy Oil Upgrading

end, 252,000 barrels of crude oil had been produced from 
this well. Ultimate recovery from the reservoir, using com-
mercial steamflooding and a series of horizontal wells, could 
reach 17 million barrels of crude oil. Sceptre's net interest in 
this project is 50 percent.

fin 
The largest program on heavy oil upgrading is jointly funded 
by the Alberta Oil Sands Technology and Research 
Authority (AOSTRA) and the Alberta Research Council. 
Two patent applications have been filed as the result of 
research on high-conversion processes and the mechanism of 
coke formation, and others are under development. 

Catalytic processes are at the heart of the new generation of 
oil sand bitumen and heavy oil upgrading plants to be lo-
cated in Alberta, Canada. A program aimed at designing 
catalysts, specifically tailored to Alberta feedstocks, has 
Provided preliminary results which indicate these catalysts 
can improve conversion of the asphaltenic components in 
heavy oils. 

Kasten-Eadie Technology Ltd. retained the department to 
generate design data for a process to partially upgrade heavy 
oil to pipeline specification quality. Pilot plant tests have 
proven the technical viability of this process. 

Alberta subbituminous coal and Cold Lake heavy oil were 
selected as a feedstock pair in the development of Hydrocar-
bon Research Inc. coprocessing technology. The program, 
sponsored by the United States Department of Energy, 
EPRI, Ruhrkohle Gel Und Gas GmbH, West Germany, Mit-
sui SRC Development Company Ltd. of Japan, Ontario-
Ohio Synthetic Fuels Corporation, and the Alberta Research 
Council, has evaluated a series of North American, Japanese 
and German coals. 

SCEPTRE EXPANDS HEAVY CRUDE OIL ACTIVITY 

In 1987, Sceptre Resources Limited drilled its first horizontal 
well at Tangleflags, Saskatchewan. Since that time, the ap-
plication of this technology has become a major component 
of the company's plan to expand its crude oil reserves and 
production. 

Steamflooding operations at the horizontal well at 
Tangleflags continued to produce favorable results in 1989. 
Production initially rose to 800 barrels of oil per day in 
May 1989. This level declined early in the summer due to 
the limitations of the project's treating and handling 
facilities. Following facilities expansion, production peaked 
at rates in excess of 1,000 barrels per day in 1989. At year

AMOCO CANADA TESTS RECOVERY TECHNIQUES 

According to Form 10-K filed with the Securities and Ex-
change Commission, Amoco Canada Petroleum Company, 
Ltd. holds 13 million gross acres of oil sands leases and per-
mits in Alberta and Saskatchewan. new areas contain sub-
stantial quantities of crude bitumen and heavy oil. Crude 
bitumen is a highly viscous oil which normally cannot be 
recovered by conventional oil recovery means but which 
Amoco Canada believes will become an important source of 
hydrocarbon supply. Amoco Canada estimates that more 
than 75 percent of Alberta's total oil sands deposits are 
buried so deeply that they can be produced only by in situ 
recovery techniques. In these cases, the installation of a 
pilot project typically precedes the initiation of commercial 
development. 

Amoco Canada says it is engaged in a number of major 
projects and studies designed to develop techniques for com-
mercial recovery of both crude bitumen and heavy oil. 

One such project is a 16,320 acre oil sands lease near the 
town of Elk Point in Alberta, Canada where Amoco Canada 
is testing a variety of recovery techniques, including primary, 
cyclic steam stimulation (alternate steam 
injection/production) and steamflooding. 

Adjacent to the Elk Point property, Amoco Canada also has 
interests in the approximately 92,000 acre Lindbergh oil 
sands area. Commercial development began at Lindbergh in 
1985. In addition to primary production, two other major 
recovery techniques are being evaluated: cyclic steam 
stimulation and oxygen combustion thermal drive. Plans for 
1990 are to continue with operation of both pilot projects, 
and to maintain primary production in the commercial 
project. 

The Primrose heavy oil project encompasses 12,800 acres of 
land out of the total 200,000 acre Primrose lease block. 
Operation of a 31-well, two-acre spacing cyclic steam stimula-
tion pilot project was started in 1983. While current low 
crude oil prices and price uncertainty have delayed commer-
cial development, the objective is to proceed with commer-
cial development as soon as it can be economically justified. 

Amoco Canada operates a cyclic steam pilot project in the 
Soars Lake area in Alberta, where it has a 22,000 acre oil 
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sands lease. The pilot, which commenced production in 
June 1988, consists of 16 wells on 10-acre spacing. All these 
wells are slant-drilled from a central pad. 

Amoco Canada is also involved in experimental oil sands 
projects at Wabasca, Gregoire Lake, Morgan, David, 
Athabasca and Ipiatik in Alberta. 

Research and Development Activities 

Amoco Canada conducts research and development ac-
tivities directed towards developing techniques for improving 
the exploration for, and recovery of, conventional crude oil, 
and the extraction of oil from oil sands. In 1989 the com-
pany spent a total of $26 million on research and develop-
ment. 

Expenditures to develop technology through pilot operations 
were $16 million in 1989. Expenditures on research and 
development through third party and United States affiliate 
companies were $10 million in 1989. Approximately 
85 percent of these expenditures for 1989 was spent under a 
reciprocal arrangement whereby Amoco Canada contributes 
to the cost of research performed by affiliated companies in 
return for the right to utilize all patents and technology 
developed. The remaining 15 percent was directed toward 
research initiatives at universities and other institutions. 

MURPHY RESTARTS LINDBERGH PROJECT 

Enhanced oil recovery, the future of Murphy Oil 
Corporation's heavy oil activity, continues to suffer at cur-
rent prices. In its annual report, it says that the Lindbergh 
project returned to production on a limited basis in the last 
quarter of 1989, after being shut down for a year. Initial 
results have been very encouraging, but an expansion to full 
capacity depends on heavy oil prices, market assessment, and 
operating costs. 

At Tangleflags, the well drilled 1,200 feet horizontally in 
1987 through a heavy oil reservoir with top-down steam drive 
continues to meet expectations. It is currently producing 
950 barrels of oil a day (475 net to Murphy), with a total 
fluid production of 5,500 barrels a thy. This technology has 
application to several other Murphy properties with large 
resources of heavy oil in place. Activities at other enhanced 
recovery projects await higher prices.

- 
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ORS REPORTS PROGRESS ON EM PROCESS 

ORS Corporation reported the first installation for a major 
international oil company of their Electromagnetic Well 
Stimulation Process, the EM Process. 

The EM Process is a thermal stimulation technique ac-
complished through the use of electromagnetic energy to 
heat the near wellbore region of oil and gas wells. Factors 
limiting productivity of wells occur in this region. These fac-
tors include increased oil viscosity, wax precipitation, and gas 
hydrate deposition. Heating of the reservoir eliminates the 
effects of these phenomena, thereby enhancing productivity 
by two to ten times, says ORS, depending on the characteris-
tics of the reservoir and the nature of its productivity 
problem. The use of the EM Process also substantially 
reduces the unit cost of production on wells where it is ap-
plicable. 

Effective September 1, 1989, a joint venture company, EOR 
International Inc., began business activity from its opera-
tional headquarters in Calgary, Alberta, Canada. 

EOR International is currently performing the following con-
tracts:

Nederlandse Aardolie Maatschappij (NAM)—This 
company is a joint venture between Royal Dutch 
Shell and Esso which operates those companies' oil 
and gas properties in Holland and in the Dutch 
region of the North Sea. The EM Process has been 
installed and is operating in a NAM test well in the 
Schoonebeek Field in northeastern Holland. This 
installation is an experimental use of the EM 
Process; EOR is trying to cause oil production to 
occur from a part of the reservoir which does not 
produce at all because of severe blockage of the 
reservoir by wax. 

Canada Northwest Energy (CNW)—CNW is the 
operator and owner, with others, in several wells 
utilizing the EM Process in the Lloydminster heavy 
oil region of Alberta and Saskatchewan in Canada. 
Typical results have been sustained increases in oil 
production by a factor of three along with sig-
nificant decreases in percentage of associated water 
production. Eleven more wells operated by CNW 
in this region will be equipped with the EM 
Process in the spring of 1990. 

- Mazzei Oil and Gas—The EM Process has been in-
stalled in three wells in the Frog Lake field in Al-
berta for this independent operator. Sustained 
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production increases of three to four times are 
reported to have been experienced on these wells. 

PanCanadian Petroleum—The EM Process has 
been installed in one well for PanCanadian in the 
Frog Lake field of Alberta, and two more are 
planned for this spring. Power will be applied to 
the first well also this spring. 

Ranchmen's Resources—Ranchmen's, a subsidiary 
of TOTAL, the French international oil company, 
is an active Canadian independent. A detailed 
reservoir study is taking place in preparation for 
EM stimulation in at least one test well in the first 
half of 1990. 

Petroleo Brasileiro S.A. (Petrobras)—Petrobras, 
the state oil company of Brazil, has operated a test 
well with the EM Process since December 1987. 
The well is located in the Potiguar Basin, a major 
heavy oil region in northeastern Brazil. A produc-
tion increase of 800 percent has been achieved on 
this well. 

Pentex Oil Ltd.—Pentex is an independent United 
Kingdom oil operator based in Aberdeen, Scot-
land. A version of the EM Process which heats 
only the production tubing in wells has succeeded 
in eliminating wax deposition problems in a Pentex 
well in Scotland. 

Norsk Bronnservice A.S. (NBS)—NBS is a Nor-
wegian oil well service company providing fractur-
ing, sand control, and well testing services to Nor-
wegian North Sea operators. NBS recently con-
cluded the formation of a joint venture with 
VNIIGNI, a Russian acronym for the Soviet Minis-
try of Geology. The joint venture will operate in 
the Soviet Union to provide Western oil well serv-
ice technology to its industry including electromag-
netic stimulation. EOR has an agreement with 
NBS to provide the EM Process and services to 
them for use in the Soviet Union. NES advises that 
plans are set to commence work on a three to five 
well pilot test of the EM Process in a Russian field 
with a potential for 1,500 to 2,000 installations if 
the pilot is successful. 

AEC HIGHLIGHTS SYNCRUDE ADVANCES 

In Alberta Energy Company, Ltd's. (AEC) 1989 annual 
report, president S.E. Mitchell states that AEC's major ac-
tivity continues to be gas and conventional oil exploration

and production. He says that during the past year, the Oil 
and Gas Division explored profitably, maintained high 
production levels and low operating costs, and marketed its 
production using a variety of resourceful strategies. AEC is 
also involved in significant heavy oil and oil sands activities. 

Other investments include 67 percent of the plant that sup-
plies Syncrude with steam and electric power, 25 percent of a 
coal mine, and interests in forest products and petrochemi-
cals. It also includes revenues from a 25 percent interest in a 
natural gas liquids extraction plant and 50 percent of Pan-
Alberta Gas, a natural gas marketing company which had an 
outstanding year in meeting a number of marketing and 
regulatory challenges. 

In Situ Heavy Oil Sands 

Heavy oil is an untapped AEC asset with the potential to re-
place a significant portion of Canada's declining conven-
tional oil supplies. AEC's holdings include some of the 
highest quality, most valuable undeveloped heavy oil 
resources in Canada, says the company, and these will be 
among the first to be developed as oil prices continue to be-
come more attractive. 

AEC and a co-venturer are now proceeding with a major 
pilot project in the Caribou Lake region of the 2,000-Square-
mile Primrose Range north of Cold Lake, Alberta, Canada. 
Another pilot, at Ipiatik in the northwest portion of the 
range, has been suspended because other areas of Primrose 
have greater potential for future commercial development. 

Syncrude 

AEC has a 10 percent joint venture interest in Syncrude and 
an average 7 percent overriding royalty on another 
10 percent of revenue. Syncrude is the world's largest oil 
sands mining plant. 

Syncrude is a cost-efficient plant, says the report. In 1989, 
AEC's share of production totaled 14,800 barrels per day, 
compared with 15,000 barrels per day in 1988. Despite a 
variety of set-backs, cash operating costs were held to 
$17.17 per barrel compared with $14.82 per barrel in 1988. 
Lower unit operating costs and higher production levels are 
expected in 1990. 

Syncrude produces a high quality light oil that competes with 
other light oils in the North American marketplace. During 
the past year, AEC further diversified into this market by 
securing a United States buyer for a portion of its output. 

Syncrude is a major developer of new technology for oil 
sands. The $680 million hydrocracker upgrader now in-
tegrated into Syncrude's operation is a first in the oil sands 
industry. The naphtha recovery unit, designed by Syncrude 
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to recover naphtha from extraction tailings, was successfully 
licensed in 1989 to an industrial third party. 

Synthetic oil now comprises about 20 percent of Canada's 
light and medium oil production. While conventional light 
oil production will continue to decline, Syncrude has a 
reserve base capable of sustaining current production levels 
well into the next century, says ABC. 

In a special news release on May 16, ABC said it intends to 
retain its ownership interest of the Syncrude oil sands 
facility. "That ownership position is a significant and grow-
ing source of cash flow for ABC, with even more potential as 
plant capacity is expanded and oil prices strengthen," said 
Gwyn Morgan, president of ABC Oil and Gas Company, a 
Division of Alberta Energy Company. 

ABC commended Syncrude personnel for a sterling operat-
ing performance which, over five years, has seen only one sig-
nificant incident causing a short-term major loss of produc-
tion. 

The company said many recent media inquiries about AEC's 
position have been stimulated by several other owners 
publicly expressing an interest in selling their shares of 
Syncrude. Mr. Morgan said these sales are, he believes, 
primarily stimulated by the desire to raise significant 
amounts of capital from a stand-alone, high quality asset. 

He also noted that, with falling conventional oil production, 
heavy oil and synthetic crude from oil sands are the only way 
in which Canada can avoid very major increases in imports 
from OPEC countries. 

Pipelines Division 

ABC Pipelines completed a major expansion and modifica-
tion of its Cold Lake Heavy Oil Pipeline with the construc-
tion of the La Corey Pipeline Terminal. This modification, 
which incorporates variable speed pump technology, in-
creases AEC's capability to transport larger volumes of 
heavy oil from northeastern Alberta to Edmonton. 

##h# 

BP CANADA PUT WOLF LAKE 2 ON HOLD IN 1989 

In BP Canada's annual report, president V. Claydon an-
nounced that a major review of B? Canada's strategy con-
cerning oil sands had been conducted in 1989. 

Studies have shown that, in the short term, the combined 
Wolf Lake 1 and 2 facilities would operate only at or about a

cash break-even level and that net income would be negative 
for several years. In the longer term, however, the con-
siderable reserve base of bitumen will generate substantial 
profits, particularly if the new combustion technology, now 
ready to be proven commercially, is introduced. 

He said, "for HP Canada, the difficulty is that the size of the 
oil sands business, with its pattern of early losses to be en-
dured before sizeable profits can be gained, places too large 
a burden on the corporation, inhibiting our ability to pursue 
important growth opportunities elsewhere." 

On September 5, 1989, B? Canada announced that it was in- 
vestigating the possibilities of selling all or part of its 
50 percent interest in the Wolf Lake oil sands project to 
achieve a more balanced portfolio of natural gas, conven-
tional oil, frontier oil and mining activities. 

Total bitumen production averaged 1,030 cubic meters per 
day in 1989, an increase of 8 percent over 1988. This im-
proved performance was primarily the result of the revised 
operating strategy introduced in 1988 and to initial produc-
tion from six new Wolf Lake 2 satellites. 

The company announced that full Wolf Lake 2 commission-
ing would be delayed. At year-end the project was mechani-
cally complete with commissioning under way. Final costs 
are now expected to be up to 10 percent less than the 
original budget of $206 million and HP Canada's share of the 
final cost is estimated to be $96 million. 

In the first half of 1990, the new water recycling facilities and 
Wolf Lake 2 steam generators will be started up. The Wolf 
Lake 2 oil processing plant and the Wolf Lake 1 steam 
gathering facilities will be suspended. 

Conversion of an existing steam satellite to demonstrate com-
mercially the combustion process was complete at year end, 
but the decision to start up the combustion project has been 
deferred. Evaluation of the full commercial potential of com-
bustion, which could double bitumen recovery from the 
lease, would take two or three years. 

Following the successful field trials of the oil-water emulsion 
(TRANSOIL) pipeline technology at Wolf Lake in 1988, a 
demonstration program was developed. Discussions were 
held with refiners and pipeline companies and combustion 
fuel trials were conducted. Given the current positive out-
look for diluent supplies, the joint venture partners have 
decided to postpone further development of TRANSOM 
pending a review in mid-1990. 
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AMOCO PLANS TO SELL INTEREST IN SYNCRUDE 

Amoco Canada Petroleum Company has retained First Bos-
ton Corporation to sell a 5 percent interest in the Syncrude 
Canada Ltd. oil sands plant. 
Amoco owns 3.8 percent of Syncrude. The company also 
manages an additional 1.3 percent of Syncrude for Encor 
Inc., a Calgary-based oil and gas producer.

Amoco Canada did not estimate a value for its Syncrude 
share. The government of Alberta, which last year offered 
its 16.7 percent stake in Syncrude for sale, said its share has a 
book value of more than C$500 million. 

Amoco Canada said First Boston has already contacted 
several prospective buyers. 
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GOVERNMENT 

ALBERTA TO REVIEW PETRO-CANADA OIL SANDS 
LEASES 

Alberta Energy Minister R. Orman in late February released 
a background paper on the Alberta government's decision to 
review Petro-Canada's oil sands and heavy oil leases. This 
action was taken after the Canadian federal government 
withdrew support for the commercial phase of the OSLO 
project and Petro-Canada subsequently indicated some 
doubts about proceeding with OSLO. 

The backgrounder identifies the reasons why both the Al-
berta and federal governments made the decision in 
September 1988 to participate in OSLO as well as details of 
the Department of Energy's on-going two and a half year 
review of oil sands lease tenure. 

"The documentation clearly supports the Alberta 
government's view that OSLO is a viable project which is 
needed because of Canada's declining reserves of conven-
tional oil. The documentation also shows that the decision 
to review Petro-Canada's leases is in keeping with the 
Department of Energy's Oil Sands Lease Tenure Review," 
said Orman. 

Background on the OSLO Project 

The background paper identifies the following reasons for 
support of the OSLO Oil Sands Project: 

The OSLO project is good for Alberta and 
Canada's energy future. 

OSLO represents a new, long-term stable source of 
supply, with no exploration risk. 

- Alberta's oil sands and heavy oil deposits contain 
reserves equivalent to roughly one third of the 
world's recoverable conventional reserves. 

The Energy, Mines and Resources Department of 
the federal government, in theft working paper on 
the national energy outlook, 2020 Vision, foresees 
the need of two projects such as OSLO to offset 
declining conventional oil production. 

- Oil sands developments have been the major con-
tributors to the economic and social well-being of 
Fort McMurray. 

- The construction phase will require a peak construc-
tion force of about 6,000.

- The operations phase will create 2,770 direct jobs 
and another 3,500 indirect jobs over the life of the 
plant. 

- Of the initial cost of the OSLO project, Canadian 
content of the project will be at least 80 percent. 

- The people of Alberta and Canada will also benefit 
directly from the collection of royalty and tax 
revenues. 

- OSLO will develop new technologies able to 
enhance the strategic value of the resource. 

Oil Sands Lease Tenure Review 

A review of the existing oil sands lease tenure has been un-
derway between the Alberta Government and the energy in-
dustry for the past two and a half years. Based on discus-
sions with the industry and an internal department review, a 
draft regulation governing oil sands lease tenure has been 
prepared. 

The prime objective of the draft regulation is two-fold: 
(1) to ensure that leases are in the hands of those who most 
want to develop them; and (2) to offer lessees (lease holders) 
who demonstrate a desire to develop theft leases an alterna-
tive to the current requirement that each lease be in produc-
tion at the end of its second term in order to qualify for a 
third term. 

An integral part of the existing oil sands lease tenure, which 
has been in place since interest in developing oil sand com-
menced in the 1950s, has been the Energy Minister's ability 
to serve a construction/production startup notice. This provi-
sion will continue to be a part of any new oil sands regula-
tion. 

For some time now, individual companies have been able to 
assess the impact of the proposed new oil sands lease tenure 
on their plans. This review has in itself done much to stimu-
late corporate oil sands, planning both amongst those who 
hold oil sands rights and those who hope to. 

Petro-Canada is the largest holder of oil sands rights in Al-
berta, having varying interests in 53 oil sands leases, and 
100 percent interest in another 17 leases, for a total of 
70 leases. These leases contain approximately 250 billion bar-
rels of in-place bitumen reserves. 
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ENERGY POLICY & FORECASTS 

EMR STUDY SEES BIG CR0WH IN SYNTHETIC 
CRUDE OIL BY 2020 

In 2222 Vision. Canada's Energy, Mines and Resources 
Department (EMIt) outlines Canada's long-term energy out-
look with forecasts to the year 2020. 

Energy Demand 

The energy price increases of the 1970s and early 1980s led 
to two major changes in the pattern of energy use in Canada: 
a marked decrease in energy-use intensity and a substitution 
away from oil in favor of less costly fuels. 

For the most part, says the EMR study, these changes have 
worked their way through and new patterns of energy use are 
now in place. It is expected that the decline in energy-use in-
tensity will abate considerably in the near term. The shift 
away from oil is expected to continue in all sectors (except 
transportation), but at a reduced pace. Strict environmental 
measures, however, would likely change this pattern. 

The study predicts that secondary energy demand will in-
crease by an average annual rate of 2.0 percent to 
2.4 percent between 1988 and 2020. 

Crude Oil Supply 

Crude oil production in Canada increased to 1.72 million bar-
rels per day in 1988, 4.6 percent above 1987 levels and sur-
passing the highest levels attained since 1974. This trend of 
increasing oil production has continued unabated since 1982, 
says the study. Increased oil production in 1988 resulted 
from growth in all sources of supply. The principal factors 
for the increase include drilling incentives, lower production 
and operating costs, expansion of the Interprovincial 
Pipeline System (IPL), the modified pro-rationing plan in 
Alberta and Syncrude's recently completed Capacity Addi-
tion Program (CAP). 

EMR projects conventional reserve additions to decline 
from levels attained in the last five years (Fable 1). In the 
short to medium term, the pace of reserve additions is con-
strained by lower industry cash flow, higher directed gas drill-
ing activity and competition for funds for non-conventional 
investments. In the long term, higher finding and develop-
ment costs due to limited resource potential also result in 
declines in reserve additions. 

The increase in reserves is consistent with ERCB's (Energy 
Resources Conservation Board) recent comprehensive 
analyses which show significant upward revisions of oil poten-
tial in Alberta (Fable 2). Declining production in the 
medium term reflects the decline in conventional established

TABLE 1 

CONVENTIONAL CRUDE OIL 
RESERVE ADDITIONS 

(Millions of Barrels Per Year)
(Annual Averages) 

Light Oil Heavy Oil 

1988-1997 220 68 
1998-2007 170 82 
2008-2017 125 65 
2018-2020 105 62 
Total 
(1988-2020) 5,465 2,336 

TABLE 2 

ALBERTA ULTIMATE OIL POTENTIAL 
(Billions of Barrels) 

ERCB	 ERCB 
Report 85-A Current % Chan2e 

Light Medium 15.29 1633 +6.8 
Heavy 139 1.95 +403 
Pentanes Plus 2.01 2.70 +343 
Bitumen 44.05 62.93 +42.9 
Synthetic Crude Oil 245.43 245.43 0 

Total 308.17 329.34 +6.9

Source: ERCB Report 88-E, December, 1988 

reserves and reserve additions, the study says. In the long 
term, as oil prices climb, the increase in production results 
from continued development of bitumen projects and of 
high-cost production from synthetic plants and the frontiers. 

Conventional Light and Heavy Crude Oil 

EMIt projects the conventional light crude oil supply 
(including pentanes) to decline at an annual average rate of 
2.0 to 2.2 percent from 1988 to 2020. 

Conventional heavy crude oil supply is expected to decline 
more gradually; heavy oil supply is not expected to fall below 
its 1988 level until 1993. The less rapid decline in total heavy 
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oil supply is due mainly to increased production from Al-
berta. 

EMR's oil supply forecast is given in Table 3.

Peace River area In the short run, the study says, the 
postponement of several of these major development 
projects (due to low oil prices) will result in much slower 
growth in bitumen supply. 

Oil Sands - Synthetic Oil 

According to the EMR study, the oil sands resource base of 
over 300 billion barrels represents the largest source of 
potential oil supply in Canada. Potentially recoverable oil 
sands reserves comprise about 40 percent of total established 
world oil reserves. 

Over the last few years, producers at existing synthetic plants 
have succeeded in cutting operating costs in half—from the 
US$30 per barrel range in the early 1980s to US$15 per bar-
rel at present. 

In 1988 Suncor and Syncrude, Canada's two integrated sur-
face mining and upgrading facilities, accounted for all of the 
synthetic oil production of 200,000 barrels per day 
(12 percent of total oil production). The EMR study pre-
dicts the share of synthetic production will be higher by the 
end of the forecast period, 2020. 

Oil Sands - Bitumen 

Bitumen supply has increased rapidly from 25,000 barrels per 
day in 1983 to 130,000 barrels per thy in 1988. Bitumen 
supply is projected to increase to around 425,000 to 500,000 
barrels per day by 2020. 

The increase in bitumen supply is expected to result from 
expansions of projects in the Cold Lake, Wolf Lake and

Frontiers 

According to EMR, Canada's frontier regions are known to 
contain vast resource potential, but are relatively unexplored. 
Of the estimated 24 billion barrels of oil potential, only 
around 16 percent is considered to be discovered resources. 
Major discoveries have been made at Hibernia (offshore 
Newfoundland) and Amauligak in the Beaufort Sea. Smaller 
accumulations have been found in the vicinity of these dis-
coveries, as well as offshore Nova Scotia, in the Arctic Is-
lands and the Mackenzie Delta. In 1988, delineation 
programs continued at the Terra Nova and Whiterose oil dis-
coveries off the east coast, as well as Amauligak. An Agree-
ment in Principle to develop Hibernia was also signed last 
year, according to EMR. 

Although there has been demonstration production only 
from Bent Horn in the Arctic and Amauligak in the Beaufort 
Sea, production from the frontier is projected to play an im-
portant role in Canada's future oil supply, says EMR. 

Heavy Oil Markets 

The analysis by EMR shows that at present, only a small 
amount of the heavy oil produced in Canada can be 
processed in Canadian refineries. The domestic demand for 
heavy crude oil is currently about 110,000 barrels per day. 
The operation of the NewGrade upgrader in 1989, and the 
expected startup of the Lloydminster upgrader in 1993, will 

TABLE 3 

OIL SUPPLY FORECAST
(Thousands of Barrels Per Day) 

Conventional 
kighs' Heavy Synthetic Bitumen Offshore2 Total 

1988 1106 285 200 130 - 1721 
1989 1100 302 211 136 - 1749 
1992 1050 294 211 175 - 1730 
2005 752 235 367 352 351 2057 
2010 734 215 367 .406 351 2073 
2020 586 181 367 503 351 1988

1lncludes Pentanes 
2Excludes Norman Wells which is included in conventional light
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add a total of 100,000 barrels per thy to the otherwise 
modest growth in Canadian heavy oil demand. Large 
surpluses of Canadian heavy oil, however, will still be avail-
able for export as domestic demand is expected to be well 
below projected supply. 

Canadian heavy oil exports to the United States Northern 
Tier are currently around 350,000 barrels per day. With fur-
ther displacement of Mexican imports, declining Wyoming 
Sour supply and the addition of new upgrading facilities, 
market potential in the United States Northern Tier is es-
timated to be in the range of 450,000 to 500,000 barrels per 
day. New markets considered to have good potential include 
the Wood River market (southern Illinois), the Pacific Rim 
and the United States east coast. 

In summary, oil supply is projected to be relatively stable for 
the next five years, before declining until the late 1990s and 
then rebounding over the remainder of the forecast period. 

Non-conventional sources are expected to play a significant 
role in Canada's future oil supply, according to EMR. 
Supply from non-conventional sources is projected to in-
crease from 20 percent of total oil supply in 1988 to around 
60 percent by the end of the forecast period, 2020. Canada is 
expected to be a large exporter of heavy oil. 

Environmental Implications 

The main conclusion to be drawn from this report, says 
EMR, is that, despite slower economic and population 
growth, energy consumption will continue to expand at a 
rapid pace. By the end of the forecast period, 2020, the 
amount of primary energy consumed will be almost twice 
that consumed in 1988. Although the rate of increase in oil 
consumption is lower than that of total energy consumption, 
in 2020, 72 percent more oil will be used than in 1988. 

The study says this raises questions as to what policy implica-
tions are associated with this growth rate. In addition to 
supply (or depletion) and distribution problems, there are 
serious environmental concerns. 

One of the major environmental issues is the greenhouse ef-
fect, which is caused by gas emissions that stem largely from 
energy combustion. According to a rough estimate reported 
by the Ontario Ministry of Energy, carbon dioxide dominates 
energy-related emissions, accounting for 98.5 percent of total 
emissions by weight. Among energy sources, oil contributed 
almost half of the 1987 energy-related emissions of CO21 
with natural gas and coal each contributing about 25 percent. 

At a recent Toronto conference of scientists on climate 
change, it was suggested that CO, emissions be reduced by 
20 percent of the 1988 level by 2065 as an initial global goal. 
Assuming proportionality, this means that primary fossil fuel 
consumption must be cut by 50 percent. The EMR study pre-

dicts that under any emerging policies, we can expect to 
move away from coal and heavy fuel oil toward electricity 
and other renewable energy forms, such as solar and 
biomass. 

According to EMR, regardless of what happens in Canada, 
the route chosen in the United States will have a major in-
fluence on Canadian energy markets. The selection of dif-
ferent policy options in both countries could create some 
imbalances in the North American energy market. 

However, environmental concerns are international in scope. 
For this reason, says EMR, Canada is working closely with 
other countries, particularly within the Intergovernmental 
Panel on Climate Change, to carry out scientific and energy 
studies and to develop an international framework conven-
tion on climate change for the World Conference on En-
vironment and Development in 1992. 

flu 

CANADIAN OIL SANDS DRILLING DROPS 

The Canadian Petroleum Association (CPA) has announced 
that oil drilling in the western provinces slumped to its 
lowest level of the 1980s and oil sands drilling for in situ 
production came to a virtual halt in 1989. (See Figure 1). 

FIGURE 1 

WESTERN CANADA - 
OIL WELLS DRILLED 

SOURCE: CANADIAN PETROLEUM ASSOC. 
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Overall drilling activity in 1989 dropped 34.7 percent 
(Figure 2) with a final Canadian tally of 5,804 wells com-
pared with 8,886 drilled in 1988. The 1989 activity level was 
27.6 percent below the average annual rate of 8,012 wells 
during the 1980s.

FIGURE 2 
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According to CPA, a major factor in last year's downturn 
was that industry corrected for 1988 when capital and ex-
ploration spending exceeded cash flow. Also, while the in- 
dustzy realized higher prices for crude oil in 1989, the 
nominal price was only 11 percent above the 1986 average, 
the year of the price collapse. 

The emphasis on gas drilling gained momentum, while oil 
drilling dropped dramatically (Figure 3). 

Geographically, overall drilling declined in all provinces or 
regions with the exception of British Columbia (up 
15.9 percent). Alberta retained its dominant position with a 
67 percent share of total Canadian . drilling, but activity was 
39 percent lower than in 1988, according to CPA. 

The success rate for Canadian drilling slipped to 
71.5 percent, one of the poorest during the last 10 years. 

The association says the current outlook for 1990 is for an 
increase in drilling activity in the order of 10 percent. This 
will require greatly increased drilling activity in the second 
half; first quarter activity was curtailed by an early spring 
break-up. Well licensing so far is only about 5 percent ahead 
of last year.

FIGURE 3 
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CErn FORECASTS CANADIAN OUTPUT BELOW 
13 MMB/D 

According to the authors of CERI's (Canadian Energy 
Research institute) World Oil Market Analysis, demand for 
oil in Canada is expected to follow closely the pattern in the 
other OECD (Organization for Economic Cooperation and 
Development) countries. Growth of gasoline consumption 
will continue as long as suitable alternatives are unavailable. 
Substitution to more abundant natural gas supplies and 
other energy alternatives can be expected to reduce the 
demand for fuel oils and middle distillates. Overall growth 
in Canadian oil products is expected to be less than 
1.0 percent annually. 

CERI reports that Canadian crude oil and natural gas liquid 
(NGL) productionare expected to decline from 1990 to 2005 
(see Figure 1, next page). The infusion of non-conventional 
supply sources from Hibernia and the northern frontier areas 
will help slow depletion, but insufficient real price growth 
will limit the development of incremental sources. By 2005, 
Canadian crude oil and NGL production is expected to fall 
below 1.5 million barrels per day. 
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FIGURE 1 

CANADIAN CRUDE OIL 
AND .NGL PRODUCTION

- 
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SOURCE:CERI

According to Goods, Husky currently produces about 
25,000 barrels per day from the Llcydminster block. Of this 
amount, about 17,000 barrels per day is primary production, 
4,000 barrels per day is from the Pikes Peak BOR project, 
and about 4,000 barrels per day is from the Wainwright 
waterfloods. Husky drilled only 11 heavy oil wells in 1989, 10 
of which were for expansion of the Pikes Peak EOR project. 

Goods stated that reduced production volumes from 1985 
peak levels resulted mainly from: 

Shutting-in of primary wells, unprofitable under cur-
rent oil prices.. 

Shutting down of all EOR projects except Pikes 
Peak, which is profitable under current oil prices, 
and the Athabasca Kearl Lake pilot project, which 
is partially financed through a long-term funding 
arrangement with AOSTRA (Alberta Oil Sands 
Technology and Research Authority). 

Husky views heavy oil as a major strategic asset which has 
good potential to again contribute substantially to corporate 
earnings in the medium to long-term,"	 said Goods. 

#111	 However, at current low oil prices heavy oil production is 
making only a modest contribution to Husky's earnings. 

HUSKY SEES HEAVY OIL AND OIL SANDS AS 
STRATEGIC ASSET 

R.F. Goods of Husky Oil Operations Ltd. presented Husky 
Oil's perspective on the role of heavy oil in Husky's future at 
the Canadian Heavy Oil Association conference in Calgary, 
Alberta, Canada. 

"In the current low price environment, which Husky expects 
will prevail over the next few years, relatively few heavy oil 
investments make economic sense," said Goods. 

"Upon heavy oil prices increasing $2-3 per barrel over 1989 
average prices, Husky will resume its development drilling 
program of about 75 to 100 wells annually." He added, "If 
heavy oil prices increase by $4-5 per barrel by the end of 
1993, Husky will likely proceed with commercial develop- 
ment of the Caribou Lake EOR (Enhanced Oil Recovery) 
project. Threshold prices of US$26 or more would be re-
quired for Husky to proceed with commercial development 
of steam drive projects at Aberfekb' and Athabasca Kearl 
Lake." 

Husky is involved in virtually all major facets of the 
Canadian heavy oil business. Their activities include heavy 
oil exploration, production, pipelining, marketing of heavy 
blend, refining, and asphalt marketing. In addition, they are 
currently building a heavy oil upgrader at Lloydminster.

According to Goods, "Investment capital for heavy oil ex-
ploration and development activities will generally be limited 
to low risk projects having payouts of two to three years or 
better, and to investments required to facilitate development 
of assets having major strategic long-term importance, such 
as the Caribou Lake EOR pilot project." 

Husky plans to spend relatively small amounts of capital over 
the next few years on development of new heavy oil technol-
ogy. Most of this will be directed towards developing tech-
nology for site specific steaming of reservoirs underlain by 
bottom water and application of horizontal well production 
technology for heavy oil reservoirs, said Goods. 

A factor which may work against the commercial develop.--
ment of heavy oil enhanced oil recovery projects is higher 
gas prices, which are expected in the future. Natural gas is 
the fuel consumed to fire steam generators for most EOR 
projects. 

Many experts predict that the price of natural gas will rise 
quicker than 

oil 
pricesi and that consumers will pay a 

premium for gas over oil on a BTU parity basis. If this oc-
curs, says Goods, the cost of thermally produced heavy oil 
will increase, and will negatively affect the threshold oil 
prices required to support EOR project developments. 

Husky expects that the current low price environment for 
heavy oil will prevail over the next few years. 
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"This being the case, Husky will continue to limit capital 
spending for heavy oil to those few primary field exploitation 
projects that are economically viable and to investments re-
quired to preserve strategic EOR assets," said Goods.

Availability of Crude Oil 

Petroleum is a finite resource and will eventually become 
economically exhausted. This underlying constraint of a 
finite resource cannot be circumvented. 

As oil prices increase, primary wells that have been shut-in 
will be placed back on production as justified by economics. 
Husky has an inventory of about 300 shut-in wells in the 
Lloydminster area. 

According to Goods, Husky will probably test the application 
of horizontal well production technology at one or more 
Lloydminster heavy oil pools over the next few years. If this 
technology proves successful, he says, it offers good potential 
for improving heavy oil economics. 'The heavy oil/oil sands 
business has been and will continue to be a major strategic 
asset of Husky. 

The current low oil price environment has caused Husky to 
pull in its horns with respect to major heavy oil exploration 
and development capital investments," said Goods. 

However, as oil prices increase in the future, Husky will 
proceed by taking all necessary steps to maintain, streamline 
and prioritize its heavy oil investments base. 

INDUSTRY CHALLENGED TO CREATE A FUTURE FOR 
HEAVY OIL AND TAR SANDS 

In a guest editorial for the April issue of The Heavy Qii, 
J.E. Sinor, president of J.E. Sinor Consultants, Inc., says 
that in a world "hungry for energy," tar sands and heavy oils 
represent one of the most valuable energy resources in the 
world. "Yet the future of these resources appears more 
cloudy than ever." Continued depletion of conventional oil 
reservoirs, particularly in the United States and Canada, 
would seem to assure a future demand for termed products 
from tar sands and heavy oil. However, there are two nega-
tive trends, one near term and the other long term, he says. 

"For the near term, the continued availability of abundant 
supplies of crude oil in the Middle East makes it uncertain 
whether prices will remain high enough to justify new heavy 
oil and tar sands developments. For the long term, concern 
over global warming caused by carbon dioxide emissions may 
prejudice the world against the use of heavy crudes because 
of their high carbon dioxide emissions per unit of energy util-
ized by the consumer," says Sinor.

According to Sinor, "Even though the tar sands resource in 
Canada is large enough to replace declining supplies of con-
ventional crude oil in both the United States and Canada for 
many years, there is little prospect of this occurring soon be-
cause of the massive subsidies which would be required." As 
to the world petroleum market, the Oil Embargo, the 
Iranian Revolution and the Iran-Iraq War all raised world 
consciousness over the issue of stable petroleum supply 
sources. 

Many predict that similar periods of instability are bound to 
recur in the future, an argument for developing heavy crudes 
and tar sands as an insurance policy against supply interrup-
tions. However, says Sinor, there are important world trends 
which will reduce the likelihood of such future events. "One 
is the increasing integration of the whole world into a single 
interdependent market. OPEC countries are investing in 
downstream petroleum refining and marketing assets around 
the world? 

A second socio-political trend is the continued increase in 
the number of democracies in the world. Historically, wars 
seldom occur between two countries with democratic govern-
ments, says Sinor. "Although such countries respond to at-
tacks on themselves or their allies, it appears that only 
totalitarian or autocratic governments are likely to initiate 
serious wars." 

Therefore, he says, the prospects for world oil supply 
stability in the next two decades may be better than is com-
monly assumed. 

Concern Over Global Warming 

The science of global climate modeling can not predict the 
exact effects which will result from the buildup of carbon 
dioxide in the earth's atmosphere. 'There is, however, little 
doubt that atmospheric carbon dioxide levels are increasing, 
and apparently at an exponential rate. Simple logic applied 
to a knowledge of chemistry suggests there will be some ef-
fect, at some point, as carbon dioxide continues to build up. 
The arguments are about what the effects will be and when 
they will occur," says Sinor. 

The author states that if an international consensus is 
reached that corrective action is required, then 'heavy crudes 
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and syncrudes will be at a disadvantage. Actions such as a 
carbon emissions tax will penalize heavy crudes for their high 
carbon to hydrogen ratio? Because every pound of fuel car-
bon burned generates over three and one half pounds of car-
bon dioxide, any disposal method devised will be very expen-
sive. 

According to Sinor, the most likely responses to global warm-
ing will be to emphasize energy conservation in general, with 
simultaneous attempts to gradually switch to low-carbon 
energy sources. "The future environmental challenge will be 
even more difficult for heavy crudes and tar sands to meet 
than the economic challenge of the past? 

The Role of Technology 

The technology for extracting and refining heavy crudes and 
tar sands has not come easily. Commercial development 
could not have occurred without the long-term dedication of 
technical experts with a vision. "Today," says Sinor," it is im-
portant to renew that vision." The UNITAR/UNDP Infor-

mation Centre can play an important role in facilitating con-
tact between technical people in different countries, and in 
allowing them to share their visions. 

Sinor states that only continued advances in technology will 
allow the heavy crudes to compete in the near term with low 
world prices for conventional crude oil. The environmental 
challenge presented by the greenhouse effect also requires 
new technology. 

Heavy oil and tar sands resources are widespread and exten-
sive. "However," says Sinor, "ultimate development may well 
be constrained not by resource availability or by the 
economics of recovery, but by worldwide limits on carbon 
dioxide emissions. Finding ways to overcome this problem 
should create a stimulating environment for energy profes-
sionals over the next one or two decades. The future will not 
just happen, but must be created." 

flit 
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ECONOMICS States sands deposits (oil wet sands with less than 50 meters 
of overburden), an open pit mining operation using a city 
thermal extraction process would be most applicable. An in-

INTEGRATED HYDROPYROLYSIS OF U.S. TAR SANDS
	 tegrated oil sands processing strategy was developed (see 

SAID ECONOMIC AT $23/BBL
	

Figure 1). 

Recent work carried out in the departments of chemical en-
gineering at Tennessee Technological University and 
Brigham Young University has involved an initial investiga-
tion and evaluation of several economic and environmental 
issues related to an integrated tar sands surface mining 
process for recovering bitumen from the rich tar sands 
deposits of the western United States. 

In brief, this process includes a hydrogen production step to 
generate a reducing atmosphere in which the hydrocarbons 
are devolatilized. Both coal gasification and steam reform-
ing have been evaluated as candidates for the hydrogen 
producing step. Following processing, a fraction of the 
processed sands can be recycled through the process to help 
reduce waste, and following a clean-up step, the off-gas is 
sent to a fractionator where the medium distillates are 
recovered as syncrude product. Again, the heavy ends can 
be recycled through the process for further upgrading. The 
hydrogen rich, light fractions can be recycled through the 
process or be burned in a combined cycle power plant 
depending on the relative economic conditions. 

Several economic factors affect the overall design, but the

Any process which involves the pyrolysis and upgrading of 
crude oil sands requires hydrogen. The process in Figure! 
begins with a hydrogen production step. Both coal gasifica-
tion (Lurgi) and steam reforming were considered for this 
step. Concurrently, wet sands are fed to a vessel for preheat-
ing and drying. The dried oil sands are next fed along with 
the hydrogen gas stream to a hybrid rotary retort (Figure 2) 
where the energy from the hydrogen rich gas stream 
pyrolyzes the bitumen from the sands. While in the retort, 
the hydrogen actually serves two purposes. First, it provides 
the necessary atmosphere for hydrotreating the pyrolyzed 
bitumen from the oil sands. Second, it acts as a chain ter-
minator for thermally, cracked long chain hydrocarbons. 
Thus, hydrogen production is a key component of this 
process. 

Following the pyrolysis step, the product gases (along with a 
fraction of the solids in the form of particulates) are sent to 
scrubbers where the solid particulates, CO 2 and H2S are 
removed. The gas stream is then sent to a fractionator which 
separates the light gases (112, CH41 CO, C2, and C3)from 
the middle and heavy distillates. 

researchers have found that a key issue in plant construction 	 The middle distillates, considered the syncrude, can be fur-
is the hydrogen production step. The possibility of using 	 ther processed into fuel oil, diesel fuel, or jet fuel depending 
steam reforming as opposed to coal gasification has been con- 	 upon market conditions. In Figure 1 the mass balance for a 
sidered. Preliminary results of an economic and environmen- 	 50,000 barrel per day plant is shown. 
tal comparison give an advantage to steam reforming.

Preliminary Economic Evaluation 
Preliminary Design 

At present, about 300,000 barrels of heavy oil per day are cur-
rently being produced profitably from the oil sands deposits 
in Alberta, Canada. However, because the United States oil 
sands deposits are fundamentally dissimilar from the 
Canadian deposits, different technology must be used to 
reclaim the United States deposits. Whereas the Athabasca 
oil sands are water wet (hydrophilic), the Utah oil sands are 
hydrophobic. Also, the bitumen viscosity for the United 
States deposits is generally above the maximum viscosity for 
pumping. This can be attributed to the low hydrogen con-
tent and high molar weight of the bitumen. Because the 
United States oil sands are hydrophobic, without the water 
film between the bitumen and the sands, strong interfacial 
forces exist which make any water extraction process (similar 
to the type used in Canada) unfeasible. 

Several processes have been developed to recover oil sand 
bitumen and heavy oils depending on the overburden above 
the deposit and the physical characteristics of the deposit. 
Given the characteristics of the most interesting United

A preliminary capital cost estimate for the major equipment 
shown in Figure 1 is given in Table 1 (see page 3-27). Both 
coal gasification and steam reforming were considered as pos-
sible hydrogen sources. The estimated cost using coal 
gasification as the hydrogen producing step is $1,098 million. 
The estimated capital cost for using steam reforming is 
$519 million. These estimates are based on processing 
S million kilograms tar sands per hour. The operating cost 
for tar sands and coal or natural gas is estimated to be 
roughly $200 million per year. 

Using steam reforming reduces the capital costs an estimated 
$574 million, but adds $90 million to the annual operating 
costs. 

The product streams consist of 54,000 barrels per day of 
syncrude, as well as 38 million kilograms per day of medium 
BTU gas. Considering the equipment costs and product 
values, along with a 10 percent interest rate and a straight 
line 20-year depreciation, the minimum cost per barrel of 
syncnzde was calculated to be $22.70. 

SYNTHETIC FUELS REPORT, JUNE 1990 
3-24



FIGURE 1 

BLOCK FLOW DIAGRAM OF INTEGRATED PROCESS 
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Ongoing work at the universities has three thrusts. First, 	 hybrid rotary retort used to perform bench scale testing in a 
batch testing of the tar sands to determine the effect of per-	 continuous fashion. Finally, review of the environmental 
cent hydrogen in the feed gas stream on product yield and 	 issues which may have to be addressed before building a 
composition. Second, the design and construction of a	 semiworks plant on a site in eastern Utah. 

SYYTIIEFIC FUELS REPORT, JUNE 1990 
3-26



TABLE 1 

COST ESTIMATES FOR
MAJOR EQUIPMENT USED IN 

INTEGRATED TAR SANDS PROCESSING 

Capital Cost 
Equipment	 (Millions of Dollars) 

Hydrogen Production Step 
- Gasification Option: 

Oxygen Plant $376 
Gasifier (Lurgi) 493 

- Steam Reforming Option: 
Reformer 295 

Dryer/Retort Step 160 
Gas Scrubbing Step 61 
Fractionator 3 
Total Estimated Costs 

Gasification Option: $1093 
Reforming Option: 519
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TECHNOLOGY 

WORK ON DONOR REFINED BITUMEN PROCESS 
REVEALS OPTIMUM SEVERITY 

The Gulf Canada Ltd. Donor Refined Bitumen (DRB) 
process is a medium pressure, medium severity 
hydrovisbreaking process (Figure 1). The process uses a 
petroleum-derived, hydrogen donor stream to convert 
vacuum residues from heavy oils, bitumen, or conventional 
crudes to lighter, more valuable products. During the 
hydrovisbreaking reaction, hydrogen is transferred from the 
hydrogen donor stream to the decomposing residuum frag-
ments thereby stabilizing them. After reaction, the depleted 
hydrogen donor stream is recovered by distillation and 
rehydrogenated in a conventional fixed bed hydrotreater. 
Because no metal contaminants reach the hydrotreater, the 
catalyst enjoys the normal life span seen in traditional 
hydrotreating. An update on the process status was given to 
the Seventh Heavy Oil and Oil Sands Technical Symposium 
held at the University of Calgary in March. 

Early development work by Gulf Canada was aimed at 
producing a relatively simple, low cost, reliable process 
which used essentially only proven standard petroleum refin-
ing equipment. The initial target was a medium severity 
process giving conversions of about 70 weight percent 
vacuum resid. This level was set in the belief that this could 
be reached at relatively low cost, and that conversion of the 
remaining resid would involve much higher costs. The 
process is considered flexible enough that it can be operated 
on a refinery site where the donor stream is readily available, 
or at a remote site where donor self-sufficiency is a key re-
quirement. The process can also be engineered to produce 
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pipeline quality crude, or as part of a full scale upgrader 
producing a complete slate of synthetic products. 

Initial batch autoclave studies were started in 1979. Existing 
pilot plant units were adapted to operate the process on a 
semi-continuous scale during the period 1980-82. In late 
1982 a fully integrated 033 barrel per day pilot plant was 
built. With support through a joint development program 
with AOSTRA (Alberta Oil Sands Technology and Research 
Authority), this unit was commissioned and operated 
throughout 1983 and 1984. In 1986 a demonstration test was 
completed at the ASVAHL plant in Lyons, France. 

The demonstration was successful in confirming some 
aspects of the process. It also indicated that additional work 
needed to be done in the area of donor quality and reactor 
design before the process could be commercialized. At that 
time, however, Cuff Canada was changing ownership and 
subsequently underwent a corporate restructuring. As a 
result, Gulfs interest in the process was transferred to a joint 
program with the Alberta Research Council. 

An important requirement of the program with the Alberta 
Research Council was to establish that any new results could 
be correlated with historic data on file from previous work at 
Gulf. Fortunately, the people who developed the autoclave 
data for Cuff were still available at a newly formed technol-
ogy company, Sheridan Technical Associates (STA). They 
also had access to the old Cuff equipment. 

Additional autoclave work was therefore carried out at both 
STA and the Alberta Research Council. These experiments 
were performed using a premised blend, ratio 1:2, of 
Athabasca bitumen resid (504 + °C) and a hydrotreated, 
refinery-derived, light cycle oil (the donor). 

Six runs were performed under nominally identical severities 
by both the Alberta Research Council and STA. The condi-
tions spanned a wide range of seventies to compare resid 
reactivity and included the two sets routinely employed by 
Cuff, i.e., 4250C/105 minutes and 4350C/105 minutes. Both 
sets of data were found to fall into smooth curves; therefore, 
the results are comparable between the two laboratories. 

The limited data suggested that conversion was tending to a 
maximum. Further tests were therefore performed at the 
Alberta Research Council to examine higher severity condi-
tions. These data showed that resid conversion changed very 
little once the severity index (SI) exceeded 52 (Figure 2). 
Total liquid yield went through maximum at SI = 52 
(Figure 2), after which it exhibited a precipitous decline. At 
the same time the gas and naphtha yields began to ac-
celerate. Since conversion of the resid had virtually stopped 
at high severity, the additional gas yield must have been 
derived from the donor. 
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Donor stability was determined prior to the initiation of the 
experimental program. At a severity of 30, the donor alone 
(i.e., no resid present) yielded 2.6 percent gas. In the equiv-
alent test with resid present, gas yield was 7.7 percent. This 
additional gas production may have come directly from the 
resid. However, it was possible that free radicals from ther-
mal cracking of the resid promoted the fragmentation of 
donor range molecules, leading to lighter gas and naphtha 
range products. 

Thus, for donor refined bitumen, an optimum operational 
severity exists to produce a maximum liquid yield while main-
taining donor balance.

March, W. Jazrawi described the ongoing development of a 
year-round bitumen production technology employing a win-
terized dredge mining operation, with hydrotransport by a 
slurry pipeline to a bitumen extraction plant employing the 
OSLO Cold Water Extraction (OCWE) process. An 
800 tonnes per hour pilot plant to prove commercial readi-
ness is being designed for a 1991 or 1992 startup. 

Dredge Mining or Oil Sands 

Dredging is recognized as a low cost, earth moving/mining 
system. For many years it has been applied world-wide to 
mine various types of unconsolidated and consolidated 
minerals as well as to remove overburden. Oil sands are 
especially amenable to dredge mining because they have vir-
tually no cementation and little shear strength. The sand 
grains in the oil sands fabric being water wet and uncon-
solidated readily disintegrate in a water medium under agita-
tion. The mechanical energy imparted by a dredge cutter 
head and later by friction in the discharge pipeline causes the 
disintegration of the ore and a significant liberation of 
bitumen. 

Leading dredge types considered for mining of oil sands in-
clude the basket cutter suction (Figure 1) and the bucket 
wheel cutter suction (Figure 2). Their comparative merits 
include: 

The basket cutter type is the most common. 
Dredges with cutter power of 5,000 kilowatts have 
been successfully employed, whereas the largest 
bucket wheel dredge has 500 kilowatt wheel drive 
power. 

- The spillage from the basket cutter is about 15 to 
25 percent of the material cut and for the bucket 
wheel it is 5 to 10 percent. 

- The bucket wheel normally produces higher slurry 
densities than the basket cutter dredge. 

The basket cutter cuts oil sands in an overcutting 
mode in one direction and in an undercutting mode 
in the return direction making it difficult to 
produce uniform slurry density in the pipeline. 

DREDGING AND COLD WATER EXTRACTION SHOW 
PROMISE FOR 05W 

The OSLO joint venture (Alberta .011 Sands Equity, 
Canadian Occidental Petroleum Ltd., Esso Resources 
Canada Limited, Gulf Canada Resources Limited, Pan-
Canadian Petroleum Ltd. and PetroCanada Inc.) has been 
developing new technology for mining and extraction of oil 
sands since 1979, with Alberta Oil Sands Technology and 
Research Authority (AOSTRA) joining the program in 1987. 
At the AOSTRA Oil Sands 2000 conference in Edmonton in

- Siltstone layers are easier to cut with a basket cut-



ter because higher horsepower can be provided. 

These considerations tend to suggest that the bucket wheel 
dredge is preferred over the basket cutter dredge. However, 
Jazrawi says clear-cut evidence of the superiority is not yet 
available. 

Winter dredging operations would require some means of 
ice control.

SYNTHETIC FUELS REPORT, JUNE 1990 
3-29 



FIGURE 1 

BASKET CUTTER SUCTION DREDGE 

SOURCE: ADAPTED FROM JAZRAWI 

Hydraulic Pipeline Transportation	 The OCWE Process 

Hydraulic pipeline transportation is an integral part of dredg-
ing. OSLO studies indicate that for a distance of more than 
two kilometers pipeline transportation costs for 10 weight 
percent solids slurry are equal to conveyor transportation 
costs for dry mining. However, slurry densities of 
40-50 weight percent solids have been achieved in a number 
of projects where the materials are free flowing into the 
dredge cutter head, such as loose sands. With these higher 
slurry densities, pipeline transport becomes very cost effec-
tive. 

OSLO carried out oil sands disintegration tests at Sas-
katchewan Research Council's (SRC) pipeline test facility in 
1987. At 50C the oil sands completely disintegrated within 
about 10 minutes and at 150C within about 5 minutes. 
Results from the SRC tests indicated that a minimum of two 
kilometers of pipeline length is required to completely disin-
tegrate the oil sands.

The OCWE process is a cold water bitumen extraction 
process in which liberated bitumen particles with the assis-
tance of chemicals attach to air bubbles and float as bitumen 
froth product in a flotation cell. The process has been tested 
at temperatures above 30C. Below 15°C, the liberated 
bitumen particles exhibit very little affinity towards air 
bubbles for flotation. This affinity is improved by the addi-
tion of flotation chemicals. A similar effect can be achieved 
by optimizing mechanical shear input in obtaining bitumen 
liberation. Thus, it is the cumulative effects of temperature, 
mechanical energy and chemical addition that contribute to 
high bitumen recovery (90 percent plus) in the OCWE 
process. In contrast, the Clark Hot Water process utilizes 
the density differential between bitumen and water for effec-
tive separation of bitumen from water and solids. 

The OCWE process has been progressively scaled up from 
500 gram batch tests in 1986/87, to 2 to 3 tonnes batch tests 
in 1988 and then to 15 tonnes per hour pilot tests in 1989. 
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rate, the air bubble size distribution and the water to oil sand 
ratio were observed to impact on bitumen recovery. 

Synergy of the OCWE Process with Dredging 

As explained by Jazrawi, dredge mining and the OCWE 
process are synergetic for the following reasons: 

FIGURE 2 

BUCKETWHEEL
SUCTION DREDGE

The sand grains in the oil sands fabric are water 
wet so they disintegrate readily in the water 
medium in which the dredge operates and pipeline 
transportation takes place. 

SOURCE: ADAPTED FROM JAZRAWI 

The current OCWE pilot site is located about 10 kilometers 
north of the city of Fort McMurray on OSLO Lease 41. The 
dredge mining action was simulated by an experimental 
1.0 meter diameter dual bucket wheel mounted on a backhoe 
to allow raising and lowering of the bucket wheel as well as a 
means of advancing it along the mining pit. A rectangular 
mining pit of about 50 meters long, 5 meters wide and 
2 meters deep was excavated. 

The 1989 pilot operations were carried out between July and 
September. About 1,500 tonnes of oil sand was processed 
through the pilot plant during this period at prevailing am-
bient temperatures (30C to 250C). Both low grade 
(6 percent bitumen, 40 percent fines) and high grade 
(12 percent bitumen, 10 percent fines) oil sand feeds were 
processed. High bitumen recoveries were obtained 
(90 percent plus) in these tests and established the boundary 
conditions for various process parameters. The air addition

- The oil sand is always under water, preventing 
freeze up in winter, thus making it easier for the 
dredge cutting operations. 

- In addition, weathering and aging of oil sand does 
not take place, which may reduce the bitumen a-
traction recoveries. 

- The OCWE process can handle a wide range of 
water to oil sand ratios in feed slurry as anticipated 
in typical dredge mining. 

These synergies between the dredge mining and the OCWE 
process offer potential for a substantial reduction in bitumen 
separation costs. 

Bitumen Froth Treatment 

The froth obtained in the OCWE process contains more 
solids (20 percent) than that obtained in the Clark Hot 
Water Extraction process (10 percent). Two novel separa-
tion processes are being developed to clean up the OCWE 
froth and to obtain bitumen product containing less than 
2 weight percent solids and water. The two processes in-
clude a high temperature process and a low temperature 
process. In both techniques, diluent is required for separa-
tion. The product is sent through a diluent recovery step 
where the diluent is recovered for reuse. A one liter per 
hour laboratory pilot has indicated promising results. 

Tailings Management 

The sedimentation and consolidation properties of the 
OCWE tailings are similar to the original materials. The 
chemicals used in the OCWE process do not seem to give 
rise to sludge formation on a scale seen at existing oil sands 
plants (so called caustic sludge). For the same solids con-
tent, the OCWE fines sedimentation time is an order of mag-
nitude less (weeks) than that of caustic treated fines (years). 
The OCWE fines consolidate to about 30 percent solids den-
sity in about one to three months whereas caustic treated 
fines take years to reach this density. 
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Minimum Size Demonstration Pilot (MSDP) 

In order to enable scale up to a commercial sized plant 
(about 4,000 tonnes per hour oil sand), current plans include 
the installation and testing of an 800 tonnes per hour 
demonstration pilot capable of operating in winter. 

The pilot will include a medium size dredge 
(700 horsepower, 400 millimeter pipe), screening unit, two 
stage extraction vessels and tailings ponds (Figure 3). 

FIGURE 3 
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The pilot plant will be located on the Syncrude lease and the 
produced froth would be sent to Syncrude for processing. A 
low temperature froth treatment process will be lab tested. 
The dredging/OCWE demonstration pilot will operate in 
the early 1990s, with some phases such as tailings manage-
ment continuing to the mid-1990s. Confirmation of design 
assumptions would indicate that a promising new technology 
is available.

nfl 

ADVANCES MADE IN BOREHOLE HYDRAULIC 
MINING 

The OSLO leases in the Athabasca area contain about 
17 billion barrels of bitumen resource in place that is too 
deep for open pit mining and too shallow for steam based

recovery techniques. The OSLO joint venture has identified 
borehole hydraulic mining technology as having the potential 
for recovering this resource. 

A borehole mining in- situ cell process was conceptually 
developed by Canadian Occidental, an OSLO owner, in the 
early eighties but was not tested in the field. OSLO's evalua-
tion of this process indicated that the technology may have 
the potential to become economical if advances could be 
made in certain critical aspects. 

Therefore, according to M. To of Esso Resources Canada 
Limited, OSLO is continuing a sustained development 
program for the technology. 

The following technology developmental steps have been 
undertaken: 

1983 

CANOXY offered their "Cell Process" to the OSLO joint 
venture for evaluation. They had developed this especially 
for the Athabasca shallow resource during the 1979-1982 
period. 

1984 

A feasibility study indicated that the "Cell Process" as visual-
ized by CANOXY would not be economical (cost $28 per 
barrel bitumen). The Cell Process used borehole hydnuli 
mining techniques and removed about 30 percent of the oil 
sand to the surface to create an initial void (Figure 1). The 
produced oil sand would be processed on the surface using 
the hot water extraction process. The remaining 70 percent 
of the oil sands was mined in 03-0.5 meter slices and each 
slice was then processed in the cavity, using chemicals and 
steam to raise the temperature in the cavity to 80 0C. The 
froth that floated was pumped to the surface (Figure 2). 
Thus, 70 percent of the spent sands were left in the cavity. 

An alternative case to the Cell Process that was also studied 
was the borehole mining scheme which removed all the oil 
sand to the surface for processing, and then reinjected the 
tailings and sealed the cavity. This "full pump out" alterna-
tive was less costly ($23 per barrel bitumen) than the Cell 
Process. 

1985 

A feasibility study for a 1,500 cubic meter per day bitumen 
project was carried out assuming "full pump out" and using a 
lower temperature extraction process. This process mills the 
oil sands at 200C in a tumbler and agglomerates the bitumen 
particles which are then screened off for further processing. 
The cost was reduced to about $21 per barrel with this tech-
nology and project size. 
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Also, during 1984/85, AGRICO Mining Company in Florida
carried out a full pilot on their phosphate ore body. They 
made four experimental cavities and produced phosphate by 
using the borehole mining "full pump out" method. They 
also found that a stuffy density of 30 percent solids was pos-
sible, instead of the 15 percent assumed in the OSLO study. 

OSLO's research on new extraction methods had a 
breakthrough in 1985 with the OCWE process (OSLO Cold 
Water Extraction) being invented. A revision of the 
feasibility study was carried out, assuming a cutting rate of 
100 tonnes per hour, injecting 2,000 gallons per minute at 
14 MPa, using the OCWE process and the hydraulic head 
support system. Less than 30 percent of the oil sands is 
pumped to the surface; the remainder is processed in the 
cavity (Figure 2). These changes resulted in operating costs 
of $16 per barrel. 

1988 

A four-year development plan to prove the feasibility of the 
borehole mining process for oil sands was prepared that 
would result in a field pilot producing bitumen from

borehole mining cavities in 1990/91. AOSTRA joined 
OSLO to assist in the development. 

A field test of hydraulic jetting of in situ oil sand was carried 
out in a surface test pit at an OSLO pilot on Lease 41, north 
of Fort McMurray. The results indicated that about 120 psi 
pressure is required to cut the oil sand in air, whereas only 
16 psi is required to cut the oil sand underwater. 

1989 

Last year's program included the following: 

- Purchase of a borehole mining system from Union 
Pacific Resources of Colorado 

- Field test program at Lease 41 included water jet 
cutting efficiency using the acquired borehole min-
ing system 

- Development of a computer model for the 
borehole mining system was started 
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A 4,800 cubic meter per day bitumen feasibility 
study indicated the operating cost is $9.50 per bar-
rel of bitumen, and that capitth plus operating costs 
could be reduced to about $12 per barrel 

Future Plans 

The objectives of the 1990 test program are to conduct shal-
low cavity tests on Lease 41 to examine the mining and 
stability aspects of borehole mining technology. Efforts will 
be made to process the borehole mining slurry using the 
OCWE process to verify the applicability of the extraction 
technique for borehole mining. Further studies and tests on 
the new mining tool, and geotechnical and process modeling 
will be carried out to assess the underground borehole mm-
big concept in a flooded cavity. 

The data base and analyses results obtained in 1990 will form 
the basis of the 1991 engineering design for the deep hole 
(60 meter depth or more) cavity tests in 1992 and 1993, also 
to be on Lease 41. About four to six cavities are planned. 

Assuming that these tests are successful, the application of 
borehole mining technology to the Athabasca resource will 
reach a semi-commercial stage at a larger pilot beyond 1993. 

SOLV-EX PATENTS COMBINED SOLVENT AND HOT 
WATER EXTRACTION PROCESS 

United States Patent Number 4,875,998, issued to 
J.S. Rendall and assigned to Solv-Ex Corporation, is titled 
"Hot Water Bitumen Extraction Process? 

The patent is said to be an improvement over the combined 
solvent and hot water extraction process disclosed in United 
States Patent 4,424,112, also issued to Rendall. The previous 
process requires numerous pieces of specialized equipment 
and is not highly energy efficient. The process was also 
adapted for a particular type of tar sands found at Santa 
Rosa, New Mexico. 

Figure 1 is a block diagram illustrating the overall process by 
which bitumen oils are extracted from tar sands ore and 
processed for use as refinery feed stock. 

The process begins with the introduction of tar sands ore 
from the mine and hot water into a tar sands ore condition-
ing step [20]. 

The conditioning step is illustrated in Figure 2. It employs a 
crushing device suitable for the characteristics of the tar 
sands ore to be crushed and a feed conveyor which delivers 
the ore to a log washer conditioner. Simultaneously, hot

water is introduced into the log washer conditioner. The 
amount of hot water added is sufficient to substantially fill 
the log washer conditioner such that air is excluded from the 
resulting tar sands and hot water slurry to eliminate emul-
sions which can aversely affect separation. The log washer 
conditioner is an enclosed vessel having an inclined bottom, 
and contains a pair of shafts, each of which includes a 
plurality of paddles. The shafts operate in a counter-rotating 
fashion to abraid the submerged tar sands. 

Conditioned tar sands exit the log washer conditioner and 
fall onto a screen where oversized and inert rocks are 
screened out. The conditioned slurry falls through the 
screen and into a slurrying tank. Within the slurrying tank, 
the slurry is mixed under the influence of a mechanical 
mixing means, for example, a rotating paddle to further 
loosen the bitumen oils from the tar sands. The slurry, com-
prising water, sand, fines, and bitumen oils exits the bottom 
of the slurrying tank and is transferred to the bitumen extrac-
tion and separation step. 

Referring back to Figure 1, the slurry exits the tar sands ore 
conditioning step [20] and enters the bitumen extraction and 
separation step [30], wherein bitumen oils are loosened from 
the solids within the slurry by mixing and by solvent extrac-
tion with the exclusion of air. Within the separation step 
[30], the slurry is contacted with some bitumen extract, 
agitated and settled. Once the bitumen oils are softened or 
dislodged from the solid particles within the slurry, a 
bitumen extract comprising solvent plus bitumen oils with 
some fines and water is drawn off and introduced into the sol-
vent recovery step [40]. 

In the solvent recovery step, the bitumen extract is separated 
into a stream of solvent plus water, and a stream of bitumen 
oils and a trace of fines by solvent flashing and atmospheric 
stripping. The water and solvent mixture is further 
separated according to density, and recycled. The resulting 
bitumen oils stream exit the solvent recovery step [401 and 
enter the refining step [50]. A number of processes may be 
employed within the refining step to hydrogenate and/or 
remove fines and asphaltenes residue from the bitumen oils. 
These include an asphalt residual treatment utilizing a 
fluidized catalytic cracker, solvent extraction at, above, or 
below supercritical conditions and hydrovisbreaking, with or 
without catalyst and with or without solvent deasphaltizing. 
Refined synthetic crude oil exits the refining step as the 
primary product of the process, and asphaltenes residue plus 
extracted fines enter the fluidized bed boiler [551. Within 
the fluidized bed boiler, the asphaltenes residue can be 
burned to provide process heat and power and the fines are 
removed in a bag house, or wet scrubber. 

Wet sand and fines exiting the bitumen extraction and separa-
tion step [30] enters the sand washing step [60] wherein the 
sand is washed with water to carry off any entrained bitumen 
extract. The water and bitumen extract, containing some 
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FIGURE 1 
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fines from the solids washing step [601, is thickened and 
settled in the clarifier [651. Clarified water is then drawn off 
and recycled, and a stream of bitumen extract plus a trace of 
fines is reintroduced into the bitumen extraction and separa-
tion step [30]. Also emerging from the clarifier is a sludge 
stream containing the fines with some solvent and water. 
The sludge stream from the clarifier enters the sludge so]-
vent removal step [70] wherein the sludge is steam stripped 
at or below atmospheric pressure, to flash off entrained sol-
vent. The flow of washed sand exiting the sand washing step 
[601 is also steam stripped of solvent, at or below atmos-
pheric pressure, in a stripping column within the solvent 
removal step 1 75 1 . The stripped solvent plus steam emerg-
ing from 1701 and [751 is combined and recycled to the sol-
vent recovery step 1401. Stripped sludge is reduced in water 
content within the sludge dewatering step IBOJ to about 
30 percent in a centrifuge. Stripped sand is reduced in water 
content to about 20 percent in a sand dehydrator within the 
sand dewatering step [851. Water removed within [801 and 
1851 is combined and recycled to the conditioning step 1201. 

Separation of the bitumen extract from the other com-
ponents of the slurry in the bitumen extraction and separa-
tion step 1301 can be easily performed for any bitumen a-

FIGURE 2 

CONDITIONING STEP 
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tract having a specific gravity of less than one. However, 
bitumen extracts having lower specific gravities are more 
easily separated than those having higher specific gravities. 
Thus, almost any light hydrocarbon with a specific gravity of 
less than 0.9 applied to the crushed tar sands and hot water 
slurry will produce a bitumen extract capable of being 
separated. However, solvent recycling will be facilitated if 
the solvent chosen is one of the constituents of the bitumen 
oils extracted from the tar sands. Such solvents include any

of the light cuts of the bitumen extract including naphtha, 
kerosene, and toluene. 

Toluene is the preferred hydrocarbon for use. Toluene has a 
specific gravity of approximately 0.866 at 60°F, is a com-
ponent of the native bitumen oils of the tar sands ores and it 
forms an azeotrope with water and thus, can be easily 
separated from the bitumen oils. 
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INTERNATIONAL Maracaibo and in the vast deposits of the Faja. Venezuela 
has produced heavy oil for many years (e.g., the first steam 
stimulation project in the world was in Venezuela) and has 

AOSTRA OUTLINES INTERNATIONAL ACTIVITIES 	 built up a vast bank of know-how and technology in the area. 

The Alberta Oil Sands Technology and Research Authority 
(AOSTRA) was originally created to aid in the development 
of Alberta's vast oil sands resources. 

Soon after AOS'FRA was formed, however, it became in-
volved in international activities. These activities were 
recently summarized by D.A. Redford. He notes that tech-
nology knows no boundaries and it became increasingly clear 
that if AOSTRA was to achieve its full potential it needed to 
draw technology from wherever it was found in the world, as 
well as promoting AOSTRA and Alberta know-how and tech-
nology in the world market place. 

Initially, when entering a foreign area, AOSTRA works to 
establish a joint interest, credibility and a relationship with a 
foreign country through government departments, agencies 
or government companies. When a mutual interest has been 
established this is usually formalized in a Memorandum of 
Understanding (MOU) which outlines the areas of common 
interest, the types of joint projects and cooperations that 
might take place and the general conditions under which 
such activities will occur. This MOU is then approved by the 
Canadian and foreign governments. Following the signing of 
an MOU, specific agreements are signed outlining the terms 
and conditions for each specific project, exchange or training 
activity. 

Under terms of these MOUs and subsequent agreements, 
AOSTRA has conducted joint research projects in which 
work has been done partly in Canada and partly abroad, ex-
changed results of field pilots, exchanged scientists and en-
gineers for periods of up to one year and provided on-the-
job training for foreign specialists on AOSTRA projects. A 
list of countries with which AOSTRA has an MOU is given 
in Figure 1. 

United States. The United States has limited oil sands 
resources but has significant heavy oil and large reserves of 
oil shale. It is a mature oil province with a large and growing 
demand for oil. It therefore represents both an area of tech-
nology importation as well as export. 

AOSTRA/United States exchanges and joint projects take 
place in a wide variety of areas ranging from bitumen 
process testing to horizontal drilling and remote monitoring. 
AOSTRA will continue to operate both through its MOU 
with the Department of Energy (DOE) and with a wide num-
ber of private companies. 

Venezuela. Nat to Canada, Venezuela has the largest 
reserves of heavy oil and tar sands in the world. These 
reserves exist both along the Bolivar Coast of Lake

AOSTRA has maintained excellent relationships with 
Venezuela for many years and has exchanged personnel, con-
ducted joint projects and provided on-the-job training, as 
well as cooperating with Venezuela in establishing and sup-
porting the UN1TAR/UNDP Information Center for Heavy 
Crudes and Tar Sands and its related activities. 

Hungary. While Hungary does not have extensive oil 
reserves, it has had to work hard to squeeze recovery from 
those reserves it has and therefore has developed a variety of 
unique recovery processes. At the Hydrocarbon Recovery 
Research Institute and in field tests they have developed a 
process for sustaining combustion in light oil reservoirs. 
AOSTRA is transferring this technology to Alberta to study 
its application there. 

Hungary has made excellent use of natural high pressure 
CO2 reservoirs to conduct both miscible and immiscible dis-
placements and also to conduct a unique CO  assisted 
gravity drainage recovery process. 

Hungary has also had major success in using Controlled 
Source Audio-Frequency Magnet-Tellurics (CSAMT) 
methods for monitoring the progress of combustion fronts in 
in situ combustion projects and has developed high tempera-
ture gels for steam diversion or repair of damaged casing 
bonds. 

AOSTRA has an active exchange program with Hungary and 
is exploring all these technologies. 

Romania. Romania has two of the largest and most success-
ful combustion projects in the world. The natural geological 
and petrophysical features of the reservoirs plus the care and 
diligence in application of in situ combustion technology 
have been major factors in theft success. The use of grease-
less compressors has also greatly facilitated the operation 
and reduced formation damage. AO&FRA has obtained the 
results from these two successful field projects in exchange 
for the results from three combustion projects conducted in 
Canada. 

One of Romania's large combustion projects takes place 
southwest of Bucharest on the Romanian plain and is displac-
ing prime agricultural land. The use of Canadian slant well 
technology and pad construction would enable both in-
dustries to co-exist. 

USSR. Oil production in the Soviet Union has grown 
dramatically since World War II, rising to 12.7 million bar-
rels per day and thus making the Soviet Union the largest oil 
producer in the world. To date, heavy oil and tar sands 
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FIGURE 1 

HEAVY OIL AND OIL SANDS RESOURCES
AND AOSTRA INVOLVEMENT AROUND THE WORLD 

9 -

.3 

W1'	 saws In a	 fl*?	 .3 
£1 .s,.a p m

a	 •5 
ORflIn -s	 I.3II* 
—I5	 1W	 'a.ssg.at/2'2vZz 

SOURCE: AOSTRA 

deposits have been largely ignored. Thus, while it is known 
that major deposits exist in the Soviet Union, they remain 
largely unexplored and undeveloped. In recent years the dis-
covery rate of new conventional oil has declined sharply and 
this has renewed interest in unconventional crudes as well as 
in enhanced oil recovery. 

AOSTRA is currently conducting an exchange of specialists 
with the Soviet Union. As a result of this exchange 
AOSTRA sees the opportunity for the application of its tech-
nology in a number of areas in the Soviet Union. In par-
ticular, the AOSTRAfTaciuk processor would have excellent 
application in oil sands recovery and in the clean up of oil 
spill and resid storage sites.

Despite its low emphasis on heavy oil and tar sands the 
Soviet Union has had some programs underway for some 
time. Notably are the Yarega project where shaft and tunnel 
access (SATAC) is used to recover heavy oil and projects in 
Kazakhstan where bitumen deposits are used for road 
paving. The Yarega deposit was visited early in the life of 
AOSTRA and led the way to the Underground Test Facility 
(UTF) which has been successful in recovering bitumen from 
the Athabasca deposit. 

Madagascar. AOSTRA has worked with Madagascar for 
some time in assessing the potential for recovering bitumen 
from the Bemolanga oil sands deposits. Initial work was in 
resource delineation and characterization followed by tests 
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using the AOSTRA/taciuk processor. Results indicated 
that bitumen could be recovered from this resource but that 
the grade of the ore gave marginal economics. AOSTRA 
continues to work with Madagascar and is currently training 
and giving on-the-job experience to Madagascar specialists 
interested in establishing a petroleum information center. 

Turkey. Turkey has significant heavy oil reserves in deep 
fractured carbonate reservoirs. While some oil is produced 
by primary production, the majority is left in the ground. 
Experimental steam stimulation pilots are underway. 
However, the deep depth of the deposit may limit results. 
The use of AOSTRA/SATAC technology in combination 
with gravity stabilized vertical steam drive or steam assisted 
gravity drainage may prove to be effective technologies. 

AOSTRA is currently completing an exchange of specialists 
with Turkey and developing plans for further MOU ac-
tivities. 

Jordan. Jordan has limited hydrocarbon resources. 
AOSTRA has joined with Petro-Canada International in as-
sessing the potential of heavy oil shows in eastern Jordan 
and in assessing the potential of oil sands deposits along the 
eastern bank of the Dead Sea. 

The oil sand deposits have the potential for supplying 
modest amounts of energy to Jordan using a process such as 
the AOSTRA/Taciuk Process. However, considerably more 
test drilling is required to define the resource. 

China. China has large sedimentary basins, mainly under. 
explored, and production is likely to expand from the current 
two million barrel per day level. It currently produces about 
200,000 barrels per day of heavy crude from four main 
fields—Karamay, Liaohe, Sltengli and Nanyang. All produc-
tion is by steam stimulation with the paraffinic crudes in 
Liaohe, Shengli and Nanyang responding well, yielding excel-
lent steam oil ratios. 

The shallow Nanyang field is located in prime agricultural 
land. The recent introduction of Canadian slant hole tech-
nology should enable exploitation of this field with minimum 
disturbance to the farm land and rural villages. 

The fields at Liaohe and Shengli are at considerable depth 
(1,000 meters) and insulated tubing is used to achieve steam 
injection. The Liaohe field is located in a coastal flood plain 
and would respond well to the introduction of Canadian tech-
nology for pad construction and directional drilling. 

The Karamay fields are located in a very harsh environment 
in the far northwest of the country. Here the paraffinic 
crude is recovered by steam stimulation using a complex sur-
face distribution of insulated pipes. Canadian technology for 
operating in harsh environments including the use of pad

construction and directional drilling would greatly facilitate 
operations. 

China has one true oil sands deposit, Fengcheng, located 
near Karamay in Xinjiang province. This deposit is currently 
unexploited but may respond well to in situ methods success-
ful in Athabasca. In particular, the use of SATAC technol-
ogy coupled with gravity drainage to horizontal wells may be 
very successful. 

AOSTRA has had MOUs with China for a number of years 
and has conducted a number of joint projects, as well as tech-
nology and personnel exchanges. 

Currently AOSTRA has MOUs with the major heavy oil 
fields as well as with RIPED, the central research group for 
the petroleum industry and with the Chinese National 
Petroleum Corporation (CNPC). Under terms of these 
MOUs, AOSTRA has undertaken nine projects and has 
joined in sponsoring a Heavy Oil Symposium in China. A 
second symposium is to take place in China in October 1990. 

India. There is only one major heavy oil deposit, Mehsana, 
located in Gujerat state which contains 150 million cubic 
meters of oil. It consists of fluvial unconsolidated sand 10 to 
20 meters thick located at a depth of 1,000 meters. Two in 
situ combustion pilots are currently completing construction. 

AOSTRA has initialed an MOU with India and anticipates 
cooperation with the Institute for Reservoir Studies (IRS, 
located in Ahmedabad) on enhanced recovery projects. 
AOSTRA is also working with Oil India on the potential use 
of the AOSTRA/Taciuk processor to clean up sludge dis-
posal pits at refinery sites.

FIlL 

TATAJUAN TAR SANDS DRAW INTEREST 

An article in the Russian journal Qfl Shale says that the 
production and utilization of the tar sands of Tataria, 
U.S.S.R. have aroused interest again. Exploration is recom-
mended and alternative in situ mining methods of natural 
bitumen and tar sands have been considered. Tar sands in 
Tataria have not been commercially produced to date. Ac-
cording to the article, the production of Spiridonovka tar 
sands by the stripping method is the most promising. 

There are tar sand deposits with bed outcropping in Tataria, 
but to apply the stripping methods, further exploration is re-
quired. The authors state that during exploitation of tar 
sands a more complete utilization of all the rocks produced 
is of utmost importance. Overlying rocks and tailings can be 
used in road construction. 
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RECENT OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Seventh Annual Heavy Oil and Oil Sands Technical Symposium held in Calgary, Alberta, 
Canada in March: 

Parker, et al., "Recent Developments in Donor Solvent Upgrading (DRB)." 

Cloutis, "A New Analytical Technique for the Comprehensive Characterization of Oil Sands: Reflectance Spectroscopy." 

Suggett, et at, "Experience with In Situ Monitoring Instrumentation of AOSTRA's Underground Test Facility." 

Arthur, et al., "Steam Circulation in Horizontal Wellbores." 

Kxy, "Field Observations of Steam Distribution During Injection to the Cold Lake Reservoir." 

de Bruijn, et al., "The CANMET Emulsion Upgrading Process," 

Farouq, Ali, "How to Make Money Producing Heavy Oil." 

Aiello, et at, "A Coal Fired Steam Generator Demonstration for Heavy Oil Recovery Operations." 

Chang, "Important Design Considerations for Heavy Oil Plants." 

Cole, et al., "Design Criteria for Produced Sand Injection Facilities." 

The following papers were presented at the Alberta Oil Sands Technology and Research Authority Conference titled Oil Sands 2000, 
held in Edmonton, Alberta, Canada in March: 

Mellon, B., "Future in Alberta for Oil Sands and Heavy Oils." 

Carrigy, MA., "Some Global Factors Affecting the Potential of Heavy Crude and Tar Sands." 

Redford, D.A., "AOSTRA's International Activities." 

Jazrawi, W., "Dredging and Cold Water Extraction Process for Oil Sands." 

Govier, G.W., et at, "The SESA Process for the Recovery of Bitumen from Mined Oil Sands." 

Stone, JA., et at., "Oil Sands Extraction: A Dynamic Technology." 

Haston, LA., et al., "AOSTRA Underground Test Facility Achievements and Future Development." 

Butler, R.M., "The Use of Horizontal Wells Drilled from the Surface for the Recovery of Bitumen, Heavy Oil, Conventional 
Oil and Gas." 

Paul, R., et al., "Advances Made in Borehole Hydraulic Mining Technology for Bitumen Recovery from Athabasca Oil Sands." 

Lewkowia, L., et at., "Development of High Conversion Process for Upgrading Alberta Bitumen." 

Schmidt, J., et at., "Upgrading Shale Oils for the Australian Market." 

McCann, Ti., "Future Synthetic Crude Oil Quality."
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Pruden, B.B., et at., "Demonstration of the High Conversion CANMET Hydrocracking Process on Cold Lake Vacuum 
Residuum? 

Burger, D.H., et at., "The Keart Lake Pilot: Striving to be Number One in Athabasca In Situ Recovery? 

Satahub, D.W., et al., "Bodo: Steaming Into the Nineties." 

Zatka, MJ., et at., "Progress at Shell's Peace River In Situ Recovery Operation." 

Metwatly, M., "Performance Evaluation of the Countess Fireflood Project." 

Freeborn, W.R., et al., "AWACT: Anti Water Coning Technology." 

Farouq, SM., et at., "CO 2: Potential for EOR." 

Stephenson, DJ., "Carbon Dioxide Miscible Flooding Experience in the Joffre Viking Field." 

Costerton, J.W., et at., "Bacterial to Control Conformance of a Waterflood." 

Luhning, R.W., et al., "Environmental Aspects of In Situ Recovery of Oil Sands and Heavy Oil." 

Giesbrecht, G.D., et al., "The Shelt/AOSTRA Produced Water Treatment Pilot Plant; Testing the Limits." 

Goodwin, S., et at., 'The AOS'FRA Taciuk Process. The Flexible Alternative for Oily Waste Treatment." 

Lord, ER., et at., "Disposal of Tailings Sludge in Overburden Waste Dumps." 

Wiggins, EJ., 'The Global Warming Problem? 

Gunning, H.E., "Strategies for the Fossil Fuels Industries Under the Threat of Global Climate Warming." 

The following papers were presented at the Joint Annual Meeting of the Rocky Mountain Fuel Society (13th Symposium) and The 
Western States Catalysis Club (Fifth Annual Meeting), held in March in Salt Lake City, Utah: 

Hupka, J., et al., "Aqueous Separation of Bitumen from the Mined Ore from the Whiterocks (Utah) Tar Sand Deposit." 

Cha, S., et al., "Pyrolysis of Bitumen-Impregnated Sandstones: A Comparison of Fluidized Bed and Rotary Kiln Reactors." 

Bunger, J.W., et at., "Kinetic Modeling for Hydropyrolysis of Bitumen." 

The following paper was presented at the American Chemical Society, Division of Fuel Chemistry, meeting, held in April in Boston 
Massachusetts: 

Boyko, J., et al., "Characterization of Syncrude Sludge Pond Tailings." 

The following articles appeared in the AOSTRA Journal of Research, Volume 5, Number 4: 

Dusseautt, MB., et al., "Oil Sands Mine Waste Management: Clay Mineralogy, Moisture Transfer and Disposal Technology." 

Kanasewich, E.R., et al., "Seismic Tomography Imaging in Steam Injection Heavy Oil Recovery Projects." 

Henry, D., et al., "Methods Used to Determine Particle Size Distribution of Oil Sand Solids." 

Mehrotra, A.K., et at., "Data and Correlation for CO 2-PeaceRiver Bitumen Phase Behaviour at 22-200°C." 

Butler, R.M., et al., 'Theoretical Estimation of Breakthrough Time and Instantaneous Shape of Steam Front During Vertical 
Steamftooding."
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Bottomley, GA., et al., "Partial Molar Volumes and Solubilities of Gases in Bitumen." 

The following article appeared in The Journal of Canadian Petroleum Technolo2v, Volume 28, Number 6: 

Mikula, RJ., et al., "Correlations Between Oil Sands Minerals and Processing Characteristics. 

OIL SANDS - PATENTS 

"Tar Sands Extract Fines Removal Process," William J. Lechnick, Richard A. Stone - Inventors, Amoco Corporation, United States 
Patent Number 4,906,355, March 6, 1990. A process for removing lines from a tar sands extract is provided. The tar sands extract is 
contacted with a specific solvent to form agglomerates and a substantial portion of the agglomerates are separated from the balance 
of the extract prior to any substantial attrition of the agglomerates. 

"Well Packing System," Raymond F. Drnevich - Inventor, Union Carbide Corporation, United States Patent Number 4,901,796, 
February 20, 1990. The present invention pertains to a packing structure and method of packing which can be used in the wellbore of 
injection wells for the recovery of heavy oils, shale oils, and tars, and in well shafts for in situ coal gasification. The packing can also 
be used in the weilbore of gas and light oil production wells. The packing is used to provide passive protection of well structural com-
ponents in the event of a well rue or fire in the formation near the well. The packing is placed in the well shaft below ground level, 
and preferably below the well packer. The packing particle size, as related to the well casings, is a critical feature of the invention. 
Particle size distribution, and position of placement of packing in the weilbore as a function of packing particle size, are significant 
variables which can be tailored to the application. The packing material is non-combustible under anticipated conditions which will 
occur in the well in the event of a fire and can be endothermic to provide increased efficiency. 

"Device for Removing a Compacted Oil Sand Layer from a Conveyor Belt," Lawrence M. Spohn - Inventor, Alberta Energy Com-
pany, Ltd. United States Patent Number 4,907,690, March 13, 1990. A device is provided for shearing an adherent layer of oil sand 
for removal from a major surface of a moving conveyor belt. A V-shaped formation of linearly-arrayed, spaced-apart, rotatable discs 
is suspended above or beneath the belt and brought into pressing engagement with the oil sand layer. As the discs rotate with the ad-
vancement of the belt, they function to cut through the layer, loosening it from the belt so it separates therefrom. 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECFS (Underline denotes changes since March 1990) 

ASPHALT FROM TAR SANDS - James W. Bunger and Associates, Inc. (T-5) 

J. W. Bunger and Associates, Inc. (JWBA) has initiated a project for commercialization of Utah Tar Sands. The product of the ini-
tial 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, JWBA completed a feasibility study which examined the technology, markets, resources and economics for asphalt produc-
tion. Results showed a strong potential for profitability at today's prices and costs. Level of profitability is sensitive to site-specific 
factors and price variations. 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, KWI3A received an award of M,000 from the United States Department of Energy to further develop the 
technology and to conduct site-specific optimization. The award was one of about 30 given nationwide. 

A 100 pound per hour PDU has been desi gned and constructed: it is currently in the start up phase. Preliminary results are hichlv 
encouraging in that the process is operating according to desi2n expectations. 

All candidate sites in the Uinta Basin are currently under consideration including Asphalt Ridge, P.R. Spring, Sunnyside and White 
Rocks. The commercialization plan calls for completion of research in 1990, construction and operation of a field plant by 1991 and 
commercial operations by 1994. The schedule is both technically realistic and financially feasible. The com pany is receiving strong 
interest for private financing of the commercial development. 

Project Cost:	 Research and Development: $1 million 
Pilot project: $5 million 
Commercial Facility: to be determined 

BI-PROVINCIAL UPORADER - Husky Oil Operations Ltd. (T-10) 

Husky Oil is proceeding with the design and construction of a heavy oil upgradcr to be located near the Alberta/Saskatchewan bor-
der at Wilton, near Lloydminster, Saskatchewan. The facility will be designed to process 46,000 barrels per day of heavy oil and 
bitumen from the Uoydminster and Cold Lake deposits. The primary upgrading technology to be used at the upgrader will be 
H-Oil ebullated bed hydrocracking followed by delayed coking of the hydrocrackcr 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 Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase 1 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, 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 is approximately 55% complete as of A pril 30, 1990. Engineering will be completed by the 15t 
quarter of 1991. Procurement of major equipment is well underway with purchasing of bulk materials and miscellaneous equip-
ment to continue through to 3rd quarter of 1990. 

Site preparation has been completed. The award of major civil contracts bez3n early in 1990. Major mechanical contracts will be 
started in the 3rd quarter 1990. The Construction Management Team moved their o perations to site offices in March. The con-
struction force is expected to peak at 2,400 persons by the 3rd quarter 1991. 

Project Cost: 	 Upgrader Facility estimated at C$1.267 billion 

BITUMOUNT PROJECT - Solv-Ex Corp. (T-20) 

The Soh,-Ex Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv-Ex's process 
for recovery of bitumen and metals.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1990) 

COMMERCIAL PROJECTS (Continued) 

Sotv-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(alter 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 less than 15 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 smaller 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. 

SOIV-EX is currently looking for potential financial partners to expand the project. 

BURNT LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Ihinter 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 Prim.e Range in 
northeast Alberta. Initial production levels will average 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 the close cooperation of 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 has again been halted. 

According to initial plans, the project was supposed to be designed after the thermal recovery project Suncor operates 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 estimatedt to contain over 300 million barrels of 
recoverable heavy oil. 

COLD LAKE PROJECT - Esso Resources Canada Limited (T-50) 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of awater 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. 

In September1983 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 Ess&s oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 1985. 

Shipments of diluted bitumen from Phases 1 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 deboulenecking of the first six phases has added 19,0 barrels per day in 1988, at a 
cost of $45 million. 

The AERCB approved Esso's application to add Phases 7 through 10, which will eventually add another 44,000 barrels per day. A 
decision has been made not to complete the facility at this time. Phases 9 and 10 have been postponed indefinitely. 

However, all construction will be completed on the central processing plant for Phases 7 and 8 and partially completed for the field 
facilities. The construction is 70% completed. 

Project Cost:	 Approximately $770 million for first ten phases
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1990) 

COMMERCIAL PROJECTS (Continued) 

DAPHNE PROJECT - Petro-Canada (1-60) 

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. The project is expected to cost $3.8 billion 
(Canadian). 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. 

Project Cost:	 $3.8 billion (Canadian) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (1-70) 

Texaco has placed its Diatomite Project, located at McKittricic in California's Kern County, in a standby condition. The Project will 
be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is being 
put on hold due to the current worldwide energy supply picture. As of March, 1988, the Lurgi pilot unit is being maintained in con-
dition for future operations. 

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 SI1MUL&TI0N PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation (1-80) 

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 (Il'FRl) on a single-wellbore 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 tat with a commercial well, initially producing about 20 barrels per day, was put into production in December 1985 
in Texas, 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 Lloydminsler 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. Process energy costs have been demonstrated at around $1/bbl. 

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 have been completed in the Wildmere Field with encouraging results initially. However, at-
tempts to mitigate the sanding problems have not been successful and these wells were also shut-in after approximately one year of 
operations. 

Additional work is being undertaken in Canada. Most recently, 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 BOPD after application 
of the Technology. Approximately 20 wells are expected to apply the Technology within Canada during 1989. This work is being 
performed by Electromagnetic Oil Recovery limited (EOR), a Calgary headquartered affiliate. EOR signed a contract in 1988 
with Shell which will lead to a field test of 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 150 degrees Fahrenheit. Another ORS affiliate, Pope 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 will be ap-
plied to an additional 4 wells during 1989 before a decision is made to expand the well stimulation program to potentially several 
hundred oil producing wells in Brazil. 

Project Cost:	 Not disclosed
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes slur, March 1990) 

COMMERCIAL PROJECTS (Continued) 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Limited. (T-90) 

The 131k 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 I Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is in-
dicated in other Mannville zones including the Colony, Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. The current phase I of the Project involves the drilling, 
construction, and operation of a 13-we1l 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 I Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Cyclic Steam iniection into the 13-well oroiect was initiated in July. 19137 with continunu,r steam initrtinn 

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 further 
limited drilling is expected to take olace in 1990. 

Project Cost: 	 Phase 1 - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited. ('1-100) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986, 

The Phase I project would involve development of primary and thermal recovery operations in the Lindbergh and Frog Lake set-
tom near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 129 wells were 
drilled by the end of 1988. 

PanCaaadian 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.ODD barrels per day. 

Thus far, steam stimulation has been applied experimentally in two sections, and the results are being evaluated while study 
proceeds on a pilot steam flood process in one of these sections. 

As of June 1989, 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, to evaluate steam stimula-
tion results and to plan experimental steam flood pilots. 

Project Cost:	 Phase I = C$90 Million 

FOREST HILL PROJECT— Greenwich Oil Corporation (1-110) 

Greenwich Oil Company is developing a project which entails modification of existing, and installment of additional, injection and 
Production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a fire 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 now 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 since March 199(1) 

COMMERCIAL PROJECTS (Continued) 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection has been tem-
porarily suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion 
zone and to scavenge heat. Oil production it 700 barrels per day. 

Project Cost:	 Estimated $423 million 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (T-120) 

Amoco (formerly Dome Petroleum) received approval from the Alberta Energy Resources Conservation Board for a commercial 
project in Lindbergh. The project will cover five sections and and was planned to be developed at a rate or one section per year 
for five years. It will employ 'huff-and-puff" steaming of wells drilled on 10 acre spacing, and will require capital investment of ap- 
proximately $158 million (Canadian). The project is expected to encompass a period or 12 years and will result in peak production 
or 12,000 barrels of oil per day, which when coupled with production from two experimental plants and additional wells will raise 
the daily area production to about 15,000 barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first phase of the commercial project has been halted. A total of 46 slant 
wells have been drilled to date and placed on primary production. Low oil prices have forced a delay in the proposed commercial 
thermal development. In 1990. Amoco plans to drill an additional 10 slant wells and nut on primary production. 

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 or 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 the 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 
85,000 centipose. The wells are directionally drilled outward from common pads, reducing the number or surface leases and roads 
required for the project. 

The proiect was suspended for a war from September 1988 to Auzust 1989 when three wells were steamed. Murphy plans to 
tradually increase activity and to reach commercial ca pacity or 2,500 barrels per day within the next few years. 

Project Cost:	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 

NEWGRADE HEAVY OIL UPORADER - NewOrade 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. 

The refinery/upgrader combination has been running at 45,000 barrels per day or crude through the refinery itself. From that, 
27,000 barrels per day of heavy mid bottoms are sent to the new Atmospheric Residual Dcsulfurization unit which performs 
primary upgrading. From there 12,ODD barrels per day is being run through the Distillate l-Iydrotreater which improvü the quality 
of the distillate fuel oil streams by adding hydrogen. 

The 50,ODO barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries provided 5 percent of the costs as equity, plus the existing refinery, while the provincial government 
provided 15 percent. The federal government and the Saskatchewan government will provide 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 or 
producing a full slate of refined products or alternately 50,000 barrels per day or upgraded crude oil or as will be the initial cast, 
some combination of these two scenarios.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes slate March 1990) 

COMMERCIAL PROJECTS (Continued) 

Project Cost: 	 $700 million 

OSLO PROJECT - Esso Resources, Petro-Canada, Canadian Occidental, Gulf Canada, PanCanadian Petroleum, Athena Oil Sands 
Equity. (17-ISO) 

The OSLO joint venture is planning a 77,000 barrel per day oil sands mining, extraction and upgrading plant 60 kilometers north of 
Fort McMurray. Production is scheduled to begin in 1997. 

The OSLO joint venture consists of Esso Resources (25 percent), Canadian Occidental Petroleum (20 percent), Gulf Canada 
Resources (20 percent), Petro-Canada (15 percent), PanCanadian Petroleum (10 percent) and Alberta Oil Sands Equity (10 
percent). To the end of 1989, $75 million has been spent on project studies. 

The Canadian federal government and the Province of Alberta have signed a Statement of Principles with members of the OSLO 
joint venture to proceed with the development of the integrated oil sands project. The expected date for a binding agreement on 
the project is spring 1990. 

The government will contribute jointly up to $850 million towards up-front costs as development incentive, paid at a rate of 25% of 
the costs incurred by the project sponsor. Capital costs of over $3 billion will be supplied or raised by the project sponsors, includ-
ing $1.2 billion in loans from private lenders which will be guaranteed by the governments. Repayable interest assistance to a maxi-
mum of $250 million will be available for pre-production loans, should oil prices remain below agreed upon benchmarks. 

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 fed into an upgrader. There, it would be converted 
into synthetic crude oil with properties similar to conventional tight crude oil—suitable as feedstock for Canadian refineries. OSLO 
has selected the high-conversion Veba Combi Cracking rprocess for upgrading. 

Current efforts are focused on technical process selection and seeking regulatory approvals. Public consultation and environmental 
assessment considerations are key to obtaining these approvals. 

In 1991, assuming the project meets specified economic criteria, major contracts will be tendered and construction will begin. 
Production is expected to start in 1997. 

The OSLO reserves are of higher quality than most of what remains at Syncrude, and OSLO's layer of overburden is thinner, ad-
vantages that will help make OSLO's estimated production cats slightly lower than those of Syncrude. 

Project Cat: $4.1 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited ('F-mo) 

Shell Canada limited expanded the original Peace River In Situ Pilot Project to an 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 cat of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen production, 
plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The com-
mercial 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 will be diluted and marketed as a blended heavy oil. The diluted bitumen will be transported by pipeline and 
initially would be exported to the northern tier refineries in the United States 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. This expansion is only the first step of 
Shell's long-term plan to develop the Peace River oil sands. 

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 50,000 barrels per day. 

PREP II, as it will be called, entails the construction of a stand-alone processing plant, located about 4 km south of PREP I. PREP 
11 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 lack of improved fiscal terms the project has been 
postponed indefinitely.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 199(1) 

COMMERCIAL PROJECTS (Continued) 

Some preparatory site work was completed in 1988 consisting of the main access road and drilling pads for PREP II. This work 
would enable a quick start should the decision to proceed occur in the near term. 

Project Cost:	 $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (F-hO) 

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-
grees API oil in 1984. 

The agreement with Alberta Energy contemplates that Amoco can earn an interest in an additional 194,280 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 I8.6 percent of the oil originally in place in the project area. Each section will contain tour 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 6,503 barrel per day modules will be used to meet the 25,000 barrel per 
day target. 

In 1989. Amoco undertook some additional work at the site by drillinc a horizontal well. 

Due to depressed bitumen prices, the proposed drilling schedule remains postponed. The commercial proiect will proceed when oil 
prices return to levels which make the nroiecl viable. 

Project Cat:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (F-ISO) 

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 is 50,0 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. 
Refinery and petrochemical plant officially opened September 1984. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants 

SUNCOR, INC., OIL SANDS GROUP - Sun Com pany. 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 and 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 Grou p recorded earnin of $34 million com pared with a loss of $11 million for 1988. Earninsts for the last 
six months 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. 	 barrels per day compared with 49.000barrels per day in 1988. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes state March 1990) 

COMMERCIAL PROJECTS (Continued) 

Work will continue of the Debottleneckine project but a phased approach to the pro ject will increase plant capacity without the 
lane upfront cash requirements of the oririnal Proposal. 

Project Cost: 	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (T-200) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 9,600 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 studywas 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 Lease. 

Project Cost: 	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - ONC Enere y Corporation (T-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by GNC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which 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 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 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. 

Today (INC has a complete process 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 (SIt) for tar sands projects 
that utilize mining and surface processing methods, (INC requested loan and price guarantees of $452,419,. On November 19, 
1985 the SIt determined that the project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the Sit was cancelled by Congressional action. (INC 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 
cat $149 million. 

Project Cat: 	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (T-220) 

Synco Energy Corporation of Orem, 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 2 removed and the gas burned in a gas turbine to 
produce electricity. The hot exhaust gases are then used to make steam and cogenerated electricity. 
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COMMERCIAL PROJECTS (Continued) 

Testing indicates that the hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 
Synco holds process patents in the U.S., Canada and Venezuela and is looking for a company to joint venture with on this project. 

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 riled 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. 

Project Cost: $350 million 

SYNCRUDE CANADA, LTD. - Esso Resources Canada Limited (25.0 percent); Petro-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Alberta Energy Company (10.0 percent); PanCanadian Petroleum Limited (10.0 percent); Gulf Canada Resources 
Ltd. (9.03 percent); Canadian Occidental Petroleum Ltd. (7.23 percent); HBOG - Oil Sands Ltd. Partnership (Amoco Canada Petroleum 
Company Ltd.) (5.0 percent) (T.230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 155,000 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 dragiine-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 LX Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

Project Cat:	 Total cost $3.8 billion 

ThREE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (T-240) 

Three Star Drilling and Producing Corporation has sunk a 426 foot deep vertical shaft into the Upper Siggins sandstone of the Sig-
gins oil field in Illinois. 

Three Star has drilled over 32,000 feet of horizontal boreholes up to 1,500 feet long through the reservoir. The original drilling pat-
tern was planned to allow the borehole to wander up and down through the producing interval in a "snake pattern. Now, only 
straight upward slanting holes are being drilled. Three Star estimates the Upper Siggins still contains some 35 million barrels of 
oil. First production is expected to begin in March 1990, while further drilling continues. 

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. 

Project Cat:	 Three Star has budgeted $3.5 million For the first shaft 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (F-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 Petit-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.
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COMMERCIAL PROJECTS (Continued) 

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 ori ginally expected to be completed in mid-1989. 

Wolf Lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). 

In early 1989, BP Canada and Petro- Canada said they will delay by one year the decision to start up the second phase. While the 
Wolf Lake 2 plant will be commissioned during j, full capacity utilization of the combined project is not likely before 1991, when 
it is expected that higher bitumen prices will support the expanded operation and further development. At the end of the commis-
sioning period, during which BP will ensure that all the plant components are operational, BP and Petro-Canada will decide when 
to begin injection. 

In the first half of 1990, the new water recyclint facilities and Wolf Lake 2 steam senerators will be started up- The Wolf Lake 2 oil 
Processing plant and Wolf Lake I steam gathering facilities will be suspended. 

Project Cost: Wolf Lake I
$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 (17-670) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Avenge permeability is 3.17 mKm2. 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. Over the past 15 years. 10 million tons of steam 
have been injected 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 

ATHABASCA IN SITU PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Husky Oil Opera-
tions Ltd., Esso Resources Canada Ltd. (1'-270) 

The operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. 

The pilot project began operation in December, 1981. Currently, three patterns are being operated: one 9-spot and two 5-spots. 
The central well of each pattern is an injector. The 8 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 con-
tinue to be encouraging. 

In April, 1989, a special test was initiated to increase the oil production rate. To date, the test has been very successful. 

Project Cost:	 $139 million (estimate)
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K & D PROJECTS (Continued) 

BATrRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, 137886 Canada Ltd., Hudson's Bay 
Oil and Gas (T-220) 

Mobil Oil Canada initiated thy combustion in the Battrum field in the Swift Current producing area of 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 expansion included drilling 46 wells, adding 12 new burns, a workover program and upgrading surface production and 
air injection facilities. 

Wrap-up work on the expansion will be completed during 1989-90, and will include converting all new burns from thy to wet com-
bustion by 1989-12. Air injection will be increased during 1989 from 13 million cubic feet per day to 29 million cubic feet per day 
to accomodate the air requirements of the new bums. Two twin air/water injectors will be drilled during 1990 to complete the ex-
pansion. 

Project Cat:	 Expansion $30 million 

DVI COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (17-290) 

The project is operated by Bow Valley Industries Ltd. The process utilizes steam and additives to recover bitumen from the Clear-
water formation. The project currently consists of 16 wells directionally drilled from two pad locations. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot from 
1977 to 1979. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf pilot. 

Cyclic steam operations began in mid-January, 1985 at the original seven-well pad to test the steam and additives process. A new, 
steam placement technique was developed during these operations with favorable results. This led to a new nm-well pad being 

- drilled in late 1986 to further investigate the new technique developed with the original pad. Cyclic operations at both pads are 
continuing. 

Project Cost:	 $13 million 

CANMEF HYDROCRACIUNG PROCESS - Petro-Canada and Partec Lavalin Inc. (T-30) 

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 90 weight percent of the pitch in heavy feedstocks to distillate boiling below 524 degrees C. (Pitch is 
defined, as material boiling above 524 degrees 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, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,ODD 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 hydrovisbreaking 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. 

The high conversion Canmet HC process has been successfully demonstrated and is now available for commercial application. 
Patent protection and process guarantees are provided by the licensors. 

Project Cost:	 Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. and Alberta Energy Co. (T-310) 

Husky Oil Operations Ltd. (60% interest) and Alberta Energy Co. (40% interest) received ERCB approval for a 1,I00 barrels per 
day heavy oil steam pilot in the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 
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R & D PROJECTS (Continued) 

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 lest 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. 

Site clearing and preparation started immediately with well drilling to follow alter freeze-up and the main facility construction to 
occur through the second and third quartets of 1990, followed by start-up prior to year-end. 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 Cat: $20 Million 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada (T-320) 

Mobil's heavy oil project is located in T52 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 and operations art 
continuing. 

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. 

Project Cat:	 $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 4th meridian. 

The scheme would involve dredging of a cutoff meander in the Horse River some 900 meters from the Fort Mc Murray 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 solidi', 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the send and sludge, thus eliminating the need for a large conventional tailings pond. 

C-H proposes to add lime and a non-toxic potyacrylamide polymer to the tailings stream. 'I'his would cause the fines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cat: 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 Droiect is susoended until an Environmental Impact Statement can be completed. 

Project Cat: Not disclosed 

COLD LAKE STEAM S'IlMULAllON PROGRAM - Mobil Oil Canada (T-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. 
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R & D PROJECTS (Continued) 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single welts to a total of eleven single welts in 1985. Various zones are being 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 was constructed with operations beginning in March, 
1988. 

Only three wells, all multi-zone completions, am still in operation in 1989; the remaining wells were suspended at the conclusion of 
their testing programs. Beginning in July, 1988, Mobil began to test three additional multi-zone wells in the Iron River area. 

Project Cost: Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour Is Valorization des Huila Lourdes (ASVAHL) (T-360) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAI-IL 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. 

ASVAI-IL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raftinage, and Institut Fran-
caise du Petiole. 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 - Esso 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. Esso 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 currently 3,I00 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 recover)' methods, such as steam displacement and horizontal welts. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EYEI-LILL IN SITU STEAM PROJECT - Canadian Occidental Petroleum, Ltd., Esso Resources Canada and Murphy Oil Company Ltd. 
(T-390) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 16-40-28-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. 

Production in 1989 continued at 500 barrels per day and is expected to eventually peak at 1,000 barrels per day 
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R & 0 PROJECTS (Continued) 

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 Cpat 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 or lire. 

Project Cat:	 $15.2 million	 - 

FT. KENT THERMAL PROJECT - Koch Industries and 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-
bcrta. 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 rust steamdrive pattern was commenced in 1980, with additional patterns 
converted 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 Swell cluster drilled in late 1985. five additional develop-
ment well locations have been identified. Approximately 59 wells are now operating, with production averaging 1,600 barrels per 
day. Further development work, including tying-in the S wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated to be greater than 21 percent with recoveries in the 26 percent range in the steamilood 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 date 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. and AOSTRA (17420) 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 2-86-7-W4M. The par-
ticipants are Amoco (14.29 percent), and AOSTRA (85.71 percent) (Petro-Canada participated in Phase A of the oroiect but has 
declined participation in Phase B which was initiated in 1990). Other parties may participate by reducing AOSTRA's ownership. 
The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). Amoco is the operator. The produc-
tion pattern consists of a four-spot geometry with an enclosed area of 018 hectacres (0.68 acres). Observation wells have been 
drilled. The process has tested the use of steam and steam additives in the recovery of highly viscous bitumen (1 x 10 million cP at 
virgin reservoir temperature). Special fracturing techniques have been used and sophisticated seismic methods and other tech-
niques are being used to monitor the in situ process. Steam Foam flooding bezan in October 1988. 

Plans for 1990 call for optimizing surfactant and steam rates and increasin g bitumen production pressure cycling of the pilot will be 
investigated. 

The project began operation in September 1985 

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) 

The Hanging Stone Project is located 50 km south of Fort McMurray, Alberta. The project involves single well tests of in situ 
bitumen recovery by steam stimulation. Three wells have been tested for injection and recovery. Planning is underway for a 13. 
well pilot. 

Total land holding for the project is one-half million hectares. 

Project Cost:	 Not formulated. 

IPIATIK EAST PROJECT - Alberta Energy Company limited, Amoco Canada and Deminex Canada (T-435) 

The Ipiatik East pilot is inside the Cold Lake Air Weapons Range, otherwise known as the Primrose Block. AEC has a 60 percent 
interest in the project along with Amoco Canada and German Deminex Canada. The project uses cyclic steam injection to test the 
production potential of the Wabiskaw sands of the Lower Cretaceous Mannville Group. 
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R & D PROJECTS (Continued) 

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 
veils had been completed with the conventional techniques of installing the production casing set through the formation and ce-
mented to the surface. 

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 northeast of the 
Phase A pattern in 1987 for further testing. Again, results were very encouraging. The 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. 

Encouraged by the results, AEC 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. AEC continued testing in 1989 but the aroiect has now 
been suspended. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (T440) 

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 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 230 cubic meters barrels 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 kJ/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 5)5-
tem and the treated oil is trucked to the nearby Husky facility at Tucker Lake. 

Project Cost:	 $14 million	 - 

JET LEACHING PROJECT - BP Resources Canada Ltd. (T450) 

BP Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the EtIs River area north 
of Fort McMurray, Alberta. 

The press, 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 fonnation 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
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R & D PROJECT'S (Continued) 

KENOCO PROJECT - Kenoco Company (T460) 

The Kenoco Company, the successor to the Kensyntar Company, is developing  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 40010700 barrels per day multi-pattern operation, and over a period of 5 106 years to a 
10,000 barrels per day operation. The commercial proiect is now on hold pending better market conditions. 

Project Cost: 	 Not disclosed 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (T-470) 

Experimental in situ recovery project 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. Huff-and-puff continues. Production rates from the seven-spot area have been encouraging to 
date, 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 95,000 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 (P33) listed in commercial projects.) 

Project Cost: 	 $7 million to date 

LINDBERGH THERMAL PROJECT' - Amoco Canada Petroleum Company Ltd. (17480) 

lls in section 18-55-5 W4M in the Lindbergh field in order to evaluate an enriched air and air injec-
consists of nine 30 acre, inverted seven spot patterns to evaluate the combination thermal drive 

process. 

Air was injected into one 10 acre pattern to facilitate sufficient burn volume around the wellbore prior to switching over to enriched air 
injection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A concerted plan of 
steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several years. Enriched air in-
jection was reinitiated in this pattern in August 1985. Initial iniection rate was 200,000 cubic feet per day of 100 percent pure oxyzen. 

Project Cost:	 $22 million 

MINE-ASSISTED PILOT PROJECT' - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (T490) 

combination thermal drive process. The project consists or nine 30-acre seven spot patterns. All wells have been steam stimulated. 
The producers in these patterns have received multiple steam and air/steam stimulations to provide for production enhancements 
and oil depletion prior to the initiation of burning with air as the injection medium. To date, all of the nine patterns have been ig-
nited and are being pressure cycled using air injection. Combination thermal drive is planned for one riattern during the 
41h pressure cycle. 

Project Cost:	 $20 million 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (1-500) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 15 year fannout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phases I and II by contributing $57 
million.
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Phase II, designed to further test and delineate the resource, is now complete. Phase III began in December, 1988. The program 
includes a multi-cycle single well steam simulation test at 16-27-84-11 W4 in its eighth production cycle. A second multicycle single 
well steam stimulation test at 4-35-84-11 W4 is in its sixth cycle. Operation of the third single well test at 13-27 was suspended after 
completion of its fourth cycle. Construction has begun for a 13-we11 pilot with operation scheduled to begin in 1990. 

Project Cost:	 Not disclosed 

PELICAN LAKE PROJECT - CS Resources Limited and Devran Petroleum Ltd. (T-510) 

CS Resources has 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 lest 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 1500 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 reel was accomplished in December 1989 and Januar y 1990. 

Project Cat: Not disclosed 

PELICAN-WABASCk PROJECT - CS Resources (T-520) 

Construction of ftreflood and steamilood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase II (fireflood) commenced operations during September 1982. The pilot consists 
of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. 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 74pot patterns. In April 
1986, the lireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was convened to a steam drive, another pattern converted to a water drive. Remaining wells retained 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 steamilood project south of the pilot was converted to steamflood in fall 1987. 

As of early 1989 thermal operations, with the exception of the seven-spot steamnood project, have been terminated and the wells 
placed in a flowdown phase. 

Project Cat: Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT PROJECT - AOSTRA, Canadian Occidental, I3sso, Mur phy Oil, 
Norcen Energy Resources Limited (T-530) 

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-
verted 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Athena. 

An in situ combustion pilot comprising one 20 acre S spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. This pilot operation will continue under its current approval until December 31, 1986. 

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 well. 

All nine pattern wells were placed on primary production in February 1985. 

Project Cat: Not Disclosed
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since Mirth 1990) 

It & D PROJECTS (Continued) 

PR SPRING PROJECT - Enercor and S0IV-EX Corporation, (T-540) 

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 sale 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 has 
the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and 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 one 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 $230,947,000 under the United States Synthetic Fuels 
Corporation's (SIt'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, 1985 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) 

RAPAD BITUMEN UPGRADING PROJECt' - Research Association for Petroleum Alternatives and Ministry of International 
Trade and Industry (T-550) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. Three approaches are under investigation: 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 is continued 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 BPD 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 and is in operation. A 
new type catalyst for the suspended bed process has been developed, and data have been obtained for process scaleup. 

Project Cost: 	 Not Disclosed 

RTR PILOT PROJECT - RTR Oil Sands (Alberta) Ltd. (1-570) 

The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Pod McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc., during the second half 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substantial 
reduction in waste volume. 

Pilot data indicate that the total RTRJGulf process (extraction and tailings management) offers a substantial economic advantage 
over conventional hot water technology. This is particularly live for a remote plant in which energy requirements must be genera-
ted. 

Project Cat:	 Undisclosed
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1990) 

R & D PROJECT'S (Continued) 

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 15,096 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 more 
recently in 1985. Engineering studies on commercial feasibility are continuing. 

Little progress has been reported since 1987. 

Project Cat: Not Specified 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada Petroleum Company Ltd. (T-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. 

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 57 wells at this site wi..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 souare 10 acre/well nattern alon g NE-SW rows. 

The injection scheme initially called for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 

Project Cost: $26 million through 1989 

TACIUK PROCESSOR PILOT - AOSTRAfflie UMA Group Ltd. (F410) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at acost of $1 million and has been in operation since. 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 ex-
change, cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 tons of 
Athabasca oil sand have been processed. 

Information agreements have been made with a major oil company and with a joint-venture company between two majors. The in-
formation agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the in-
formation generated by the project during the current 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 hydrotrealing 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. 

AOS'FRA approved a $43 million, two-year extension to the project. The principal objective of this continuation is to early out the 
process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per hour Demonstration Plant to be 
constructed and operated in the Athabasca region. 	 - 

Consultive participation by industry in this new phase of the project is invited. Interested parties should contact AOSTRA. 

Project Cost: 	 To Date:	 $5.3 million 
Outstanding.	 $4.8 million 
Authorization:	 $10.1 million (AOS'FRA)
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STATUS OF OIL SANDS PROJECT'S (Underline denotes changes since March 1990) 

R & D PROJECTS (Continued) 

TANGLEFLkGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (T-620) 

The project, located some 35 kilometers northeast of Lloydminster, Saskatchewan, near Paradise till!, 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 Paso 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 steainflood 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 $3.8 million in funding under the terms of the Canada-
Saskatchewan Heavy Oil Fossil Fuels Research Program. 

The Tangleflags project is designed for an early production response so that expansion potential can be evaluated by 1990. Current 
estimates indicate sufficient resents 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 TangJeflags 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 up to 1,000 barrels of oil per day by mid 1989. Cumulative production to the 
middle of 1989 was 163,500 barrels. Production is expected to increase to a consistent 1,000 barrels of oil per day by the end of 
1989. The expansion of the pilot project into a commercial operation involving 14 horizontal wells will hinge on future crude oil 
prices. A decision regarding commercial expansion will be considered in 1990. 

Project Cost: $10.2 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T.630) 

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 
be called the Gunsigbt 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 converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 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 proiect is vending, 

Project Cat:	 Unknown 

TUCKER LAKE PILOT PROJECT' - Husky 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 are 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 110 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 ioo,000 cp at reservoir temperatures of 60 degrees F. 

Husky 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 Cat:	 Not Disclosed
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1990) 

R & D PROJECTS (Continued) 

UNDERGROUND TEST FACILITY PROJECT - 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. ('17.650) 

Phase B stamina will commence in earl y 1991 and is expected to continue for 4-5 nags. A decision regardine exuansion to com-
mercial production will be made durint this period. 

Project Cast: 	 $120 million
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COMPLETED AND SUSPENDED PROJECTS 

Project 

Aberfeldy Project 

A.D.I. Chemical Extraction 

Alsands Project 

Aqueous Recovery Process 

Ardmore Thermal Pilot Plant 

Asphalt Ridge Tar Sands Pilot 

Asphalt Ridge Pilot Plant 

Athabasca Project 

Beaver Crossing Thermal Recovery Pilot 

Block One Project 

Burnt Hollow Tar Sand Project 

Burnt Lake 

California Tar Sands Development Project 

Calsyn Project 

Canstar 

Cat Canyon Steamflood Project 

Cedar Camp Tar Sand Project 

Chapanosa Ranch Tar Sand Project 

Charlotte Lake Project 

Chemech Project 

Chetopa Project 

Cold Lake Pilot Project 

Deepsteam Project

Sponsor 

Husky Oil Operations, Lid 

Aarian Development, Inc. 

Shell Canada Resources, Ltd. 
Petro-Canada 
Gulf Canada 

Globus Resources, Ltd. 
United-Guardian, Inc. 

Union Texas of Canada, Ltd. 

Sohio 

Enervor 
Mobil 
University of Utah 

Shell Canada Limited 
Sotv-Ex Corp. 

Chevron Canada Resources 

Amoco Canada Pet roteum Company Ltd. 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Glenda Exploration & Development Corp. 
Kirkwood Oil & Gas Company 

Suncor 

California Tar Sands Development Company 

California Synfuels Research Corporation 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Nova 
Petro-Canada 

Getty Oil Company 
United States Department of Energy 

Enercor 
Mono Power 

Chaparrosa Oil Company 

Canadian Worldwide Energy Ltd. 

Chemech 

EOR Petroleum Company 
Tetra Systems 

Gulf Canada Resources 

Sandia Laboratories 
United States Department of Energy

Last Appearance in SFR 

March 1983; page 3-33 

December 1983; page 3-56 

September 1982; page 3-35 

December 1984; page 3-44 

September 1989; page 3-9 

December 1986; page 3-51 

September 1984; page T-7 

September 1988; page 3-50 

December 1988; page 3-67 

September 1984; page T-8 

September 1984; page T-8 

December 1986; page 343 

September 1989 page 3-42 

March 1984; page 3-34 

March 1987; page 3-29 

December 1983; page 3-58 

June 1987; page 3-55 

March 1985; page 3-42 

September 1988; page 3-61 

December 1985; page 3-51 

December 1983; page 3-59 

December. 1979 page 3-31 

March 1984; page 3-41 
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Enpex Syntaro Project 	 Enpex Corporation	 March 1989; page 3-63 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project 

Fostern N. W. In Situ Wet Combustion 

Grosamont Thermal Recovery Project 

HOP Kern River Commercial
Development Project 

Ipiatik Lake Project 

Kentucky Tar Sands Project 

Lloydminster Fireflood 

Manatokan Project 

Marguerite Lake 'B' Unit 

Meota Steam Drive Project 

Mine-Assisted In Situ Project 

MRL 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. E Heating Project 

Rio Verde Energy Project

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 

Content Energy Ltd 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Canada Cities Service 
Esso Resources Canada Ltd. 
Gull Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

C&ACompanies 
Minerals Research Ltd. 

Canadian Worldwide Energy 

Pet ro-Ca nada 

Amoco Canada Petroleum 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Inc. 

Japan Oil Sands Company 
Noreen Energy Resources Ltd. 

Petro-Canada 

General Petroleum Company of Egypt 

Gull Canada Resources Inc. 

lIT Research Institute 
Hallihurton Services 
United States Department of Energy 

Rio Verde Energy Corporation

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 1988; 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 

June 1984; page 3-58 
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Santa Fe Tar Sand Triangle Alter Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project Soty-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 3-43 

Wabasca Fireflood Project Gull 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 
station Project United States Department or Energy
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS

Company or OrKanization Project Name jg 

Alberta Energy Company Burnt Lake Project 3-44 
Caribou Lake Pilot Project 3-53 
Ipiatik East Project 3-56 
Primrose Lake Commercial Project 3-49 
Syncrude Canada Ltd. 3-5I 

Alberta Oil Sands Equity Oslo Group 3-48 
Syncrude Canada Ltd. 3-51 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-52 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-55 

GIJSP Project 3-56 
Taciuk Process Pilot -	 3-61 
Underground Test Facility Project 3-63 

Amoco Canada Ltd. Elk Point 3-46 
GLISP Project 3-56 
Ipiatik East Project 3-56 
Lindbergh Commercial Project 3-47 
Lindbergh Thermal Project 3-58 
Morgan Combination Thermal Drive Project 3-58 
Primrose Lake Commercial Project 3-49 
Soars Lake Heavy Oil Pilot 3-61 
Underground Test Facility 3-63 

Amoco Production Company Sunnyside Project 3-50 

Bow Valley Industries, Inc. SW Cold Lake Pilot 3-53 

BP Resources Canada 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 

Canada Cities Service, Ltd. Eyehilt In Situ Steam Project 3-55 
PCEJ Project 3-58 

Canadian Hunter Exploration Burnt Lake Project 3-44 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-5I 
Hanging Stone Project 3-56 
Oslo Group 3.48 
Eyehill In Situ Steam Project 3-55 

CANMET Underground Test Facility 3-63 

C-H Synfuels Ltd. C-H Synfuels Dredging Project 3-54 

Chevron Canada Resources Ltd. Underground Test Facility 3-63 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 3-47 

CS Resources Pelican-Wabasca Project 3-59 
Pelican Lake Project 3-59 

Deminex Canada Ipiatik East Project 3-56 

Dcvran Petroleum Ltd. Pelican Lake Project 3-59 

Enercor PR Spring Project 3-60
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Company or Orannization Project Name 

Esso Resources Canada Ltd. Cold take Project	 . 3.44 
Esso Cold take Pilot Projects 3-55 
Oslo Group 3-48 
PCEJ Project 3-58 
Syncnide Canada Ltd. 3-51 
Hanging Stone Project 3-56 

GNC Tar Sands Corporation Sunnide Tar Sands Project 3-50 

Greenwich Oil Corporation Forest Hill Project 3-46 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-55 
Oslo Group 3-48 
Sandalta 3-61 
Syncrude Canada Ltd. 3-51 

LIBOG Oil Sands Partnership Syncrude Canada Ltd. 3-51 

Home Oil Company Sandalta 3-61 

Hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3-53 

Husky Oil, Ltd. Battrum In Situ Wet Combustion Project 3-53 
Bi-Proyincial Project Upgrader Facility 3-43 
Tucker Lake Pilot Project 3-62 
Athabasca In Situ Pilot Project 3-52 
Caribou take Pilot Project 3-53 

James W. Burger and Assoc. Inc. Asphalt Front Tar Sands 3-43 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-60 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-58 
Hanging Stone Project 3-56 

Kenoco Corporation Kenoco Project 3-58 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-54 
Tar Sand Triangle 3-62 

L'Association pour la Valorization Donor Refined Bitumen Process 3-55 
des Huiles Lourdes (ASVAI-IL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-53 
Celtic Heavy Oil Wet Combustion 3-54 
Cold take Steam Stimulation Program 3-54 
Iron River 3-57 
Sandalta 3-61 
Underground Test Facility 3-63 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-55 
Lindbergh Commercial Thermal Recovery Project 3-47 
Lindbergh Steam Project 3-58 
Tangleflags North 3-62 

NewGrade Energy Inc. NewOrade Heavy Oil Upgrader 3-47 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-59 

Ontario Energy Resources Ltd. Suncor, Inc. 3-49 

ORS Corporation Electromagnetic Well Stimulation Process 3-45 

PanCanadian Petroleum Elk Point Oil Sands Project 3-46 
Oslo Group 3-48 
Syncrude Canada Ltd. 3-51
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Company or Onanization Proiect Name 

Patter Uvalin Inc. CANMET Hydroctacking Process 3-53 

Petro-Canada CAFMET Hydrocracking Process 3-53 
Daphne Project 345 
GUS? Project 
Hanging Stone Project 3-56 
Oslo Group 348 
PCEJ Project 3-58 
Syncrude Canada Ltd. 3-51 
Wolf Lake Project 3-51 
Underground Test Facility 3-63 

Research Association for RAPM) Bitumen Upgrading Project 3-60 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. ICR Pilot Project 3-60 

Saskatchewan Government NewOrade Heavy Oil Upgrader 3-47 

Saskoit Battrum In Situ Wet Combustion Project 3-53 

Sceptre Resources Ltd. Tangieflags North 3-62 

Shell Canada Resources, Ltd. Peace River Complex 3-48 
Scottiord Synthetic Crude Refinery 3-49 
Underground Test Facility 3-63 

Solv-Ex Corporation Bitumount Project 3-43 
PR Spring Project 3-60 

Suncor, Inc. Burnt Lake Project 344 
Fort Kent Thermal Project 3-56 
Suncor 3-49 

Sun Oil Company Suncor, Inc. 3-49 

Synco Energy Corporation Synco Sunnyside Project 3-50 

Texaco Inc. Diatomaceous Earth Project 3-45 

Texaco Canada Resources Ltd. Eyehill In Situ Steam Project 3-55 
Underground Test Facility 3-63 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-51 

Uentech Corporation Electromagnetic Well Stimulation Process 3-45 

Underwood McLellan & Associates Taciuk Processor Pilot 3-61 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-53 

Union of Soviet Socialist Republics 'Yarega Mine-Assisted Project 3-52 

Worldwide Energy Fort Kent Thermal Project 3-56
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COAL 

PROJECT ACTIVITIES 

POINT OF AYR LIQUEFACTION PLANT DUE 
ONSTREAM This YEAR 

Speaking at the Alternate Energy '90 conference held in 
California in April, British Coal's M.D. Gray provided a 
status report on the Point of Ayr gasoline and diesel from 
coal project. 

British Coal has, since the middle 1970s, supported work on 
the liquefaction of coal, developing a process, Liquid Solvent 
Extraction (LSE), which has the aim of producing gasoline 
and diesel fuel from coal as "alternate fuels". 

The 2.5 ton per day pilot plant, constructed at Point of Ayr, 
is now in the commissioning stage. 

The LSE process has always been targted towards transport 
fuels and so was multi-stage from the outset (Figure 1).

Coal is dried and pulverized, and then slurried with a 
hydrogen donor solvent. The coal slurry is pressurized to 
20 bar, preheated to 4100C and then fed to a digester in 
which up to 95 percent of the coal is dissolved. The digest is 
cooled to 300°C, depressurized and filtered to remove the 
mineral matter and the undissolved coal. The filter cake is 
washed with a fraction of the solvent, which displaces the 
coal extract solution trapped within the voidage of the cake. 
Residual wash oil is in turn recovered by vacuum drying the 
filter cake. 

The coal extract solution is then pressurized, typically to 
210 bar, mixed with hydrogcn gas and preheated to 3000C 
before being fed to the ebullating bed hydrocracking reac-
tors. 

The product from the hydrocracking stage is distilled to 
recover the recycle solvent and to give three main products: 
liquid petroleum gas (propane and butane), naphtha (boiling 
below 1800C) and mid-distillate (boiling range 180-3000C). 
In addition, a byproduct pitch stream (nominally boiling 

FIGURE 1

BRITISH COAL LIQUID SOLVENT EXTRACTION PROCESS 
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above 5000C) is taken off, although material in this boiling 
range is mainly recycled to the digestion stage as part of the 
solvent. The remaining byproduct streams consist of light 
hydtocarbon 'gases, predominantly methane and ethane, and 
heterogases suchas ammonia and hydrogen sulfide which 
are formed from the nitrogen and sulfur preent in the coal. 

Gray notes that a process that can utilize a wide range of 
coals efficiently has advantages, because the type of èoal may 
be altered for various reasons during a plant life of 
20-30 years. The LSE process is flexible and, although it was 
developed initially with bituminous coals, it has successfully 
utilized brown coals and lignites. 

Processes developed in the 1970s such as EDS (Exxon 
Donor Solvent) and HRI's H-Coal were single stage. 
Table 1 presents a comparison with these processes and the 
four two-stage processes of British Coal, Japan's New 
Energy Development Organization, United States Depart-
ment of Energy/electric Powei Research Institute in-
tegrated process at Wilsonville, Alabama and Ruhrkohle's 
new German p'roèess. The informatio, in the table is based 
on the use of Illinois No. 6 coal in all processes. 

All the new processes aim, to produce. a. high quality 
premium product suitable for upgrading to gasoline and 
diesel. The amount of product boiling below 3500C gives a 
measure of the quality of the product. The higher the 
quality the less the proceising'requfred to achieve salable 
gasoline and diesel. The West German and Japanese 
processes reach similar product quality levels as British Coal 
but have lower total yields by some 15 percent which, Gray 

TABLE 1 

COMPARISON OF DIRECT COAL 
LIQUEFACTION PROCESSES 

	

Distillate	 Distillate 
Process	 Yield'	 Ouality2 Efficiency3

Bfitish Coal LSE	 63 95 65 
JapanNEDOL	 53 94 na 
Wilsonville ITSL	 67 60 no 
Ruhrkohle New German	 52	 . 100 59 
HRI H-Coal	 51 81 62 
Exxon EDS	 52 80 62 

1 Liquid yield from MAF coal 
2C5 - 350 degrees C yield from liquid 
3End product energy yield from MAF coal

says, is due to the significantly higher recovery of coal liquids 
in Britiih Coal's separation technique of filtration. 

The Point of Ayr project was designed in 1985/86 to provide, 
at a scale of 2.5 tons per day coal input, a flexible but totally 
integrated pilot plant in which all the streams can be tested 
to ensure that: 

- ' Recycle solvent characteristics and continuity can 
be conformed. 

- Separation by filtration of coal mineral matter and 
undissolved coal can be effected efficiently. 

- Catalysts can be evaluated over long operating 
periodi 

The pilot plant is being commissioned and following shake-
down with oil and then coal it will be operated over a three-
year period to validate the process and provide design' data 
for a commercial plant. 

Economics 

Subsequent work to minimize the, capital cost, of a 
50,000 barrel per day gasoline and diesel commercial plant is 
expected to follow the presently budgeted program. 

In comparison with.other direct liquefaction processes, the 
yield of transport fuels in the gasoline and diesel boiling 
ranges will be higher from British Coal's LSE process. 
Secondly, the LSE product has a higher hydrogen content 
and a markedly lower heteroatom content which will reduce 
the cost of upgrading. Hence, all other things being equal, 
the cost of gasoline and diesel should be lower from the LSE 
process, says Gray. Furthermore, because of the lower pres-
sure front end, the capital cost of the LSE process should be 
lower. Direct comparison with processes is, however, dif-
ficült. 

Gray says the capital cost would have to be reduced by some 
45 percent to compete with present day oil prices. Clearly a 
saving of such magnitude is not possible for the present 
direct liquefaction processes. 

However, British Coal estimates that the equivalent crude oil 
price for a 20 percent reduction in capital cost would be 
$25 per barrel. The relevance of these figures is not in their 
absolute value but to show that coal liquefaction processes 
are not that far out of reach. Therefore the level of invest-
ment presently being made is not in line with the risks being 
taken in allowing the world crude oil market to again be 
manipulated by Middle East producers. 

hit 
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GREAT PLAINS SETS RECORD, KICKS OFF PHENOL 
PROJECT

The contract formula for figuring the selling price shifted last 
July from No. 2 fuel oil to an average gas price based on 
what the buyers pay for their highest 10 percent of all gas 
purchased. The Great Plains Synfuels Plant recorded the best produc-

tion month in plant history in January. 

Daily production for the month averaged 157.6 million cubic 
feet of synthetic natural gas. That compares with 
152.9 million cubic feet of gas per day for December. 

The previous production high was recorded during January 
1989 when the daily average was 155.1 million cubic feet of 
gas. 

The average production reflected a consistent plant perfor-
mance throughout the month. Production levels of synthetic 
natural gas ranged from 152 million cubic feet to 161 million 
cubic feet daily. 

Payment Made to Federal Government 

January's high production rates helped achieve low produc-
tion costs just as Dakota Gasification Company (DGC) 
began a period when it is no longer required to share profits 
with the United States Department of Energy (DOE). 

Beginning January 1, all profits for the next five years go to 
DGC as part of the purchase agreement with the DOE. 

Dakota Gasification Company has made a payment of 
$11.1 million to the DOE, representing the first. revenue-
sharing installment based on the 1988 purchase of the Great 
Plains Synfuels Plant. 

The payment covers the period from November 1, 1988, to 
December 31, 1989, the plant's first 14 months of operation. 
As per the sales agreement, DGC was to pay the government 
100 percent of the synthetic natural gas revenues above the 
contracted cost of production of $3.14 per dekatherm. 

The agreement allows for that contracted production cost to 
be reduced by taxes paid by DGC, the Basin Electric sub-
sidiary that owns and operates Great Plains. 

DGC's profit for the first 14 months is about $30 million. 
However, K. Janssen, DGC president, cautioned that the 
next five years could be financially lean because the selling 
price of the plant's gas has been at the cost of production 
since last July, and Janssen said he expects the price to trend 
down in the next several years. 

He also said earnings last year were increased because the 
purchase agreement provided that the DOE would reim-
burse DGC for any shortfall below the $3.14-per-dekatherm 
contract price. That reimbursemeht provision ended as of 
December 31.

Janssen also said substantial investments will be needed for 
byproduct development at the coal gasification project to 
provide future revenues to supplement synthetic gas revenue. 

Under the agreement, DGC keeps any profits from 
byproduct development. 

As for future gas profits, DOC is to retain them for the next 
rive years while the DOE will get 100 percent for the subse-
quent 10 years and the two share equally for the final five 

years of the agreement. 

Byproduct Phenol Project Underway 

February was kickoff month for the phenol project at Great 
Plains. 

Construction of the proposed 17,000-ton-per-year phenol 
unit is scheduled to begin in April and finish in October. 

Payback on the phenol plant investment of about $20 million 
should be less than two years, according to DGC. 

Negotiations Continuing Over Methanol Unit 

Representatives of Dakota Gasification Company were in 
Allentown, Pennsylvania, March 1-2, continuing negotiations 
with Air Products and Chemicals and the Department of 
Energy regarding a proposed liquid-phase methanol 
demonstration project. 

Current economic factors were established and reviewed to 
develop an up-to-date economic evaluation of the project. 

Assuming that the project will be economically viable and 
negotiations are successful, the joint venture agreement be-
tween Air Products and DCiC would be signed by October 1, 
and the agreement with the DOE would be in place by year 
end. 

The joint venture proposal was selected by DOE in Decem-
ber for the commercial scale demonstration of a liquid-phase 
methanol plant under DOE's Clean Coal Technology 
Program. 

If the project goes forward, the government would fund 
43 percent of the project, or about $93 million. DGC and 
Air Products would finance the remaining $121 million, 
which includes construction and four years of operating 
costs.
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The methanol plant, which would convert about 10 percent 
of the synfuels plant's raw synthesis gas to 500 tons per day 
of methanol, is to be operational in 1993.

form satisfactorily, problems were encountered in the gas col-
lection system and operation of the gasifiers as a battery has 
not been achieved. 

fl## 

COLORADO GASIFICATION PLANT PROPOSAL 
DENIED AGAIN 

Eastside Coal Company's permit application for a coal-fired 
cogeneration power plant near' Silt, Colorado has been 
denied for the second time by Garfield County Commis-
sioners 

Coal would be gasified to fire a 98-megawatt power plant. 
The plant was to be the first large-scale use of a new 
cogeneration technology which would run the carbon dioxide 
and nitrogen emissions through the growing beds of 20 acres 
of vegetable greenhouses. The project would employ 
150 people. 

Residents who oppose the proposedproject haverefused to 
consider any type of coal-burning plant being built in Gar-
field County. 

Bob Watson, president of Abraxas Oil Company, the San 
Antonio, Texas firm that owns Eastside, says they are now in 
the process of replacing the project manager. Once this is 
accomplished, decisions will be made about substantial 
changes to the project; the company is considering different 
types of coal gasification processes. Watson is hopeful that a 
new proposal can be submitted by mid-summer, and has ex-
pressed confidence that it will be approved. 

If Eastside is successful in obtaining a special use permit 
from the Garfield County Commissioners, a public hearing 
must be held within 60 days. 

GASIFICATION SYSTEM AT HAZELTON GOES INTO 
LITIGATION 

The cogeneration project being developed by Continental 
Energy Associates (CEA) at Hazelton, Pennsylvania (the 
former CAN DO project site) has run into technical 
problems which have spawned lawsuits. 

The project involves 14 Wellman-Galusha gasifiers operating 
on coal waste. The gasifiers were built for CEA by Dravo 
Corporation. The 100 megawatt project was originally 
scheduled to go on line in April 1989. Although the in-
dividual gasifiers themselves are expected to be able to per-

In February CEA discharged Dravo as the 
engineer/constructor. Dravo then filed a lawsuit for wrong-
ful termination of the contract and CEA countersued. 

The situation hasbecome a problem for Dravo in other ways 
because in the time since the project was initiated they sold 
the gasifier business to a Swedish company and their en-
gineering business to Davy, now Davy-Dravo. Thus Dravo 
Corporation is no longer in either the gasifier business or the 
engineering business. 

MIDLAND COGENERATION PROJECT HOPES TO 
ARRANGE PRIVATE FUNDING 

Under the United States Department of Energy's Clean 
Coal Technology Round 3 Program, Midland Cogeneration 
Venture (MCV) of Midland, Michigan and California Car-
bide Company (CCC) of Costa Mesa, California proposed to 
construct and operate a 200 ton per day demonstration plant 
utilizing the CCC Flash Desulfurizing Gasification (FDG) 
process. The demonstration plant would produce a sulfur-
free, low-BTU fuel gas which will be compressed to 405 psia 
and blended with the natural gas feeding MCV's existing 
1,370 megawatt combined cycle plant. (See ne Pace && 
ihtic E s  Report. December 1989, page 4-2.) 

The project was not selected for funding by the Department 
of Energy. However MCV's B. Reinman says that talks are 
underway with a private company to try to continue the 
project in some form. 

The CCC FDG process uses ultra-high temperature radiative 
heat transfer at about 4,0000F to react an entrained stream 
of finely-divided coal and limestone mixture directly with air 
to form a chemically clean fuel gas and a slag which captures 
sulfur from the coal as calcium sulfide. The CaS is held by 
dissolving into molten silicate slag droplets. 

The droplets radiatively quench into spherical solid, free-
flowing vitreous shot upon leaving the gasifier. Because of 
the close proximity of the coal and the limestone within each 
reacting particle, the reaction of all forms of sulfur within the 
coal (organic, pyritic, or sulfatic) with the limestone is com-
plete, and does not rely on gas-solid contacting for removal 
of sulfur. 

According to MCV, the FDG process can be used to prepare 
a clean fuel gas from coal for the following applications: 
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- Retrofit of existing pulverized coal-, oil- or gas-
fired power plants to burn a clean coal-derived fuel 
gas 

- Retrofit of existing combined cycle plants to burn 
coal-derived fuel 

- Repowering of existing coal-, oil- or gas-fired 
plants with combustion turbines burning coal-
derived fuel gas 

- New Integrated Coal Gasification Combined Cycle 
plants 

New Rankine cycle (steam) plants 

DOW SYNGAS PASSES THIRD YEAR OF OPERATION 

At the Alternate Energy '90 conference held in Carmel, 
California in April, S.C. Jenkins of Destec Energy an-
nounced that the Dow Syngas Project had just completed 
three years of operation. The project is the world's largest 
single-train coal gasification plant and has been supplying 
over one-third of the 400 megawatts of power generation 
capacity in the Dow Louisiana Division chemical manufactur-
ing complex with clean coal-derived fuel gas. Destec Energy, 
Inc., a wholly owned subsidiary of The Dow Chemical Com-
pany, is now the owner of the Dow Syngas Project and in-
tends to build, own and operate coal gasification plants in 
the United States and internationally. 

Construction of the Dow Syngas Project was complete in 
early 1987 and methane-fired operation began on 
March 23, 1987, to cure out the refractory lining of the 
gasifier and other vessels. Coal feed was initiated 
April 6, 1987. After the first two-stage operation on 
August 28, 1987, both the plant availability and capacity im-
proved through the end of 1987 (see Figure 1, next page). 
Capacity is the percentage of the design capacity of 30 billion 
BTU per day of syngas production. Availability is defined as 
the percentage of time the plant is on coal and delivering on-
spec syngas to the gas turbines for any given period. 

Summary for 1988 

The year 1988 was marked by continuous improvement from 
each quarter to the next in terms of plant availability and 
capacity. A secondary soot scrubber was installed in June of 
1988 in order to further reduce the particulate level in the 
gas prior to H2S removal. In July of 1988 a redesigned spare 
economizer was ordered to correct the tendency of the unit 
to plug and foul. During an outage in October of 1988, in-
spection of the original economizer detected sulfidation cor-

rosion in the low temperature end. This corrosion was 
caused by rapid attack of the inner tube walls by the 
hydrogen sulfide in the syngas. Temperatures at the inner 
surface of the tubes were below the dew point because of an 
insulating film layer deposit. Boiler feedwater preheating, 
installed in 1989, eliminated this corrosion. 

Summary for 1989 

A new continuous "on-coal" operation record was established 
in early March. It was at the end of this run that the corro-
sion, first detected in October of 1988 in the economizer of 
the high temperature heat recovery unit, began to affect 
operations. Periodic tube leaks in the economizer were 
repaired and operations continued while awaiting delivery of 
the redesigned unit. In May a. successful test of 11,000 tons 
of western bituminous coal was completed. This test con-
firmed the ability of the unit to produce syngas on a higher 
rank coal. 

Concurrent with the first two years of operations a develop-
ment effort was underway to increase the solids concentra-
tion in the char recycle system. The plant's daily capacity 
was limited to 85 percent of design because of the char slurry 
quantity being recycled to the gasifier. Research resulted in 
a char thickening system which was first tested in August of 
1989. As a result, production for the last sixteen days of Sep-
tember, after the economizer change out, averaged 
893 percent of capacity with 100 percent availability during 
the same time period. A daily production record of 
98 percent of design capacity was set on October 7, 1989. 
That record was broken four days later on October 11, 1989, 
when 101 percent of capacity was achieved and again on 
October 18, 1989, when 103 percent of capacity was 
achieved. 

Summary for 1990 

Performance indicators for the first quarter 1990 have sur-
passed all four quarters of 1989 (see Figure 1) despite a 
15 day outage in March to install a tailgas thermal in-
cinerator unit. 

Development Plans 

Continuing with the bituminous coal development program 
begun in. 1989, a 400 ton test of Illinois No. 6 coal was 
scheduled for mid-May of 1990. This test will provide data 
on a swelling, less reactive coal than the western bituminous 
coal processed in 1989. Changes are planned for 1991 that 
will allow processing of high sulfur bituminous coal begin-
ning in January of 1992. Also, a dry char recycle system will 
be installed to improve the efficiency of the plant. 
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- Combustor. It must burn effectively coal and char 
at high temperature and must catch and discharge 
melting ash effectively. 

TWO TON PER DAY ENTRAINED GASIFIER 
ACCUMULATES 1,500 HOURS IN JAPAN 

A two ton per thy, entrained flow, air-blown, two-stage 
gasifier process development unit (PDU) has been operated 
at the Yokosuka laboratory of Japan's Central Research In-
stitute of Electric Power Industry (CRIEPI) since 1983. The 
project has been described at various symposia such as the 
International Conference on Coal Science held in Tokyo, 
Japan last fall, and the Gen Upgrade 90 conference held in 
Washington, D.C. in March. 

To date CRIEPI has conducted approximately 1,500 hours of 
gasification tests involving 17 different coals with ratios of 
fixed carbon to volatile matter ranging from 0.7 to 2.5 and 
ash melting temperatures of 1,500 to 1,8000K. 

The principle of operation of the pressurized, two-stage, 
entrained bed coal gasifier is shown in Figure 1. 

The gasifier system is composed of the gasifier plus a char 
recycle system, and the gasifier is composed of three parts: 
combustor, diffuser and reductor. The function of the three 
parts is shown in Figure 1:

Diffuser. It must mix completely incoming coal 
and char with the high temperature gas from the 
combustor. 

Reductor. It must gasify coal and char with high 
efficiency. 

According to CRIEPI, valuable operating experience with 
the PDU will be used to guide design of the 200 ton per day 
pilot plant now under construction. Lessons learned in the 
PDU include the following. 

Combustor Structure 

Corrosion and erosion of water-cooled combustor wall tubes 
by the molten slag was found to be very small after about 
1,000 hours of gasification, being protected by the self-
coating effect of a solid slag layer. Heat absorption in the 
combustor wall was 10-15 percent of the fuel heat input, 
depending on the fluidity of the molten slag. Stable discharg-
ing of molten slag was investigated by improving the shape 
and material of the slag tap. Visual observation and tempera-
ture measurement of the slag tap led to the correct proce-
dure for controlling air flow and the slag heating burner. 
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FIGURE 1 

C.RIEPI TWO STAGE
ENTRAINED BED COAL GASIFIER

and that corrosion occurred mainly at low gas temperatures 
due to acid condensation. Overall erosion rates were very 
low.

#fl# 

PROGRESS REPORTED IN SHELL COAL 
GASIFICATION 

The Shell Coal Gasification Process (SCGP) is suited for cou-
pling to a combined cycle system to produce electricity from 
coal. The SCGP technology is currently being demonstrated 
and optimized in the 250 to 400 ton per day SCGP-1 
demonstration plant near Houston, Texas. Shell officials 
have described the SCGP system in a number of conferences 
such as those sponsored by the American Institute of Chemi-
cal Engineers, the Electric Power Research Institute (EPRI), 
the Council on Alternate Fuels, etc. 

Process Description 

As-received coal is pulverized to a find grind, then dried and 
fed to a system of lockhoppers for pressurization. The coal 
is pneumatically conveyed as a dense phase using nitrogen or 
some other appropriate gas and introduced with oxygen, and 
with steam if needed, into the gasifier through horizontally-
opposed burners. The gasifier, operating at 350 psig and 
2,500-3,000°F, converts the coal to a synthesis gas with a heat 
content of approximately 300 BTU per standard cubic foot. 

Most of the ash entering with the coal melts and flows down 
the wall of the gasifier as molten slag, eventually exiting the 
gasifier through the slag tap in the bottom. The slag is 
quenched and solidified in a water bath and removed for 
utilization via lockhoppers. 

The raw synthesis gas flows upwards in the gasifier, carrying 
with it the remainder of the ash from the coal. Cooled 
product gas is recycled and mixed with the hot syngas as it 
exits the gasifier to cool the gas and solids sufficiently so that 
the solids are no longer sticky before entering the syngas 
cooler. The syngas cooler consists of superheating, steam 
generation, and economizing sections. The high-pressure 
superheated steam can be exported to the combined cycle 
facility or utilized within the gasification and oxygen plants, 
depending on the degree of integration desired. 

The flyslag in the synthesis gas is removed from the gas in 
solids removal steps and recovered via lockhoppers. Some 
of the flyslag may be recycled to the gasifier to allow a 
greater recovery of the coal ash as slag and to achieve higher 
carbon conversion.

Coal Feed System 

A lockhopper system was adopted and it has operated satis-
factorily for most tested coats. 

For some coals with poor handling properties, there were 
some problems such as bridging at the hopper cone, ac-
cumulation at the coal feeder and blocking of the fuel pipe. 
Almost all of these problems depend on the small scale of 
the PDU system, and it is considered that these problems 
will be improved when the system is enlarged. 

Char Recovery System 

The char recovery system is the most important equipment 
affecting gasification performance, and many improvements 
in the system were accomplished to increase the system ef-
ficiency. These included changes in cyclone size, valve size, 
valve type, thermal insulation and valve operating sequence. 

Erosion and Corrosion of Materials 

In periodical inspections, it was found that erosion was 
heaviest at the cyclone, pressure valves and piping bends,
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Background 

The SCGP technology applied at SCGP-1 is the result of an 
extensive research and development program conducted by 
Shell over nearly 20 years. A six ton per day process develop-
ment unit was placed in operation in 1976 at Shell Group's 
Amsterdam laboratory, and a 150 ton per day unit operated 
by Deutsche Shell in Harburg, West Germany, ran from 1978 
until 1983. 

SCGP-1 was designed to handle approximately 250 tons per 
day of bituminous coals and about 400 tons per day of lig-
nites. Initial commercial gasifier train modules are expected 
to have capacities ranging from 1,000 to 2,000 tons per day. 
Some critical equipment in SCGP-1, such as valves and ex-
changer tubes, are actual commercial sizes. Scaleup is ex-
pected to be straightforward. 

The SCGP-1 product gas is burned in Shell Oil's adjacent 
Deer Park manufacturing complex central power station 
boiler.

ScGp-1 Results 

SCGP-1 began operation in July 1987. After an initial 
shakedown phase of four months, SCGP-1 entered the 
demonstration phase. This phase lasted five months. Over-
all plant stream factor during this time was 82 percent, and 
the final run was a continuous run of 1,528 hours. 

Subsequent operation of SCGP-1 has focused on conducting, 
in parallel, an experimental phase and a coal feedstock 
phase. The objective of the experimental phase is to op-
timize process performance by testing process and equip-
ment changes. The objective of the coal feedstock phase is 
to test a variety of commercially and technically interesting 
coals. 

Coals run in SCGP-1 to date and their sources are depicted 
in Figure 1. These coals represent a diversity of sources and 
properties. The sources were intended to represent likely 
sources for the first commercial plants and/or significant 
deposits of general commercial interest. 

FIGURE 1 

COALS GASIFIED IN SCGP-1 
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For all the coals run to date, cold gas efficiencies have been 
80 percent and higher, even for the high sulfur coals, indicat-
ing that excellent gasification performance has been at-
tained. 

SCGP-1 has now operated for over 9,400 run hours, i.e., 
more than the equivalent of one calendar year of continuous 
operation. Because of the inherent operation associated 
with a demonstration unit, such as frequent startups and shut-
downs plus a variety of operating conditions and inspections, 
SCGP-1 equipment and materials have faced, in most cases, 
sterner tests in that time than would a continuously operat-
ing plant. Over 7,000 hours of maintenance-free operation 
have been accumulated on individual burners. These same 
burners have been utilized for several different coals and 
under a variety of operating conditions. 

Current projections indicate that burner replacement will 
only be required every two years. 

Refractory mean time between repairs in a commercial plant 
is, depending on the operating severity, projected for two to 
three years, and replacement or maintenance-type repairs 
can be carried out readily within a few days. 

Inspection results to date indicate excellent performance of 
the SCGP-1 gasifier and syngas cooler materials and verify 
Shell's confidence in meeting targeted intervals to main-
tenance for commercial plant gasifiers and syngas coolers 
with these same materials. For an SCGP commercial plant 
in The Netherlands, the superheater is fabricated from a 
high-alloy material which is predicted to have a mean time 
between major maintenance of 10 years. 

Commercial SCGP-CC Facilities 

Shell Oil has worked with several United States utilities plus 
EPRI and engineering contractors on specific EPRI-
sponsored commercial venture studies, each with individual 
project and site premises. Most of these studies were carried 
out prior to significant data being available from SCGP-1. 

More recently, Shell Oil has been working with an engineer-
ing contracting firm to update the equipment, layout, and 
costs for a commercial plant based on updated results from 
SCGP-1. For example, the previous studies had utilized 
three gasifiers for a 400 megawatt gasification plant. With 
results from SCGP-1, Shell Oil says it can now offer a 
400 megawatt facility with two gasifiers, each approximately 
2,000 tons per day. 

EPRI has developed an availability estimate for an SCOP-
based CGCC (coal gasification combined cycle) facility. 
Availability of the entire CGCC facility was determined to 
be 85 percent, with the availability of the SCGP plant at 
92 percent. Data and operating experience from SCGP-1

are verifying and even extending many assumptions made in 
that study for equipment and materials lifetimes. 

Florida Power & Light Company's EPRI-sponsored study 
with Shell evaluated both integrated and non-integrated 
cases, with the non-integrated case including delivery of syn-
gas to the combined cycle plant by pipeline over a distance 
of some 100 miles. 

With the recent advances in SCGP technology, based on 
SCGP-1 results and experiences, plus updated claims on ad-
vanced turbine output, Shell oil has re-evaluated the Florida 
Power & Light study. Heat rates for the non-integrated case 
were improved to 8,650-8,800 BTU per kilowatt hour (HHV 
basis), with three different design coals. Integration between 
gasification and combined cycle plants would lower heat 
rates even further. 

Commercial Application for SCGP 

The Shell Coal Gasification Process has been selected by 
N.V. Samenwerkende Electriciteits Produktiebedrijven, or 
SEP, a consortium of Dutch utilities, for a nominal 
250 megawatt integrated coal gasification combined cycle 
plant in The Netherlands. The plant will be built at Bug-
genum and operated by Demkolec, an SEP subsidiary. Star-
tup is targeted for end-1993. This plant will have a single 
Shell gasification train feeding a single Siemens combustion 
turbine. The gasifier and associated equipment will be 
designed for approximately 2,000 tons per day coal through-
put, the design coal being Drayton. 

The plant will be designed to operate at zero water dis-
charge. Design heat rate is 7,900 BTU per kilowatt hour, 
and design coal-to-busbar efficiency is 43.2 percent for this 
fully integrated SCGP-CC facility (basis LHV of the design 
coal). The environmental impact, being lower than other 
units burning pulverized coal as well as the production of 
less byproducts, also played an important role in the process 
selection. 

Dutch utility officials are said to be also considering a second 
plant that would use Shell coal gasification technology, with 
a final decision awaiting results from the initial 250-
megawatt effort. Plans for the second facility are targeted 
for completion in 1998. 

A final go-ahead on that plant, projected to be built near 
Rotterdam, will await the Buggenum results. 

Gasification Economics 

Shell says that coal gasification combined cycle offers the 
lowest cost electricity from coal. This position is supported 
by the results of a recent Shell study which compared the 
economics of coal gasification versus the economics of 
fluidized bed combustion and pulverized coal with flue gas 
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desulfurization. Two cases were considered: the addition of 
400 megawatts of new generation capacity at a greenfield 
site, and the repowering of an existing 120 megawatt pul-
verized coal boiler to reduce emissions and add 
220 megawatts of new capacity. In both cases the plants 
were located in the mid-Atlantic region and used Pittsburgh 
No. 8 coal. 

Results for the 400 megawatt new plant at a greenfield site 
are presented in Figure 2. On a cents-per-kilowatt basis, the 
capital costs and fixed costs for gasification are comparable 
with those for fluidized bed combustion and better than 
those for pulverized coal units, because the higher 
availability and lower heat rates for gasification translate to 
better dispatch and higher capacity factors. Coal costs are 
lower for gasification because of the lower heat rate. Addi-
tionally, both pulverized coal and fluidized bed combustion 
suffer high variable costs because in removing sulfur they 

FIGURE 2 

COST OF ELECTRICITY 
FOR GREENFIELD COAL PLANTS

produce more solid waste and incur higher disposal costs. In 
contrast, gasification recovers sulfur for sale, providing a 
credit. 

The overall cost of gasification combined cycle (CCC) 
repowering is compared with the cost of other coal-based op-
tions for simultaneously adding capacity and reducing emis-
sions in Figure 3. Two alternatives to CCC repowering are 
considered. The first is to retrofit the existing 120 megawatt 
facility with flue gas desulfurization (FGD) and add 
220 megawatts of new pulverized coal capacity also equipped 
with FGD. While the new pulverized coal unit would benefit 
from existing infrastructure, thereby reducing the cost of 
electricity relative to a greenfield plant, this still appears to 
be the least attractive option. CCC offers the least cost op. 
tion in both cases: adding new coal-based capacity or 
repowering existing coal-fired units. 

FIGURE 3

REPOWERING COST OPTIONS 

SOURCE: SAYENS
	

SOURCE: BAYENS 
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CORPORATIONS 

ALBERTA RESEARCH COUNCIL SUMMARIZES COAL 
WORK

According to ARC, gasification of coal has seen renewed in-
terest as a means of producing energy and liquid products 
cleanly and efficiently. Small reactors are being used to 
study the relative characteristics of Alberta's coals, and also 
the basic engineering aspects of coal gasification. 

According to the Alberta Research Council (ARC), coal-
bearing formations underlie nearly 46 percent of the 
province's total area. The Coal and Hydrocarbon Processing 
Department of the Alberta Research Council works to 
develop new technology to exploit the potential of these 
reserves. 

ARC's coal research is increasing the efficiency and usage of 
low-ranked coals. 

Selective Agglomeration 

Facilities and expertise have been developed to investigate 
beneficiation of bituminous and subbituminous coal by selec-
tive agglomeration processes. 

ARC says agglomeration technology produces spherical ag-
glomerates which are low in ash, moisture content and pol-
lutants. The process increases the utilization of fines, allow-
ing 90 to 95 percent of the coal to be recovered. It also in-
creases the heating value of coal, and reduces the cost and 
risk associated with transportation. 

Recently, it was proven that agglomeration technology, com-
bined with thermal treatment, has the added benefit of 
upgrading the low-grade bitumen or heavy oils used in the 
process. 

A six-tonne-per-day continuous agglomeration unit was built 
at the Coal Research Centre Devon. Completed in 1988, 
this flexible plant studies the application of agglomeration 
for low-ranked coals and bitumen, high-ranked coals and 
lighter oils, as well as environmental concerns. 

Combustion and Gasification 

Combustion and gasification studies are undertaken by ARC 
to help industry evaluate and adapt existing demonstration 
and commercial-scale technologies to Alberta coals. Effort 
also is directed to the development of new technologies 
which will burn or gasify coals more efficiently and cleanly. 

ARC's combustion test facilities are geared towards the 
study of pulverized coal combustion. Research is conducted 
to determine relative combustion characteristics and the ef-
fects of upgrading treatments on combustion properties. 
Fundamental studies by ARC enable the prediction of coal's 
combustion properties—information industry can use to 
market its products and to improve its operating efficiencies.

Coprucesslng and Liquefaction 

The Coal and Hydrocarbon Processing Department initiated 
research in this field in 1980, and established high-
pressure/high-temperature facilities for process development 
and technology transfer, according to ARC. 

The coprocessing of coal and heavy oil or bitumen slurries, is 
being investigated to determine the potential advantage of 
simultaneously upgrading coal/oil mixtures, as opposed to 
processing these feed materials separately. ARC says, 'The 
results have been encouraging and the concept has received 
some attention internationally? 

Studies are conducted on process development and verifica-
tion, as well as the chemical structure of bitumen- and coal-
derived products. Researchers at ARC are identifying 
problems related to the upgrading of coal-derived products, 
and seeking to provide solutions which will enable the 
hydroprocessing of coal- and bitumen-derived products. 

ARC has developed facilities which support industry's work 
in the area of coprocessing. Product characterization 
facilities are in place to compare these products with refinery 
products and standards. 

ARC, in cooperation with a private company, is currently ex-
amining and evaluating a patented process for coprocessing 
coal and bitumen—a two-stage process which claims reduced 
hydrogen consumption and increased heat recovery. 

##1# 

TEXACO SEES INCREASING GASIFICATION 
OPPORTUNITIES 

At the annual meeting of the Council on Alternate Fuels, 
W.R. Siegart, vice president of Texaco Syngas Inc., said that 
with the new Clean Air legislation, the ability to make a 
clean fuel will occupy a very prominent place in the energy 
picture in the United States and throughout the world. 
Texaco's gasification technology now can produce energy 
from coal in an environmentally clean and technologically 
superior manner. Today there are % Texaco licensed 
gasification plants in the world. 

SYNflIE'llC FUELS REPORT, JUNE 1990 
4-Il



Cogaslflcatlon of Wastes 

Gasification converts carbon-containing materials to syn-
thesis gas, carbon monoxide and hydrogen. Therefore, says 
Siegart, other forms of carbon, including organic waste and 
petroleum coke, may also be suitable feed through the bur-
ner into the gasifier. Texaco's Montebello Laboratory in 
California has shown that organic waste could be easily 
handled and gasified. The end results were that there were 
no emissions of any metals to the air, the metals were fixed 
in the slag which was non-leachable, no organics survived, 
and sulfur emission was no greater than with coal. 

On September 25, 1989, Texaco Syngas was awarded the 
right to negotiate with Southern California Edison for the 
purchase and operation of the Cool Water Coal Gasification 
Plant in the Mojave Desert. According to Siegart, Texaco 
intends to utilize the results of the work from the Mon-
tebello research facility so that Cool Water will convert 
sewage sludge in combination with coal into synthesis gas to 
be used to fire the gas turbines. This represents, as did the 
original Cool Water, a scaleup of technology to commercial 
size. The coal and sewage sludge will be handled in the most 
environmentally sound manner available and will result in 
the generation of electric power to be sold from the plant. 

Delaware Clean Energy Project 

On February 26, 1990, Star Enterprise, Delaware Power & 
Lighting Company, Mission Energy, and Texaco Syngas en-
tered into an agreement for the Delaware Clean Energy 
Project. At this time, there is a power plant adjacent to the 
Star Enterprise Delaware City Refinery which burns 
petroleum coke as its fuel; it has a scrubber associated with 
it. 

Siegart said, "The project envisions that petroleum coke, a 
byproduct of the refinery, would be fed to the gasifier and 
the resulting gas would be used to fuel the presently coke-
fired boilers." This plant would gasify 2,000 tons a day of 
petroleum coke, and any organic waste associated with the 
refinery could also be used as a co-fuel. 

The project will substantially reduce overall emissions at the 
Delaware City facilities, and nearly double the electrical out-
put while making use of a commercial byproduct of the oil 
refinery, says Siegart. The estimated cost of the plant is ap-
proximately $300 million. 

Freetown Energy Park 

On February 6, 1990, Texaco Syngas, General Electric, and 
Commonwealth Energy announced that they have begun 
planning a joint development of an electric generating 
facility in Freetown, Massachusetts to be known as the 
Freetown Energy Park. Siegart said, 'The Energy Park will 
generate an initial 440 megawatts of electric power by in-

tegrated gasification combined cycle power generation using 
the Texaco coal gasification process and General Electric's 
frame 7F turbine for combined cycle electric power 
generation? This plant has the potential to be expanded to 
over 1,200 megawatts of power in the long term. Texaco offi-
cials believe that this clean use of coal in Massachusetts will 
once again show that coal can be used in a clean, environ-
mentally superior manner. The gasification system does not 
emit fly ash, does not emit metals to the air, produces a clean 
non-leachable, non-hazardous slag and salable elemental sul-
fur, and is a superior way of generating electric power. 

Dick Homer, president of Texaco Syngas, has said, "Our 
goals of this project are two fold: to construct the cleanest 
coal-based power plant in the world and to produce power at 
competitive rates." 

Overseas Applications 

Today there is commercial application of the Texaco coal 
gasification process throughout the world, says Siegart. In 
China, two units are under construction, and countries 
throughout Europe are now considering the Texaco process. 

According to Siegart, Texaco's research facility in Mon-
tebello continues to look for and examine new applications 
of the gasification technology. It continues to look for im-
proved efficiency, and for technological improvements. High 
temperature sulfur recovery and in situ desulfurization are 
two examples of current research being done by Texaco Syn-
gas. 

SOUTHERN COMPANY SERVICES TO STUDY HOT GAS 
CLEANUP PROCESSES 

The United States Department of Energy has indicated it in-
tends to fund a $53 million project at Southern Company 
Services to build an engineering-scale test facility for hot gas 
cleanup processes. Funding would go toward a five-year 
program of construction and operation. 

Hot gas cleanup devices such as particulate filters will be ap-
plicable to both pressurized fluidized bed combustion sys-
tems and integrated gasification combined cycle systems. 
Hybrid systems such as the topping cycle proposed by British 
Coal (see article elsewhere in this section) could benefit as 
well. 

The new test facility, to be located at Wilsonville, Alabama, 
will have a 2 ton per hour (coal feed) gasifier to produce gas 
streams for testing.
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GOVERNMENT 

WATKINS NAMES NEW MEMBERS TO COAL 
ADVISORY COUNCIL 

Secretary of Energy James D. Watkins has announced the 
appointment of 29 new members to the National Coal Coun-
cil. 

"I am convinced that coal can provide a greater contribution 
to the nation's energy needs well into the twenty-first 
century," Watkins told the new members. "If our most abun-
dant fossil fuel is to reach its full potential, we must look to 
our nation's experts to gain a better understanding of the 
impact of the myriad of federal policies that affect its produc-
tion, marketing, and use. That is the purpose of the Coal 
Council." 

The National Coal Council was initially chartered in 1984, 
and is renewed every two years. Secretary Watkins renewed 
its charter in November 1989. The new appointments bring 
the council membership to 114 representatives. 

Members are chosen to reflect a geographic balance, repre-
sentation of both large and small companies, and residential 
and commercial consumers of coal. Membership also in-
cludes environmental groups, labor, research and academic 
organizations, and state and local governments. 

The council is currently completing two studies, one on the 
future long-range role of coal in the United States and the 
other examining disincentives that are impeding clean coal 
technology use in the industrial sector. Recent reports in-
cluded a study of the bathers to commercial development of 
clean coal technologies and new markets for coal in non-
utility areas. 

The new members of the National Coal Council will serve 
through November of 1991. They are: 

Sy Ali, General Motors Corporation; Charles Justice Baird, 
Baird and Baird; George M. Barberich, Alternate Fuels, 
Inc.; Eddie Beck, Bowling Green Municipal Utilities; 
H.L. Bilhartz, Jr., ARCO Coal Company; Donald P. Brown, 
Cyprus Coal Company, Wilfred Connell, Illinois Power Com-
pany, John C. Fay, Jr., McWane Coal Company, Inc.; 
J. Stephen Griles, The United Company, John Grisham, In-
dustrial Mining Company; Stanley W. Hulett, State of 
California Public Utilities Commission; Dean K. Hunt, 
Stephens, Thomas & Bunt, P.S.C.; Richard W. Ince, Sun 
Company; Peter B. Lilly, Kerr-McGee Coal Corporation; 
Gary K. Livingstone, ANDALEX Resources, Inc.; Robert E. 
Lumpkin, Amoco Corporation; J.L. Mahaffey, Shell Mining 
Company; Clifford R. Miercort, The North American Coal 
Corporation; J.J. Murphy, Western Energy Corporation; 
Ross 0. Swimmer, Esquire, Hall, Estill, Hardwick, Gable,

Golden & Nelson, P.C.; John Willson, Costain Coal, Inc.; 
John T. Newton, Kentucky Utilities Company; Michael R. 
Niggli, Entergy Services; Louis Pagnotti, Ill, Pagnotti En- 
terprises; Frederick D. Palmer, Western Fuels Association, 
Inc.; Fred C. Raskin, Midland Enterprises, Inc.; 
J.J. Shackleford, TECO Coal Corporation; H. Kerner 
Smith, Jr., Riley Stoker Corporation; Marc F. Wray, Joy 
Technologies.

#111 

DOE CLEAN COAL HEARINGS HELD IN 
SAN FRANCISCO AND BOSTON 

The United States Department of Energy (DOE) held public 
meetings in San Francisco, California and Boston, Mas-
sachusetts recently to obtain input for the fourth round 
solicitation of the Clean Coal Technology Program. 

C. Lowell Miller, Associate Deputy Assistant Secretary for 
Clean Coal, pointed out that the Clean Coal Technology 
Program has been flexible. It has evolved in response to in-
dustry leadership and public concern. 

The program was intended to be a 50 percent 
government/SO percent industry cost shared program. 
However, says Miller, industry has been contributing an 
average of 60 percent. With government funding of 
$2.7 billion for the five separate phases, and if the pattern of 
industry funding continues, Clean Coal Technology becomes 
a $7 billion program. 

Miller told the participants that at the end of three rounds of 
solicitations there are 38 projects in the program, distributed 
over a wide variety of technologies and geographically scat-
tered across the United States. 

Finally, before adjourning for the workshop sessions, Miller 
outlined some of the issues to be addressed by these public 
meetings. They were: repayment, foreign participation, 
timing of the acid rain bill, global warming, intellectual 
property, project selection approaches, proposal information 
and emphasis, cost of proposal preparations, and the ap-
propriate balance between public and private funds. 

Summary of Comments at San Francisco Meeting 

While participants generally favored total elimination of 
repayment, most felt that the repayment provisions in Clean 
Coal HI were fair. Some thought that repayment should be 
made only for the construction portion (Phase II) of the 
project. 

With respect to foreign involvement, most participants felt 
that limiting the program to United States technologies 
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would, in the long run, have a negative impact on the ul-
timate goals of the program. Such limitations, they said, 
would drive up the cost of technologies and possibly limit 
United States companies to second-rate technologies. Par-
ticipants wanted the best technology in the world available to 
achieve the goal of the program—using United States coal in 
an environmentally superior manner. 

Most participants were not in favor of delaying the program 
until after the acid rain bill passed. Many thought more 
weight should be given to technologies that achieve superior 
environmental performance for the fourth round of solicita-
tions. 

With respect to the problem of global warming, participants 
generally favored supporting and emphasizing technologies 
with higher efficiency. Most favored giving extra credit to 
those technologies which removed or reduced emission of 
CO2 . One participant noted that because global warming is 
not just a domestic problem, maybe there should be an inter-
national clean coal program. 

Most participants felt that the fourth round solicitation 
should accommodate a mix of technologies, but that if the 
DOE were looking for specific technologies, then the solicita-
tion should so state. Many agreed that the emphasis should 
be placed on efficient, environmentally sound technologies. 

Summary of Comments at Boston Meeting 

On the subject of repayment, most participants favored its 
elimination, but accepted the concept as part of the overall 
program. There was a wide variety of suggestions as to how 
to restructure repayment and make it more flexible. 

While there was some discussion of limiting foreign participa-
tion in the program, the general consensus seemed to be that 
it would be detrimental to the long-term goal of the 
program—to develop the best available technology no matter 
where it originates. 

Again, participants were not in favor of delaying the 
program to wait for passage of the acid rain bill. 

As in San Francisco, participants supported the idea of in-
creased efficiency, with extra credit being given to those tech-
nologies which reduce CO  emissions. 

Concerning the fourth round solicitation, most people felt it 
was not appropriate to favor any particular kind of technol-
ogy. The clear consensus was to allow for flexibility and 
diversity.

###0

GAO SURVEYS UTILITIES FOR POTENTIAL USE OF 
CLEAN COAL TECHNOLOGIES 

In testimony before the House Subcommittee on Economic 
Stabilization, V.S. Rezendes from the United States General 
Accounting Office (GAO) detailed the preliminary results of 
a utility survey. Rezendes said that the survey was done to 
determine how utilities would respond to different emission 
reduction requirements and compliance dates. 

The survey contained four hypothetical acid rain control 
scenarios: 

- Moderate reductions by 1997 
- Stringent reductions by 1997 
- Moderate reductions by 2004 
- Stringent reductions by 2004 

According to Rezendes, few utilities plan to use emerging 
clean coal technologies at their existing power-generating 
units to reduce sulfur dioxide or nitrogen oxide emissions. 
"Our analysis showed that utilities planned to use such tech-
nologies on only about five percent of their coal-fired units 
before 2010. However, given acid rain control legislation, 
many more would look to these technologies to meet emis-
sion reduction requirements." 

Sulfur Dioxide Emission Reduction 

Rezendes said that utilities' interest in using clean coal tech-
nologies to meet sulfur dioxide emission requirements 
seemed to be linked more to the time frames for compliance 
than the level of reductions to be met (Figure 1). "Our 
analysis showed that utilities would consider such tech-
nologies for up to 51 percent of their coal-fired units under a 
2004 compliance deadline, but only for up to 25 percent of 
their units under a 1997 compliance deadline," he said. He 
also pointed out that the questionnaire results indicate that 
about 16 to 21 percent of utilities' coat-fired units would al-
ready meet the sulfur dioxide emission reduction scenarios. 

As Figure 1 indicates, clean coat technologies were not the 
most frequently cited options for reducing sulfur dioxide 
emissions under three of the four scenarios. Rezendes said 
that utilities would also consider conventional options and 
technologies, such as switching to low-sulfur coal and install-
ing conventional flue gas scrubbers. Only under the 2004 
deadline requiring stringent emission reductions did utilities 
indicate they would opt for clean coal technologies more fre-
quently than conventional options. 

Nitrogen Oxide Emission Reduction 

According to Rezendes, utilities' interest in using clean coal 
technologies for nitrogen oxide control was more directly re-- 
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FIGURE 1 
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lated to the severity of the emission reduction requirements 
than the timing of the compliance deadlines (Figure 2). 
"Our analysis of utilities' responses showed that under either 
a 1997 or a 2004 deadline, utilities would consider such tech-
nologies to reduce nitrogen oxide emissions at 53 to 
57 percent of their coal-fired units under moderate emission 
reduction requirements and at 72 to 77 percent of their units 
under more stringent requirements," he said About 
18 percent of utilities' coal-fired units already comply with 
the moderate nitrogen oxide emission reduction scenarios 
and about six percent meet the stringent scenarios, according 
to the survey results. 

This high level of interest in clean coal technologies to con-
trol nitrogen oxide emissions seems to be based mainly on 
optimism that a group of related technologies categorized as 
low-nitrogen oxide combustion can be successfully deployed, 
says Rezendes. Some of these technologies have already 
been successfully demonstrated in newly constructed boilers.

FIGURE 2 
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Commercial Availability and Development of New 
Technologies 

While acid rain control mandates may encourage utilities to 
consider using clean coal technologies, the new technologies 
have not yet been successfully demonstrated. Industry has 
indicated that a new technology is not considered to be suc-
cessfully demonstrated until it has undergone multiple com-
mercial demonstrations, says Rezendes. 

According to industry estimates, says Rezendes, it may take 
rive to ten years for the new technologies to penetrate the 
market once they are demonstrated and available for com-
mercial use. Even when commercially available, utilities are 
apt to move cautiously. For example, industry officials have 
indicated that a utility will probably test the performance of 
a successfully demonstrated technology on a single unit 
before installing it on other units. 
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"Utilities are also concerned about whether they will be al-
lowed to recover their investment costs in installing new tech-
nologies once they are commercially available," Rc,zendes 
added. "Our survey results indicate that, next to acid rain 
control legislation, cost was the most frequently cited factor 
that would influence utilities' decisions to adopt clean coal 
technologies."

Rezendes concluded that "because of the anticipated time 
frames needed for demonstration and deployment, emerging 
clean coal technologies may play only a limited role in reduc-
ing acid rain during the next 15 years. But once they are com-
mercially available and widely deployed, they could con- 
tribute significantly to combating this problem? 

fin 
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ECONOMICS 

RELIABILITY OF FUTURE COMBINED CYCLE POWER 
PLANTS STUDIED 

At the Powcr-Gen '89 conference held in New Orleans in 
December, a paper by JJ. Lofe and R.R. Richwine of 
Southern Company Services was directed at reliability pre-
dictions for combined cycle power plants. 

The United States Department of Energy has estimated that 
approximately 35,000 megawatts of new combined cycle 
plants will be needed during the 1990s to meet rising 
demand. For both utilities and non-utility owners of this 
new capacity, the reliability of these plants is a vital issue. 
For utilities it is necessary to incorporate their reliability ex-
pectations into corporate models for production costs and 
expansion planning. For non-utility owners it can be the 
determining factor in the economic viability of the project. 

The Southern electric system (SES) is one of the United 
State's largest utilities with over 30,000 megawatts of in-
stalled capacity serving customers in four southeastern gates. 
The SES consists of five operating companies (Alabama 
Power, Georgia Power, Gulf Power, Mississippi Power, and 
Savannah Electric and Power), its in-house engineering and 
technical services company (Southern Company Services), 
and its external marketing company (Southern Electric 
International). The system's current expansion plan includes 
several thousand megawatts of new combined cycle genera-
tion to be installed during the next 20 years and accurate es-
timates of their reliabilities are extremely important. 

For many other types of power plants, reasonable forecasts 
can be made by analyzing historic data bases like the North 
American Electric Reliability Council's (NERC) Generating 
Availability Data System (GADS) which contains many years 
of utility data. In the case of combined cycle units, however, 
only 24 units have been reporting to NERC and most of 
those were installed during the mid-1970s. Therefore, the 
usefulness of this data base for predicting new technology 
units is limited. Since other data bases provide even more 
limited information about combined cycle's reliability, it is 
necessary to use other methods. 

Although the NERC GADS data base for combined cycle 
units is limited, it still represents the best utility industry data 
available. In the 1988 NERC GADS "Generating 
Availability Report' the following combined cycle averages 
are listed for 1988: 

Equivalent Forced Outage Rate (EFOR) = 14.14% 
Equivalent Availability Factor (EAT) = 77.36% 
Net Capacity Factor (NCF) = 35.64%

However, Lofe and Richwine examined the quarterly data 
and found a remarkable trend: 

As NCF increases (the unit is needed more often) the 
EFOR decreases (the unit is more reliable) and the 
EAF increases (the unit has fewer scheduled main-
tenance outages as well as being more reliable). 

Thus, for the third quarter 1988 data (summer): 

EFOR = 5.84% 

EAF = 87.42% 
NCF = 48.28% 

One likely reason advanced for this significant trend is "when 
the economic incentive for a unit to be reliable is greatest, 
better than average performance can be achieved." 

Currently an in-depth study of this hypothesis is being per-
formed by NERC's Generating Availability Trend Evalua-
tion Working Group for combined cycles and other types of 
generation. If this hypothesis checks out, it will have a very 
strong impact on how combined cycle and combustion tur-
bine reliabilities are viewed, influencing planning, design, 
operations, and maintenance. 

Projected Performance 

With little historical data to use as a basis, it was necessary to 
find some other means for estimating the reliability and 
availability of future combined cycle units. Numerous 
studies using advanced reliability predicting tools have been 
conducted by the Electric Power Research Institute (EPRI), 
Souther Company Services, and other utilities and utility con-
sultants. By compiling the results of 13 of these individual 
studies, L,ofe and Richwine arrived at some estimates. 

The average EFOR was 6.2 percent with a standard devia-
tion of 3.3 percent and varied between 2.5 percent (EPRI 
study of a combined cycle plant using advanced gas turbines) 
and 12 percent (Southern Company Services study of a 
gasification combined cycle plant without backup fuel). The 
average EAF was 90.1 percent with a standard deviation of 
3.5 percent and varied between 85 percent and 94.2 percent. 
Table 1 (next page) lists the results from all studies. 

By examining the results of several studies on the reliability 
of future combined cycle power plants, it is possible to con- 
dude that these plants, as a group, will be capable of provid-
ing a reliable source of energy to the United States grid into 
the 21st century. However, it is also evident that expecta-
tions are lower for integrated coal gasification systems, and 
this will have a large impact on the economic feasibility of 
switching from natural gas to coal. 
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TABLE 1 

PROJECTED COMBINED-CYCLE PERFORMANCE 

Description Duty EFOR EAF 

CC Baseload 6.9 87.1 
CC Cycling 6.0 - 
CC (During Demand Periods) Cycling 2.5 - 
CC (Conventional Gas Turbines) Cycling 4.9 90.3 
CC (Advanced Gas Turbines) Cycling 2.5 92.6 
CC (Recent Gas Turbines) Various 6+ 80-92 
CC (Newer Gas Turbines) Various - 82-94 
CC (Recent Gas Turbines) Baseload - 90 + 
CC (Co-Generation) Load 

Following 6.6 - 
CC (2 Gas Turbines) Baseload 2.9 94 
CC (Co-Generation) Baseload 2.8 93 

Integrated Gasification CC 
Without Backup Fuel Baseload 10.8 85.0 
Without Backup Fuel Baseload 5.0 92.7 
Without Backup Fuel Baseload 10.6 85.2 
With Backup Fuel Baseload 6.7 91.1 

Non-Integrated Gasification CC 
Without Backup Fuel Baseload 12.0 - 
With Backup Fuel Baseload 6.9 -

CARBON FUELS CLAIMS 37 PERCENT RATE OF 
RETURN POSSIBLE 

Carbon Fuels Corporation has proposed to develop a coal 
refining process to produce a purnpable coal slurry type fuel 
(Figure 1). 

The process is based on a hydrodisproportionation reactor 
which converts coal to char, gases and liquids. Pulverized 
dried coal is subjected to a high heat rate, short residence 
time devolatilization and hydrogenation. Char is separated 
from the quenched reactor effluent as a thy, free-flowing 
solid. The remaining reactor effluent is cooled to condense 
and recover the liquid products. The raw oil can be mildly 
hydrostabilized, if required, and used as the principal liquid 
blending component for production of the char slurry fuel. 
Additional liquids such as methanol can be manufactured 
from the gas stream.

Char-Fuels of Wyoming is planning a demonstration project 
to be located at the Dave Johnston Power Generation Sta-
tion, owned and operated by Pacific Power & Light in Glen-
rock, Wyoming. The scope of the two-year project is to 
design, construct, and operate a 150 ton per day demonstra-
tion scale facility to optimize process parameters; to verify 
removal of acid rain precursors; and to conduct combustion 
and theological demonstrations of the products. 

Project economics were discussed in a presentation by 
L.C. Meyer at the Comparative Economics of Clean Coal 
Technologies conference held in Washington, D.C. in 
March. According to Meyer, the economics of the process 
are comparable to that for oil refining. Using $2.10 per mil-
lion BTU as the delivered price for the slurry fuel, the 
revenue stream is not very sensitive to coproduct prices 
(Figure 2). Pipeline transport of the high heating value char 
slurry fuel is very inexpensive on a BTU basis when corn-
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the return is 19.94 percent. The financial projections are 
summarized in Table 1.

TABLE 1 

BEFORE AND AFTER-TAX INTERAL RATES OF RETURN 
FOR 10,000 TPD PLANT 

Ixu M	 Before Tax IRR After Ic ffiR 

Powder River Basin Coal 	 37.06%	 31.16% 
Western Kentucky No. 9 Coal	 22.18%	 24.04% 
Illinois No. 6 Coal	 22.81%	 19.94% 

tions for the Comparative Economics of Clean Coal Tech-
nologies conference, the rates of return are lower, as shown 
in Table 2. A project cost summary for the Wyoming coal 
case is given in Table 3. 

boiler fuel and about one ton equivalent of the vari ous 
coproducts which are salable to non-traditional coal markets. 

TABLE 2 

(Using Pasha Criteria) 

TVDC of Coal	 Before Tax lRR After Tax IRR 

Powder River Basin Coal 	 23.75%	 17.64% 
Illinois No. 6 Coal	 14.21%	 1133% 

pared to transport of raw coal. Using the criteria and as-
sumptions from United States Department of Energy's 
Clean Coal Ill Program Opportunity Notice, Carbon Fuels 
calculates that the after-tax return on investment for a Pow-
der River Basin plant is 31.16 percent (80/20 debt to equity); 
on a Kentucky plant (80/20 debt to equity) the return is 
24.04 percent; and on an Illinois plant (80/20 debt to equity) 

Utilizing the standardized data prepared by Pasha Publica-

Approximately two ton equivalents of coal are required to 
manufacture about one ton equivalent of the char slurry 

BEFORE AND AFTER-TAX INTERNAL RATES OF RETURN 
FOR 10,000 TPD PLANT 
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BASE CASE PLflERS1 - 

IIWESTMENT $588,218,000 
COAL PRICE	 $700/TON 
CNARFUEIS	 $2.IamAMBnJ 

...METIW/GI,	 $0.50/GAL  
BTX	 $1.15/GAL 
NEmtA	 $120/GAL 
CO2 $I2SGACP 

•
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•
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TABLE 3 ECONOMIC FEASIBILITY OF COPROCESSING 
DEPENDS ON OIL AND RESID PRICE RANGE 

PROJECT COST SUMMARY FOR A 
10,000 TPD MAY COAL FEED PLANT Coprocessing of coat and petroleum residuum is often 

(15,545 TPD As Received) viewed as a potential transition step between resid upgrading 
and direct coal liquefaction. The MITRE Corporation has 
been carrying out techno-economic evaluations of coprocess-

Coal Type Powder River Basin ing technologies with this transition process in mind. 
Project Life 30 Years 
Operating Factor 330 Days/Year The need to produce more premium transportation products 
Taxes 50% of Net Profit from a barrel of crude oil is greater today than at any time in 
Depredation Straight Line the history of petroleum refining. 	 The future trend in oil 
Total Capital Investment $590,000,000 refining will be the need to utilize heavier, more sour, and 

more expensive crude. It is, therefore, necessary to convert 
Cost of Capital 10% the non-distillable residuum fraction of the crude to lower 
Working Capital: boiling products that are amenable to upgrading in conven-

60 Day Inventory $7,375,000 tional refining processes. 	 Processes available to accomplish 
60 Day Cash Supply $13,610,000 this are coking and hydrocracking.	 United States refiners 

Land Required $2,000,000 currently favor the coking option; the resid hydrocracking 
Startup Expense and Organization $11,800,000 capacity is small. 

Annual Operatine Cost 1990 5/Year Two of the successful, commercially proven resid hydrocrack-
ing technologies use ebullating-bed reactors. These are the 

Power $,738,000 H-OIL and LC-FINING processes. Both of these essentially 
Coal 35,910,000 similar technologies use high pressure ebullating-bed reac-
Limestone 0 ton and hydrotreating catalysts. Feed oil and hydrogen gas 
Chemicals & Catalysts 4,063,000 enter the reactors at the bottom and the upflow, velocity a-
Coproduct Credits pands the catalyst bed into a state of ebullation. 	 The bed 

BTX (48,689,000) expansion is controlled by an internal recycle oil pump. 
Naphtha (37,467,000) H-OIL process installations are at the Texaco refinery in 
Methanol (10,419,000) Convent, Louisiana and in Kuwait and Mexico.	 Husky Oil 
Ammonia (2,107,000) Operations is currently designing an H-OIL unit in Canada 
Sulfur 0 to upgrade Lloydminster and Cold Lake heavy oils.	 LC-
CO (32,432,000) FINING units are at the Amoco refinery, Texas City and at 

Utilities Syncrude Canada's bitumen upgrading plant in Alberta. 
Water 250,000 
Natural Gas 0 These ebullating-bed reactors are also the key components 

Ash Disposal 329,000 in several technologies for the direct liquefaction of coal. 
Operating Labor Lummus-Crest used LC-FINER reactors as the second stage 

Skilled 3,500,000 together with a short-contact-time thermal first stage in their 
Unskilled 910,000 Integrated Two-Stage Liquefaction (I'I'SL) process.	 At the 

Operating Labor Supervision ssz,000 Wilsonville coal liquefaction test facility, H-OIL reactors are 
Administrative & Support Labor 882,000 used for both first and second stages in the Close-Coupled 
Payroll Extras, Fringes, Etc. 1,764,000 lThL process. Hydrocarbon Research Incorporated (HIll) 
General Administrative Expense 11,800,000 uses two close-coupled H-OIL reactors in their Catalytic 
Insurance 8,885,000 Two-Stage Liquefaction (CThL) process. The ebullating na-
Maintenance W90,000 ture of the bed allows coal to be processed with acceptable 

catalyst deactivation rates and good unit operability. 
Product Rates

Between heavy oil or resid upgrading on the one hand and 
Charfuel Fluidic Fuel, Tons/Day 6,154 direct coal liquefaction on the other, there is the concept of 
Benzene-Toluene-Xylene, Gal/Day 105,387 coal/oil coprocessing. This can be considered a hybrid tech-
Naphtha, Gal/Day 94,614 nology combining features of the other two. 	 Coal/oil 
Methanol, Gal/Day 75,173 coprocessing is the simultaneous conversion of heavy 
Ammonia, Tons/Day 67.20 petroleum residua and coal, both low value feedstocks, to 
Sulfur, Tons/Day 40 produce more valuable, high quality distillate products that 
Carbon Dioxide, MMSCF/Day 78.60 can then be refined to give transportation fuels using conven-
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tional petroleum technology. Two of the current develop-
ment efforts in coprocessing also utilize the ebullated-bed 
reactor. The Lummus-Crest coprocessing concept uses LC-
FINERS and the coprocessing technology being developed 
by HRI uses H-OIL reactors and the same configuration as 
used for direct coal liquefaction. 

MITRE notes that there are several incentives for the 
development of coprocessing technologies. Because 
coprocessing upgrades both resid and coal simultaneously, it 
represents an intermediate technology to produce high value 
distillate from poor quality and low cost feedstocks. Coal 
may be introduced as a refinery feedstock together with resid 
because of relative feedstock economics and the eventual 
scarcity of petroleum feedstocks. The major plant com-
ponents needed for coprocessing can be considered essen-
tially commercial because of the commercial availability of 
the ebullated-bed reactors. There is also some evidence that 
coal may facilitate heavy petroleum resid upgrading. It has 
been suggested that heavy metals from the resid may 
preferentially deposit onto the coal ash rather than onto the 
catalyst. 

Economic Comparison 

A comparative analysis at MITRE was accomplished by 
developing computerized models that simulate conceptual 
commercial scale plants. The conceptual plants were all 
scaled to produce 100,000 barrels per day of liquid products. 
The models calculate feedstock requirements, plant fuel, 
hydrogen and energy needs, and final product yields and 
selectivities. The raw products are of differing quality and 
are hydrotreated in the model to produce distillates of com-
mon quality so that fair comparison is possible. 

In addition to performing energy and material balances, the 
models estimate the total installed cost of the conceptual 
plants, the total capital requirements, operating costs and the 
required selling prices of raw and hydrotreated products. 
Product prices are calculated from a discounted cash flow 
analysis for a specified set of financial parameters. 

Three cases were considered: direct coal liquefaction, 
coprocessing, and resid only upgrading. 

The conceptual commercial plant models were used to es-
timate the economics of the three processes. The cost of 
products was calculated for various costs of resid. The 
results are considered uncertain within a range because of

the large number of assumptions required for financial and 
other parameters. However, because all cases were calcu-
lated in a consistent way, relative comparisons should be 
meaningful. 

Figure 1 shows the trend in required selling price as a func-
tion of the cost of resid for the three processes for a constant 
coal price of $1 per million BTU. The window of oppor-
tunity for coprocessing lies between resid costs of R and S on 
the figure. Thus coprocessing has the potential to be a lower 
cost process option than resid only upgrading for all resid 
costs greater than R. At a resid cost greater than 5, coal li-
quefaction would be the lower cost alternative. 

According to MiTRE's G.C. Tomlinson, the best estimates 
at present are that point R falls on a resid cost of about 
$20 per barrel and point S falls on a resid cost of about 
$24.50 per barrel. Corresponding values of required product 
selling price are $35 and $38 per barrel. 

Tomlinson says their work has shown that an actual transi-
tion from resid upgrading to coprocessing would be more dif-
ficult than first expected, because of differing reactor design 
requirements for optimum operation. Thus some derating 
would be involved.

FIGURE 1 
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TECHNOLOGY 

SHELL PATENTS GASIFICATION BURNER WITH 
SPIRAL FLOW COOLED FACE 

United States Patent 4,865,542 issued to HJ.A. Hasenack 
and assigned to Shell Oil Company discloses a burner for the 
partial combustion of pulverized coal. 

The burner is said to be well suited to introduce the reac-
tants in any desired manner, e.g., horizontally or vertically, 
into the reaction zone of a conventional, refractory lined par-
tial oxidation gas generator, and is particularly suited for use 
in a gasifier having a plurality of burners positioned on sub-
stantially opposite sides of the combustion zone, whereby the 
reactants are introduced horizontally and the burner jets im-
pinge on each other to facilitate the partial oxidation process 
and to minimize erosion of the refractory wall. 

Because flame temperatures may exceed 2,0000C or more, a 
primary concern of such burners is to prevent damage to the 
burner face caused by the high heat flux during the gasifica-
tion process. The invention provides an improved burner 
wherein the cooling fluid is caused to flow in a particular 
manner to assure even cooling of the burner front face so as 
to minimize thermal stresses which could cause deterioration 
and failure of the burner during prolonged operation. 

Referring to Figures 1 and 2, the burner comprises central 
channel 12 having a discharge outlet 16 for supplying a finely 
divided solid fuel in a carrier gas, e.g., nitrogen, carbon 
dioxide, or synthesis gas, to a combustion zone. Concentri-
cally arranged around the central channel is first an annular 
channel 18 for oxygen-containing gas having an outlet into 
the combustion zone at its free end 20. Outlet 20 is disposed 
at an angle with respect to the longitudinal axis so that the 
issuing stream of oxygen-containing gas will intersect and 
mix with the stream of solid fuel issuing from outlet 16. Ar-
ranged concentrically around the first annular channel is a 
second annular channel 22 for a second gas, which may be 
oxygen-containing gas, a moderator gas such as steam or car-
bon dioxide, or a mixture of oxygen-containing gas and 
moderator gas, and having a free end 24 forming an outlet 
for a flow into the combustion zone. Outlet 24 will also be 
at an angle with respect to the longitudinal axis, but will be 
more divergent, i.e., less acute when channel 22 will be used 
to supply moderating or shielding gas to the combustion 
zone. 

The burner further comprises a cylindrical hollow wall mem-
ber 26 having an enlarged end part forming the front face 28 
of the burner. The hollow wall member is interiorly 
provided with spiral flow passages 30 which are connected to 
supply conduit 34 and return conduit 32 for fluid coolant.

It is a claimed advantage of the invention that it permits con-
vective and radiant heat transfer from combustion of the 
reactants downstream of the burner face while avoiding boil-
ing of the coolant liquid within the hollow wall member. 
The use of high velocity coolant through the spiral channel 
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assures even, low metal temperature in the burner face 
thereby enabling long life of the burner. 

During operation of the burner for the gasification of coal a 
second gas which may be oxygen-containing gas, or a tem-
perature moderating gas such as steam, carbon dioxide or 
nitrogen, or a mixture of oxygen-containing gas and moderat-
ing gas, is conveyed through annular channel 22 to outlet 24 
to supply additional oxygen as needed. When this second 
gas flow contains substantial amounts of moderator gas it 
forms a shield around the jets issuing coal and oxygen. The 
shield of moderator gas may be advantageous for preventing 
premature contact of oxygen with the reactor gas, which 
might result in undesirable complete conversion of the reac-
tor gas. 

It is preferred to operate by supplying oxygen-containing gas 
through both channels, at a mean velocity in the range of 35 
to 100 meters per second, supplying the gas through the cen-
termost annular channel outlet at a somewhat lower velocity 
than the velocity of gas supplied through the second annular 
channel outlet. 

The burner will ordinarily be fabricated of high temperature 
resistant metals and alloys such as sold under the trade name 
Inconel. For high duty operations the channels and outlets 
for oxygen-containing gas, which are usually made of metal, 
may be internally coated with an oxidic coating, such as 
Zr021 or a ceramic, enabling the application of high oxygen-
containing gas velocities without the risk of metal combus-
tion by the oxygen. 

SURFACE OXIDATION CATALYZES CARBON 
GASIFICATION 

Work carried out at Michigan State University by 
M.H. Treptau and Di. Miller has studied the oxidation of 
carbon prior to hydrogen gasification as a means of enhanc-
ing the methane formation rate. Carbon was oxidized by 
HNO3 and via partial combustion in oxygen, then gasified in 
hydrogen in a high-pressure differential reactor. Samples 
were analyzed by x-ray photoelectron spectroscopy (XPS) for 
surface oxygen content before and after pretreatment and 
reaction. 

Uncatalyzed Gasification 

The effect of nitric acid oxidation on the methane formation 
rate from carbon black is given in Figure 1. Figure 1 also 
shows the rate for a carbon which has been heat-treated in a 
vacuum, and for a carbon which has been heat-treated and 
then oxidized. Nitric acid oxidation of as-received carbon
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black increases the methane formation rate by 30-50 percent 
initially, but oxidation of heat-treated carbon black has no 
effect. It is also seen that the specific reaction rate decreases 
with conversion, although more slowly for the heat-treated 
sample than for the as-received sample. 

According to Treptau and Miller, the results for uncatalyzed 
gasification show a correlation between initial surface oxygen 
content and the hydrogasification rate, but XPS results 
reveal that essentially no oxygen is present on the carbon sur-
face during hydrogen gasification. This indicates that desorp-
tion of oxygen groups from the carbon surface generates reac-
tive sites at which hydrogen gasification occurs. These 
"nascent" sites form from groups both fixed during oxidation 
and from oxygen in bulk carbon, and are consumed as 
gasification proceeds. 

Catalyzed Gasification 

The results of potassium carbonate-catalyzed hydrogen 
gasification of carbon black are given in Figure 2 for samples 
subjected to heat treatment and oxidation before catalyst 
impregnation. Upon comparison with uncatalyzed reaction, 
it is clear that K2C01 exhibits a strong catalytic effect for 
both as-received and teat-treated carbons, and the specific 
rate, in contrast to that for the uncatalyzed case, increases 
with conversion.
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The effect of nitric acid oxidation on rate is relatively small 
for as-received carbon black and only somewhat more sub-
stantial for the heat-treated carbon. 

Analysis by XI'S shows that substantial oxygen and potas-
sium are present on the carbon surface during hydrogen 
gasification. It is postulated that reactive sites at which 
hydrogen gasification occurs are formed and regenerated con-
tinuously in the presence of a catalyst; oxygen necessary to 
form the sites is stabilized by the alkali metal. 

Conclusions 

The results presented illustrate that oxidation of the carbon 
surface by HNO3 prior to gasification in pure hydrogen 
results in up to a three-fold increase in methane formation 
rates. The researchers state with some confidence that the 
uncatalyzed hydrogen gasification of carbon occurs at active 
sites formed by desorption of primarily acidic surface oxygen 
groups and to a lesser extent basic surface and bulk oxygen 
groups in carbon. For alkali carbonate-catalyzed hydrogen 
gasification, the catalyst interacts primarily with basic groups 
to form active species which catalyze the reaction. 

The exact nature of these active catalyst species and the 
mechanism by which they facilitate methane formation is not 
clear. However, the observations that activation energies for 
catalyzed and uncatalyzed reactions are similar, that substan- 
tial catalyst loss occurs, that an active catalyst apparently is

stable to some extent on the surface, and that XI'S indicates 
some single oxygen-carbon bonds, suggests that the active 
form of the catalyst, possibly M-0-C, detaches from a 
specific location on the carbon surface to leave a "nascent" 
site at which methane formation occurs in a fashion similar 
to the uncatalyzed case. The active catalyst then either reat-
taches to a nearby surface (propagation) or undergoes reduc-
tion to free metal (catalyst loss). 

The observation of up to a three-fold increase in the gasifica-
tion rate following preoxidation with HNO 3 suggests a poten-
tial pregasification process step which could result in 
enhanced methane formation. Preoxidation could result in 
shorter residence times or decreased temperatures to ac-
complish a desired coal conversion. 

flu 

LARGE CAPACITY COAL SLURRY PUMPS AVAILABLE 

At the Alternate Energy '90 conference sponsored by the 
Council on Alternate Fuels in April, R.G. Littlefield of 
Ingersoll-Rand Company gave a historical review of his 
company's development of large capacity coal slurry pumps. 

During the late 1970s, the experience of energy crises forced 
the United States and the rest of the world to review its alter-
natives to oil. Certainly coal fit into the picture because of 
substantial available reserves. 

Among the problems of better utilizing coal was the one of 
economically transporting it from the mine to the point of 
use. The old idea of pumping coal as a slurry was renewed 
and a number of coal slurry pipeline proposals sprang forth. 

Some of these lines were proposed to transport as much as 
25 million tons of coal per year involving distances wellover 
1,000 miles. 

As a pump manufacturer, Ingersoll-Rand set out to deter-
mine what was required to best fill the pump requirements 
for a large coal slurry pipeline. As industry has done for 
many years, when new applications surface, it tends to adapt 
existing equipment to the task. In the case of coal slurry, ex-
isting oil field mud pumps could be applied and were, and 
still are, on the Black Mesa line quite successfully. However, 
shortcomings in size and maintenance remained, so it ap-
peared proper to start out with a clean slate. 

When Ingersoll-Rand asked users and pipeline designers 
what their needs were, they obtained the following response: 

- Larger throughput capacity 
- Moderate operating pressures 
- Continuous duty ratings

- 
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Maximum pump efficiency 
Long life expendable components 
Accessibility for maintenance 

Existing mud pumps were limited to 2,000 horsepower; it was 
decided to go for a 4,000 horsepower capability to reduce the 
number of pumps per station. A design capacity of up to 
7,000 gallons per minute and 2,000 psig discharge pressure 
was selected. In view of most proposed operating condi-
tions, this size would permit station design for a 25 million 
ton per year line with two operating pumps and one spare. 

Considering the requirements for highest possible operating 
efficiency and the ability to ramp up and down individual 
pump flow during station pump changes, it was decided that 
a positive displacement reciprocating type pump would be 
best suited for this service. Further, it was decided that it 
should be arranged as a triplex pump to minimize pulsation 
problems. 

Ingersoll-Rand's experience as a large reciprocating compres-
sor manufacturer assisted in properly designing a power end 
capable of handling high horsepower and high bearing loads 
while operating at 10 to 100 rpm. Considering a 16-inch 
diameter piston, rod loads could approach 175,000 pounds 
for many proposed operating conditions. The forged steel 
crankshaft for the triplex pump has a 20-inch diameter preci-
sion main bearing. A computer program determined 
100 rpm was the maximum pump rpm for most slurries. 

Concurrently with designing the prototype pump, it was 
decided to build a test facility in Cambridge, Ontario, 
Canada specifically for slurry pump development. This
facility had the capability of operating'

.
 the 4,000 horsepower 

pump at rated conditions. It contained a slurry circuit to ac-
commodate sand and clay mixtures of up to 50 percent solids 
to provide testing pumps on slurry continuously. 

Littlefield says that after over three years of testing, en-
gineers and management felt confident that the pump was 
ready to field. However, at that time the energy crisis melted 
away and coal slurry pipeline plans in the United States were 
set aside, in part due to water rights and right of way con-
troversies. 

However, says Littlefield, the energy needs of the world are 
not subsiding and countries such as Russia, India and China 
are further developing their large coal resources and will 
build coal slurry pipelines when they are advantageous. 

Several years ago, Russia purchased six Ingersoll-Rand 
pumps (two in each of three stations) for their Belovo-
Novosibirsk coal slurry pipeline. This pipeline is located In 
Central Siberia about 1,750 miles east of Moscow. 

This is a 160 mile line designed to transport 3 million tons of 
coal per year. The coal water fuel slurry is a 60 percent con-

centration used to directly fife power generating boilers at 
the end of the line. 

The 1,200 horsepower triplex pumps are single acting and 
operate at 75 rpm and discharge at 1,300 psi. The power end 
and other design features are the same as the tested 
4,000 horsepower prototype pump. 

The Soviet Union originally operated some of their own 
pumps on this line and tested the first Ingersoll-Rand pump 
delivered to them at a separate site. Obviously, they have 
taken a conservative approach considering the rating on the 
pumps purchased from Ingersoll-Rand. According to Lit-
tlefield, the pumps are all installed and have been operating 
well since initial startup during August 1989. 

The company says its inquiry level is active at the present 
time and they are encouraged about the future of slurry 
transportation. Fortunately, they serve a world market and 
can depend on activity outside the United States. 

## #_# 

CARBON DIOXIDE STUDIED AS GASIFICATION 
AGENT 

The Institute of Gas Technology (IGT) has conducted a fun-
damental research program sponsored by the United States 
Department of Energy to determine the technical feasibility 
of a process concept that involves pressurized CO2-coal 
gasification followed by a high-temperature CO2 removal 
step, using an MgO-based sorbent. This work was described 
at the American Institute of Chemical Engineers meeting in 
Orlando, Florida in March. 

Evaluation of a number of coal gasification processes in 
recent years has shown that a significant fraction of the capi-
tal investment and process operating expenses can be at-
tributed to process steam generation and raw gas cleanup to 
remove COT sulfur, and nitrogen compounds. An incentive 
exists, therefore, to develop new coal gasification process 
schemes that would significantly reduce process steam re-
quirements and replace conventional low-temperature acid-
gas removal technology with simpler and less costly methods. 

In most conventional coal gasification processes using steam 
and oxygen, only one-third to one-half of the process steam 
reacts. The unreacted steam must then be condensed from 
the raw product gas stream. Removing the latent heat of 
condensation requires large quantities of cooling or quench 
water. Also, the condensate must be treated before disposal. 
In addition, as a consequence of the use of steam, a typical 
coal gasification plant contains a number of pieces of equip-
ment with high capital and operating costs. These include 
high-pressure boilers, and their flue gas cleanup systems. 
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Thus, both capital and operating costs could be greatly 
reduced if the process steam requirement could be reduced 
or eliminated. 

The use of carbon dioxide as the gasifying medium to 
produce medium-BTU gas which consists principally of CO, 
coupled with the use of a solid sorbent for high-temperature 
CO removal with CO2 recycle back to the gasifier, would 
significantly reduce process steam requirements. This, in 
turn, would greatly reduce the amount of water condensation 
and cleanup required and might even eliminate boiler stack-
gas cleanup from the plant. lOT developed a simplified 
process flowsheet that incorporates CO2-0 -coal gasification 
with hot CO2 removal using a solid sorient to produce 
medium BTtfgas (MBG) as shown in Figure 1. As shown, 
the process requires only a few major processing steps: 

- co 2/02 gasification 

- Water quench of the gasifier effluent 

- Solid sorbent CO2 removal using a pressure-swing 
cycle to regenerate the sorbent 

- Oxygen production 

If methanol is the desired product, additional liquid water 
can be injected into the hot synthesis gas stream to provide 
reactant steam for a sulfur-tolerant water-gas shift step that 
would be added upstream of the CO removal step. 
Likewise, if synthetic natural gas (SNG is the desired 
product, a sulfur-tolerant direct-methanation step can be 
used upstream of the CO  removal step. 
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The need for a method of CO  removal from hot raw fuel 
gases became apparent in the course of process studies at 
lOT as early as 1979. However, selective removal of CO  
from hot raw fuel gases generated from coal has not been ex-
tensively studied. 

After searching for a hot CO2 removal system, the mag-
nesium oxide/carbonate system was selected and passed 
several preliminary screening tests in 1980. 

The equilibrium partial pressure of carbon dioxide, calcu-
lated from thermodynamic data, as a function of tempera-
ture over a binary mixture of MgO/MgCO3 is shown in 
Figure 2. The system would be expected to be reversible, ac-
cording to the reaction-

MgO + CO2 = MgCO3 

At temperatures above 600°F the rates of the forward and 
the reverse reactions were expected to be rapid. Further, 
based on thermodynamic calculations, MgO has no affinity 
for H2O, HzS. or hydrocarbons at these temperatures. 
Thererore, no interfering side reactions were anticipated. 

FIGURE 2 
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Experimental Absorption Studies 

It was found that MgO promoted with KOH displayed in-
creased CO2 absorption rates and capacities compared to 
pure MgO. 

Co absorption/desorption experiments were performed in 
a tlermobalance at temperatures ranging from 850°F to 
1,170°F and pressures from 100 to 300 psig. Experiments 
simulating a thermal-swing technique did not result in sig-
nificant desorption. Consequently, further , efforts were 
primarily devoted to the pressure-swing method of CO  ab-
sorption and desorption. 

Increasing system pressure (and therefore the CO2 partial 
pressure) favors the absorption rate. However, it was found 
that systeni pressure has no significant effect on desorption 
rate when CO 7 partial pressure is maintained at a low level 
by the use of aheliüm purge stream. 

The effects of short-time-duration cycling between 
50 percent CO  in helium and pure helium at constant tem-
perature and constant total pressure were studied. The gas 
composition in each cycle was switched from 50 percent CO2 
to pure helium after a weight gain of 53 to 6.5 percent in the 
absorption cycle, then back to 50 percent CO when original 
sorbent weight was reached. As shown in Figure 3, the ab-
sorption and desorption rates appeared to diminish slightly 
with an increasing number of cycles. 

IGT says it is currently pursuing further development of the 
CO sorbent system in a combined experimental and systems 
anaysis study. The results of that work will clarify operating 
conditions and economic feasibility.

FIGURE 3 
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INTERNATIONAL 

CSIRO FORMS DIVISION OF COAL AND ENERGY 
TECHNOLOGY

This project proposes gasification of Asturian coat in order 
to power a combined cycle, making use of the existing 
50 megawatt steam turbine and water/steam conventional 
cycle at the power plant, and incorporating two new gas tur-
bines and a heat recovery steam generator. 

Australia's Institute of Minerals, Energy and Construction 
has decided to form a Division of Coal and Energy Technol-
ogy by merging the current Divisions of Coal Technology 
and Fuel Technology. A.F. Reid, director of the institute 
says, 'The new division will draw together the chemical en-
gineering and fuel chemistry of the Division of Fuel Technol-
ogy and the materials, process and combustion expertise of 
the Division of Coal Technology, providing an enhanced and 
integrated strategic and tactical research capability in sup-
port of the coal and energy related industries? 

While the main thrusts of the work of the former divisions 
will be maintained, says Reid, the establishment of the new 
division will allow even greater efforts in support of key 
areas of energy related research, particularly mainstream 
coal preparation and use of coal in the electricity generation 
industry. 

The work of the new division will continue at both the 
CSIRO North Ryde and Lucas Heights laboratories, with the 
division head office located at North Ryde. 

IGCC REPOWERING CONSIDERED FOR SPANISH 
POWER PLANT 

The Spanish utility Hidroelectrica Espanola has carried out a 
study on converting an idle 50 megawatt thermal power plant 
to integrated gasification combined cycle (IGCC) operation. 
As reported to the Gen-Upgrade 90 conference held in 
Washington, D.C. in March, Unit II of the Lada power plant 
in Asturias, Spain was the focus of the study. 

The study covered the selection of coal gasification technol-
ogy, problems of gasifying coal from the area, selection of 
combustion turbines, heat recovery boilers, modification of 
the existing cycle and optimization of the combined cycle in a 
highly integrated process, and economic parameters on the 
conversion. 

The Lath thermal power plant is owned by Compania 
Electrica de Langreo and located in Asturias province. It 
has three units, of which two are operative: Unit IV of 
350 megawatts and Unit III of 150 megawatts. Unit II 
(50 megawatts) is currently out of commission after 25 years 
of operation (1957-1985).

The work was carried out as a research and development 
project financed by Hidroelectrica Espanola (Hidrola), Corn-
pania Electrica de Langreo, the Electric Utilities Research 
Program (PIE), and the European Economic Community 
(EEC), with the collaboration of Krupp Koppers and 
Empresarios Agrupados. 

Selection of Technology 

The coal gasification technology to be used at Lada was re-
quired to be a process developed by a company from an 
EEC country in order to quality for the financial support 
made available by the EEC in this area. After reviewing 
several processes meeting this requirement, the next step was 
to evaluate: 

Cost of equipment, and expected efficiency 

Adaptability of the process to the characteristics of 
the available coal 

This evaluation resulted in the selection of the Prenflo 
process developed by the German firm Krupp Koppers. 

Coal gasification occurs in an entrained flow type reactor at 
a pressure of 24 bar and high temperature (> 1,400°C). 

Selection of Combustion Turbine 

The efficiency of IGCC plants depends to a large extent on 
gas turbine combustion temperature: increasing tempera-
ture produces increased efficiency. 

In the combined cycle according to the highly integrated con-
cept, the compressors will supply the required air to the air 
separation unit, as well as the combustion air to the turbines. 
Lower net power is obtained in the generators, but net plant 
efficiency is about 2 percent higher than for a more basic con-
figuration. 

For the gas turbine selection, Empresarios Agrupados re-
quested bids from European suppliers with wide experience 
in this kind of equipment, among them KWU, Aisthom and 
Asea-BBC. 

This study selected a KWU type V.64.3, high combustion 
temperature, high compression ratio gas turbine that is cur-
rently being developed. The power rating at base load of 
this turbine is 60 megawatts.

- 
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Two of the V.643 KWU gas turbines are required in the 
Lada 11 IGCC project, although they are somewhat over-
sized for the service required of them. However, the gas tur-
bine load can be increased by injecting medium-pressure 
process steam. 

Adaptation of Existing Cycle 

It is planned to make a series of modifications to the existing 
cycle of Lada Unit II, in order to adapt it to the new con-
figuration of the highly integrated combined cycle. The main 
existing equipment units are: 

Combustion boiler, for 215 tons per hour of steam 
at 91 bar and 5100C. 

Steam turbine and cycle, rated at 50 megawatts. 
This turbine has five extraction points of which 
number four feeds a degasifier while the rest lead 
to four heaters.

pressures is less in the integrated unit because oxygen is 
produced at 73 bar and nitrogen at 6.5 bar, while in the non-
integrated unit oxygen and nitrogen are obtained practically 
at atmospheric pressure. 

The power required to compress the oxygen and nitrogen 
produced by the air separation unit can be supplied directly 
by auxiliary turbines running on low-pressure process steam. 

The technology of combined cycle/coal gasification provides 
obvious advantages over conventional plants in regard to en- 
vironmental pollution. Atmospheric emissions at Lath will 
be well below the limits recommended by law in EEC 
countries. 

The construction of the new Lath 111(3CC plant is expected 
to mark a very important step in the development of new 
1(3CC plant technology in Spain and therefore in Europe. 

fl## 
The main modifications to be made are to: 

- Replace the coal-fired boiler by a heat recovery 
steam generator (HRSG) 

- Remove the three highest-pressure extraction 
points in the steam turbine 

- Remove the three heaters in the highest-pressure 
cycle 

- Maintain the degasifier and the lowest-pressure 
heater 

Latin II Life Extension 

The new Lada II 1(3CC plant is expected to have a useful life 
of 20 years as a base plant, running 5,000 hours per year at 
an equivalent load of 100 percent. 

The cost of life extension has been estimated at 
14,500 pts/kilowatt. The capital investment would be 
$150 million. 

Plant Configuration 

The study considered two contrasting plant design concepts, 
basic and highly integrated, before choosing the highly in-
tegrated version. 

Basically, the improved efficiency of the highly integrated 
concept derives from a lowered electric power consumption 
by the air separation unit. Due to the higher feed pressure 
required (15 bar), the power required for air compression is 
higher in the highly integrated unit. Nevertheless, the power 
required for compressing oxygen and nitrogen to IGCC plant

BRITISH COAL STUDIES GASIFICATION/FBC 
TOPPING CYCLES 

British coal is developing a 'topping cycle" to improve pres-
surized fluid bed combustion by gasifying all or part of the 
coal and burning this hot gas to drive a turbine. 

The project began in late 1988 as a partnership between 
British Coal and Ahlstrom Corporation, the Finnish boiler 
maker. 

Earlier efforts by British Coal to develop a competitive fluid 
bed boiler for the Central Electricity Generating Board 
(CEGB) came to an end about two years ago, when a tripar-
tite study by the CEGB, British Coal and the Department of 
Energy concluded that conventional boilers scaled up to 
900 megawatts would be more economic and incur less tech-
nical risk. 

What remained, says British Coal, were hopes for the more 
advanced pressurized fluid bed (PFB) technology, which it 
was believed could prove competitive with boilers of up to 
400 megawatts. 

A joint study done with Bechtel, concluded that the privatiza-
tion of United Kingdom electricity supply could create a 
market for smaller units of between 350 and 400 megawatts. 
These could be built more quickly, with less financial risk, 
and they would yield quicker returns than the big units. 

There is a wide range of technology options available in prin-
ciple to owners and operators of small scale generating 
plants. Some, for example pulverized fuel firing with flue gas 
desulfurization (PF + FGD) and circulating fluidized bed 
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compressors. The remainder of the compressor air is used 
for turbine blade cooling and for feeding directly to the gas 
turbine combustor. 

combustion (CFBC), are currently commercially established. 
Others, including pressurized fluidized bed combustion 
(PFBC) and integrated gasification combined cycle (1(3CC), 
are beginning to be introduced commercially. 

In looking for ways to increase the efficiency of such units, 
British Coal proposed a combination of high-temperature 
PFB gasification technology, under development at its Stoke 
Orchard laboratories near Cheltenham, with the fluid bed 
stream-raising technology, which it is exploring at 
Grimethorpe in Yorkshire. 

The idea is to use a PFB to convert some of the coal to fuel 
gas and use it to drive a gas turbine efficiently, then feed its 
exhaust gas to a steam turbine. 

In particular, the topping cycle concept being developed by 
British Coal, in which coal is gasified to.a low calorific value 
gas to fuel a high inlet temperature gas turbine and the 
residual char is fired in a steam generator, is believed to be a 
particularly promising concept. 

Theoretically, the combination could yield a thermal ef-
ficiency as high as 44.8 percent for a 330 megawatt electricity 
supply. 

The power generation technologies considered in the British-
Coal/Bechtel study included PF+FGD, CFBC and two ver-
sions of the British Coal topping cycle. One version is based 
on a pressurized fluid bed combustor, and the other on an 
atmospheric circulating fluid bed combustor. 

Both British Coal topping cycles are based on air blown pres-
surized fluidized bed gasifiers which produce both fuel gas, 
which is fired in a gas turbine, and residual char which is 
burned in the fluidized bed combustor. 

The British Coal Casifler 

The British Coal gasifier utilizes a fast fluid bed of coal, char 
and sorbent, fluidized by a mixture of air and steam. The 
fluidizing gas is introduced through jets at the apexes of a set 
of cones which form the base. Fresh coal and sorbent are 
fed into the bed via lockhoppers. 

The process has been operated at up to 12 tonnes per day in 
an atmospheric pressure unit with a 1.6 meter diameter reac-
tor vessel at Stoke Orchard.

The gasifier, feed handling and hot gas cleaning systems are 
similar for the PFBC topping cycle. The clean fuel gas, at 
9800C, is advanced to the gas turbine combustor. The com-
bustion products are expanded through the turbine, genera-
ting power. A waste heat boiler is used to recover heat from 
the turbine exhaust gas. 

Char and fines from the gasification subsystem are fed to the 
CFBC, together with extra sorbent. No supplementary coal 
is required. Combustion "air, is split off from the gas tur-
bine exhaust gas and boosted in pressure as required. Heat 
from char combustion is extracted from the CFBC heat ex-
changer tubing and a waste heat boiler on the CFBC flue gas 
stream. 

Heat from the clean gas boiler and CFBC systems raises high 
pressure superheated steam from a reheat steam cycle, which 
generates power. Steam for the gasifiers is raised separately, 
using heat available from gas and char coolers. 

The projected efficiencies of the British Coal topping cycle 
plants are between 44 and 45 percent, representing an im-
provement of up to almost 8 percentage points over the 
reference PF+FGD plant (Table 1). The topping cycle op-
tion based on CFBC char combustion (Figure 1) shows a 
small advantage (0.5 percentage points) over the option with 
PFBC char combustion. However, at this stage it is not con-
sidered that this difference in efficiency is particularly sig-
nificant in terms of the choice of system for further develop-
ment.

TABLE 1 

PERFORMANCE ASSESSMENTS 

Technoloay	 Efficiency f7 
PF/FGD 37.1 
CFBC 37.8 
Topping Cycle (PFBC) 443 
Topping Cycle (CFBC) 44.8

British Coal CFBC Topping Cycle 

Figure 1 (next page) shows in outline a topping cycle con-
figured around an atmospheric pressure circulating fluidized 
bed combustor. 

In this cycle, part of the air from the compressor section of a 
gas turbine is extracted and fed to the gasifiers via booster

- 
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The main reasons for the high efficiency projected for the 
British Coal topping cycle are summarized below: 

- The overall carbon utilization is high because the 
char from the gasifier is fed to a combustor. 

The conditions in the gasifier enable sulfur to be 
retained by adding limestone. This allows the fuel 
gas to be cleaned hot with lower energy losses than 
are incurred with the cold scrubbing systems which 
are employed, for example, in most IGCC 
processes. 

The plant configuration allows the benefits of high 
inlet temperature (e.g., 1,2600C) gas turbines to be 
exploited without incurring high energy losses in 
the production of clean fuel gas.

A high efficiency steam cycle can be used because 
high temperature heat is available from the char 
combustor, to supplement the lower temperature 
heat available from cooling the gas turbine exhaust 
gas. 

Economic Evaluation 

Figure 2 shows the cost of electricity as a function of coal 
price for the different technologies. The ranking of the tech-
nologies is apparent with the topping cycle projected to have 
the most favorable production costs regardless of coal price. 

The potential benefits of the topping cycle have led to the 
formulation of a development program aimed at securing a 
commercial prototype plant by the mid-1990s. The program 
will involve laboratory and pilot plant work on pressurized 
fluidized bed gasification, char combustion, gas cleaning and 
gas utilization at British Coal's Coal Research Estab 
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FIGURE 2 
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lishment. This will be carried out in parallel with an experi-
ment at Cirimethorpe in which a PFBC topped with propane 
will be used to drive a gas turbine, thus demonstrating the 
topped PFBC as an intermediate technology concept and 
providing valuable information on gas turbine operation in a 
coal-based cycle. The turbine experiment will be followed by 
full pilot plant studies to provide the design basis for the 
proposed commercial prototype. 

Four partners were expected to contribute to the first phase 
of the development program: the British Department of 
Energy, the United States Electric Power Research Institute 
in California, Ahistrom (through its California subsidiary 
Pyropower), PowerGen and British Coal (with European 
Community backing). A Japanese engineering group is also 
expected to join. 

In April, however, Ahlstrom said it was withdrawing from 
the project for financial reasons. The Department of Energy 
has reaffirmed its backing, and British Coal is attempting to 
fmd a new partner to replace Ahlstrom. 

#110

COAL SLURRY LINES PLANNED IN CHINA 

The Chinese Ministry of Energy Resources is planning con-
struction of two coal slurry pipelines as a means of solving 
China's worsening coal transportation problems. 

According the the Beijing Coal Design and Research In-
stitute, the two proposed pipelines, one crossing Shaanxi 
Province and the other from Shanxi Province to Shandong 
Province, are now receiving pre-feasibility studies which will 
be submitted to the State Planning Commission. 

Shaanxi and Shanxi, the country's two leading coal 
producers, will yield 1.4 billion tons of coal by the year 2000. 
But the problem of moving all that coal to where it is needed 
remains. 

Coal is mined in many provinces of China, but the largest 
undeveloped reserves are in central China in general, and 
Shanxi and Shaanxi in particular, both far from the major 
coal consumers along eastern coastal regions. 

Since the 1980s new mines have been opened and old ones 
have been expanded. But the distance between central 
China and the eastern markets keeps coal supplies lagging 
behind demand. 

Anthracite, which is not in demand by chemical plants is 
being stockpiled and presents a growing inventory problem. 

According to an article in China fljfr, the present railroad 
through the two provinces has reached its transport capacity. 
Some coal is being moved by truck which is expensive be-
cause the trucks are small and the roads are bad. 

So officials are seeking other ways to ship coal. Building 
new railroads and coal pipelines have been studied. Right 
now it is the pipelines that draw the most interest. 

Since the pipelines can only be used for coal transport, they 
depend on the presence of huge coal reserves, abundant 
water and a large and long-term supply of consumers. 

China experts have upgraded the slurry so that it can be 
directly injected into a boiler for combustion. It is this new 
product that is expected to flow through the Shaanxi 
pipeline. 

The proposed 135 kilometer pipeline will start in Bingxian 
County. Rough country has been a major obstacle to build-
ing a railroad to join the Longhai Railway, China's major 
east-west line.
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The ministry says it will work with the Soviet Union on the 
construction. The Soviets have a great deal of experience in 
the transportation and combustion of coal slurry. 

According to the contract, the two countries will develop a 
pre-feasibility report in June. Construction will start in 1991 
and the first of the two 300,000-kilowatt generators is ex-
pected to be installed in 1994. The other, in 1995. 

The second pipeline being considered is much longer, 
602 kilometers. This pipeline would start in Shanxi's Yuxian 
County, traverse Hebei Province and end in Weifang in Shan-
dong Province. It will carry five million tons of coal per year 
from Yuxian County to Weifang, the most power-hungry 
region of the Shandong Peninsula. 

A ministry report said that together with neighboring 
Qingdao and Yantai, both major industrial and tourist cen-
ters of the province, over 18 million tons of coal were con-
sumed in 1988.

tilt 

lEA SEES INCREASED LIGNITE USE WORLDWIDE 

The International Energy Agency (lEA) has published a 
recent report, Power Generation from Lignite, which sum-
marizes experience around the world in using lignite. 

The principal use for lignite/brown coal is for minemouth 
power generation and in OECD (Organization for Economic 
Cooperation and Development) countries about 90 percent 
is used in this way. It can provide a low-cost fuel, but there 
are more technical problems and uncertainties in its use than 
with bituminous coals. These are particularly associated with 
variable ash content and chemistry, and its fouling or erosive 
characteristics. Historically, the fouling, slagging and erosive 
characteristics of the ash in various lignites have caused con-
siderable operational problems. As more experience has 
been gained, a better knowledge of ash chemistry and its ef-
fects is emerging, but the issues are complex and not yet fully 
understood. Because of the high moisture content, boiler ef-
ficiency for lignite-tired power stations is lower than for 
bituminous coal-fired units. 

World lignite use is over one billion metric tons per year. 
About 350 million tons of this is in OECD countries, and 
this figure is projected to rise to well over 500 million metric 
tons by the year 2000, (Table 1). 

Mature technologies for the design and operation of 500 to 
600 megawatt electrical power generation units have been 
developed in Australia, Canada, West Germany, East Ger-
many and the United States. In a number of other countries, 
individual units are more commonly in the 150 to

TABLE 1 

PRODUCTION FIGURES FOR 
LIGNITE/BROWN COAL 

AND PROJECTED GROWTH IN 
OECD COUNTRIES 

Projected 
Production in	 Output in 
in 2000. hLt 

Australia 40 62 
Austria 3 2.5 
Canada 29 42 
FRG 109 139 
Greece 41.5 78 
Spain 20.5 25 
Turkey 43 103 
USA 71 96 

Total 357 547.5

350 megawatt electrical range. Significant technical 
problems have been encountered during these develop-
ments, and difficulties still arise with new units. 

On an energy basis, lignite is generally a low-cost fuel source. 
For example, in the United States the minemouth cost is 
$0.75 to $1.25 per gigajoule, in Australia $0.50 to $0.75 per 
gigajoule and in West Germany around $1.50 per gigajoule. 
The variations reflect the seam thicknesses involved, the 
amount of overburden to be moved and the heating 
(calorific) value of the fuel. The cost of lignite should be 
stable in most countries over a considerable period, since it 
depends on well-established opencast mining techniques. 
Costs will gradually increase as deeper reserves are ex-
ploited. 

The use of lignite in power station boilers involves con-
siderable technical problems which inevitably have an 
economic impact. On balance, the use of lignite is economi-
cally attractive only near the main deposits. Minemouth use 
is necessary because the material is associated with high mois-
ture content (35-70 percent) and variable, and sometimes 
high ash content (commonly up to 20 percent and exception-
ally up to 50 percent). Consequently, its heating value is rela-
tively low, typically less than half that for bituminous coals. 
Many lignites with high moisture and/or ash contents have 
such a low heat content that special design is necessary in 
order to maintain combustion stability in a boiler. 
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Fixed bed gasifiers (Lurgi-type) are used at the Great Plains 
Gasification plant in North Dakota, which produces sub-
stitute natural gas (SNG) from North Dakota lignite. 

Design is considerably more difficult for lignite firing than 
for bituminous coal firing because of the unpredictability of 
the effect of some feedstock characteristics and of its in-
herent variability. 

Lignite-fired boilers are larger than their bituminous-fired 
counterparts (see Figure 1). This is a reflection of: 

- The high moisture content of lignites 
(35-70 percent) 

- The pulverizing and combustion characteristics 

- The ash properties 

The effect on boiler size of different sodium-in-ash contents 
can also be seen in Figure 1. This is because of the fouling 
characteristics associated with sodium and the necessary in-
crease in tube spacings and other size-related parameters. It 
should be noted that sodium is more active as a fouling 
agent in some lignites than in others. 

Lignite Gasification 

There are three main types of gasifier: 

- Fixed bed 
- Fluidized bed 
- Entrained flow

FIGURE 1 
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The principal gasification development work with 
lignite/brown coal for power generation is the high-
temperature Winkler (HTW) process developed by 
Rheinbraun in West Germany. Entrained flow gasifiers have 
been used in combined cycle power stations at demonstra-
tion scale, notably the Cool Water and the Dow Syngas 
plants in the United States. The work has, however, been 
principally with bituminous and subbituminous coals, al-
though test work at Dow has involved lignites. 

Dow has a particular interest in lignite as they own substan-
tial deposits in Texas and Louisiana. The gasification system 
consists of a two-stage reactor. The first stage is a slurry-fed, 
entrained flow partial oxidation reactor operated under slag-
ging conditions. The second stage is also an entrained flow 
reactor into which additional slurry is injected into the hot 
product gas from the first stage. There has been extensive 
pilot plant and development work, including some on lignite. 

Development work on the HTW process has been extensive 
and six different units have been built. Units 1 to S were 
built during the period 1978 to 1988 and a higher-pressure 
150 ton per day (25 bar) pilot plant (unit 6) started 

up 
in 

1989. Unit 1 is a one ton per day process development unit 
built in 1978. Unit 2 is a 260 ton per day gasifier at Union 
Kraftstoff used to produce syngas for methanol production. 
Unit 3 is a 34 ton per day pilot plant operated until 1985. A 
720 ton per day demonstration plant (unit 4) for syngas 
production started up in 1986 at Berrenrath, West Germany. 
The plant is designed to produce methanol but testing has 
shown that the specific load-following requirements of a 
power station can be met without problems by the HTW 
gasification unit. The 640 ton per day unit (unit 5) is used 
for syngas production for ammonia from peat but is also 
suitable for the production of a fuel gas. Planned units to 
operate in the 80 to 120 bar range are intended to develop 
the hydrogasification process (HKV) for the production of 
SNG. 

Australia Experience 

There is approximately 7,000 megawatts of electrical genera-
ting capacity in Victoria and South Australia and expansion 
is taking place, particularly at Lay Yang in Victoria. 

The Australian deposits vary considerably. The Latrobe Val-
ley brown coals are generally low in ash, but the ash may con-
tain serious fouling elements. The sulfur content is low. 
Moisture content is high. 60-75 percent, causing flame 
stability problems and making combustion at temperatures 
below the ash fusion point somewhat difficult. A supplemen-
tary fuel supply (briquettes or fuel oil) is used from time to 
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time to maintain the required combustion conditions when 
the feed quality is particularly poor. 

Experience in East Germany 

As the largest user of brown coal, East Germany has 
developed a relatively mature technology for power genera-
tion from this source. At present there is 18,000 megawatts 
of electrical capacity available. East Germany depends on 
brown coal for about 70 percent of its primary energy and 
has a well-developed industry based on briquetting and car-
bonization, part of which is integrated with power plants to 
make use of the low-grade heat available. 

Experience in West Germany 

Experience in West Germany is based on a feedstock which 
has a middle-range moisture content (in lignite terms) of 52 
to 58 percent. West Germany has been using brown coal for 
over a century and it has been used for power generation 
since the early 1900s. At present, there is over 
14,000 megawatts of electrical generating capacity. 
Electricity production from brown coal increased rapidly 
from 1950 to 1980.	 in 1953 the first mono-block
100 megawatt electrical unit was commissioned (i.e., a unit 
with a single boiler and turbine generator). The first 
300 megawatt unit was started in 1966 and the first 
600 megawatt electrical mono-block unit was operated in 
1974. 

Experience In Greece 

Greece has over 4,500 megawatts of electrical (lignite-fired) 
generating capacity, and expansion is taking place. In 
Greece, erosion problems have been encountered in the com-
bustion of lignite. Availability is about 6,500 hours annually 
at Ptolemais and around 5,000 hours at Megalopolis. 

Thailand Experience 

Lignite has been used in Thailand for over 25 years. There is 
more than 900 megawatts of electrical generating capacity. 

An interesting development in Thailand is the use of a com-
prehensive pattern of on-line monitoring of ash and moisture 
content in order to provide a stockpile management system 
and blending control. 

United States Experience 

In the United States, there are two main lignite types, 
broadly associated with the North Dakota (Fort Union) 
deposits and those in the Gulf Coast (and particularly in 
Texas). in the Dakotas there is over 4,500 megawatts of 
electrical generating capacity, in Texas over 9,000 megawatts 
electrical and another 1,000 megawatts electrical in 
Louisiana, Minnesota and Montana. In all cases, the mois-

ture content is low (at below 40 percent), as is the ash con-
tent (typically 5-8 percent in the Dakotas and 20-25 percent 
in Texas). However, the ash can have serious fouling charac-
teristics. Power station boilers have suffered from outages 
due to fouling but with conservative design and the extensive 
use of soot blowers, the problems have been largely con-
tained in more recent designs. 

Major stations of 500 megawatts electrical which have come 
into use in the United States during the last five years have 
experienced only minor teething problems. Unplanned 
outages due to fouling have been virtually eliminated by 
mine planning to avoid high sodium contents and by the 
regular use of soot blowers. Plant availabilities of 
80-90 percent have been achieved using North Dakota lig-
nites. 

Experience in Other Countries 

In other countries where lignite is used extensively, the 
development of the technology is generally less advanced. 
Smaller boilers are used, and many units over the years have 
experienced problems. Some high ash deposits cause par-
ticular problems such as those in Spain, Turkey, and Bul-
garia. There is a move in Turkey to restrict the use of lignite 
because of its low heating value and high ash and sulfur con-
tent. in 1987, 35 percent of Turkey's total energy require-
ment came from lignite and 11 percent from hard coal. 

###0 

JAPANESE DEVELOPMENT PROGRAM TARGETS ALL 
ASPECFS OF AIR-BLOWN IGCC 

The status of the Japanese research and development 
program for 10CC power generation was outlined by 
M. Furuichi of the Ministry of international Trade and In-
dustry at the Gen-Upgrade 90 conference in 
Washington, D.C. in March. 

To meet the need for Japanese utility companies to increase 
the use of coal in generating electricity, to attain higher ef-
ficiency than that possible with conventional coal-fired 
power plants, and to reduce environmental impact, the 
Japanese government is developing integrated Coal Gasifica-
tion Combined Cycle (IGCC) power generation technologies 
with the target of commercialization at the beginning of the 
21st century. According to Furuichi, both the Japanese 
government and private utility companies have conducted 
many investigations which have concluded that dry-feed air. 
blown gasifiers, hot/dry gas cleanup systems, and high tem-
perature gas turbines are important technologies for creating 
optimum iGCC systems. 
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Fluidized Bed Gasifier 

Between 1974 and 1987, the Japan Coal Mining Research 
Center promoted research and development of a 40 ton per 
day fluidized bed gasifier at Yuubari City, Hokkaido. This 
fluidized bed gasifier is a two-stage pressurized fluidized bed 
type. Pulverized coal is pneumatically fed into the upper 
level gasifier from the lockhopper. It is then carbonized and 
gasified by the hot gas rising from the lower level. Fine char 
that is contained in the crude gas is separated in a cyclone, 
returning to the lower level gasifier together with the over-
flow char from the upper level gasifier. In the lower level 
gasifier, char combustion takes place with air and steam, and 
hot gas is produced which rises to the upper level. 

Research on this gasifier was terminated in 1987, and the 
basic engineering design documents were drawn up for a 
1,000 ton per day large-scale demonstration gasifier. 

Entrained Flow Gasifiers 

The entrained flow gasifier is suitable for lower ash fusion 
temperature coal, while the fluidized bed gasifier is for 
higher ash fusion temperature coal. 

Generally, Japanese utility companies have selected the 
higher ash fusion temperature coals for coal-fired boilers. 
However, in the future, use of low ash fusion coal is likely to 
grow as use of imported coal increases, says Furuichi. To 
use this kind of coal for IGCC, research on entrained flow 
gasifiers has been carried out. 

Based on these results, a pilot scale 200 ton per day 
entrained flow gasifier, with hot/dry gas cleanup and high 
temperature gas turbine test facilities is under construction 
at Nakoso in Iwaki-City. 

This gasifier is of the air-blown dry-feed two-stage pres-
surized entrained flow type and is being developed by 
CRIEPI (the Central Research Institute of Electric Power 
Industry). Preliminary testing was carried out at an ex-
perimental facility with a capacity of two tons per day at 
Yokosuka, Kanagawa. The gasifier has two parts: the reduc-
tor section (upper pan), and combustor section (lower part). 
Pulverized coal is fed pneumatically into both sections 
through burners. Gasification reactions take place mainly in 
the reductor with hot gas rising from the combustor. The 
char contained in crude gas is separated in a cyclone and fed 
into the combustor. Recycled char and additional coal are 
then burned out in the combustor. The ash contained in the 
char and coal fuse at high temperature, and become very 
small and safe to dispose of. 

It is generally said that raising the gasifying temperature is 
inefficient because it increases the quantity of air needed as 
a gasification agent, and gasification performance is reduced. 
In this gasifier, the separate combustor stage makes it easy to

raise the temperature enough to fuse the ash and improve 
the gasification performance. The gasifier consists of a 
water-cooled refractory wall and is located in a pressurized 
vessel. 

Hot/Dry Gas Cleanup Systems 

In 1974, research on hot/dry gas cleanup systems started as 
part of the fluidized bed IGCC program. A pilot plant for 
this cleanup system was installed at the Yuubari pilot plant, 
and operated from 1984 to 1987. Such a system is also being 
installed at the 200 ton per day plant. 

The hot/dry desulfurizer is a circulating fluidized bed unit 
that uses iron oxide as the desulfurization agent. 

A granular bed type system is employed as hot/dry dust 
removal equipment in this program. The granular bed 
deduster consists of layers of silica sand, falling from top to 
bottom between louvers and nets. Dust is filtered out of the 
coal gas as it passes through the silica sand layers. 

High Temperature Gas Turbines 

To attain the desired net thermal efficiency of 43 percent, a 
good performance gas turbine (1,300°C inlet temperature) is 
necessary in addition to an air-blown dry feed gasifier and a 
hot/dry gas cleanup system. For a 1,300°C practical gas tur-
bine, an aircraft gas turbine (jet engine) and an advanced 
reheat gas turbine (AGTJ-100A; which was developed in 
Japan's Moonlight Project) have been nominated. However, 
these turbines can not be applied directly to 1(3CC because 
of differences in fuel conditions and design concepts. The 
gas turbine for IGCC must burn lean with relatively dirty 
fuel and must allow the extraction of a large amount of air 
for gasification agent. Thus a new high temperature gas tur-
bine program is necessary for 16CC. 

Status and Future Plans 

The entrained flow 200 ton per day gasifier is scheduled to 
begin operation late in 1990. The Engineering Research As-
sociation for Integrated Coal Gasification Combined Cycle 
Power System has been entrusted to carry out the research 
and development. About 10 percent of the total budget will 
be shared by the member companies of the association. 

Furuichi says 16CC could be the main source of coal-based 
power generation in the 21st century. If development of an 
air-blown gasifier, hot/dry gas cleanup systems, and a high 
temperature gas turbine are all worked out at the pilot plant, 
then a demonstration plant might be planned for ensuring 
the performance, reliability, durability, and operability of the 
system. The demonstration plant would have a capacity of 
2,000 tons per day and 250 megawatts of output. 
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ENVIRONMENT 

NCA COMMENDS BUSH ADMINISTRATION FOR 
GLOBAL CLIMATE CHANGE LEADERSHIP 

The National Coal Association (NCA) has commended the 
Bush administration's policies on global climate change. 

'he President has wisely focused on not only the gaps in our 
understanding of the science of global climate change, but 
also on the economics of policies designed to abate 
warming,' said NCA president R.L. Lawson. 

"His leadership actions calling for a $1 billion climate 
research program in fiscal 1991, equal to more than half of 
the rest of the world's funding; a reforestation program to 
plant 1 billion trees; and aggressively promoting fossil energy 
technologies, energy conservation, efficiency and alternative 
energy is a prudent, balanced and reasonable policy," Law-
son stressed. 

Lawson's comments were in response to President Bush's 
address to the Plenary Session of the White House Con-
ference on Global Change, a group of international 
delegates seeking a better understanding of global climate 
change. 

The coal industry recognizes the threat of global climate 
change is a serious issue, but is confident that technology can 
achieve the required environmental objectives without con-
straining economic growth. 

"It is critical that global climate change policy formulation 
integrate both a better understanding of the science of global 
warming as well as the economic implications to all 
Americans of possible response strategies. Through the use 
of appropriate technologies we can protect our environment 
while maintaining our economic competitiveness. The 
President's response incorporates these key ingredients," 
Lawson added. 

ENVIRONMENTAL BENEFITS OF UCG COMBINED 
CYCLE SYSTEM NOTED 

According to J. Patigny of Universite Catholique de Louvain, 
Belgium, a significant reduction of the emission of pollutants 
to the atmosphere is a prime requirement of the energy 
policy promoted by the European Communities. Speaking at 
the UCG symposium, he said it is clear that underground 
coal gasification (UCU) will receive the support of the Com-
mission of the European Communities (CEC) only if it 
satisfies this requirement.

The problem of the impact of UCG on atmospheric pollu-
tion can be formulated as follows: for the same quantity of 
energy made available, will the atmosphere be less or more 
contaminated if the coal resource is first transformed into a 
synthetic combustible gas or liquid, instead of being directly 
burned? 

In order to answer this question, Patigny considers the 
production of electricity as shown in Figure 1. The reference 
used is a conventional power plant (lower part of the figure), 
for which all the data concerning the emission of pollutants 
are available. The proposed alternative scheme (upper part 
of the figure) is the integrated UCG combined cycle plant, as 
described in the April 1989 report of the European Working 
Group of the CEC. It includes a cleaning unit allowing the 
removal of 100 percent of the H 2 S and 98 percent of the 
CO2 present in the produced gas. 

Emissions of 

Coal combustion is the most important man-made sulfur 
emission to the atmosphere. 

Efforts have been made in recent years to lower this emis-
sion by flue gas desulfurization (FGD), but this is an expen-
sive way to solve the problem. 

The use of synthetic fuels made from gasified coal offers a 
much better solution, says Patigny. This is because the raw 
coal gas contains the sulfur in the form of 1325, which can be 
eliminated efficiently and economically by well proven tech-
nologies. In the case where the coal gas is used to feed a gas 
turbine, efficient cleaning is necessary to protect the blades 
against damage by corrosion and erosion; this technical re-
quirement gives a good guarantee of protection of the en-
vironment. 

Emissions of SO2 were compared, first by burning a coal 
with 1.25 percent sulfur in a conventional power plant 
without FGD, then by gasification followed by gas cleaning 
and use of the clean gas in a combined cycle power plant. 
Assuming that 20 percent of the original sulfur is trapped in 
the ash, the quantity of SO2 present in the flue gas of the 
classical plant will be 730 grams of SO2 per gigajoule. 

If the coal is gasified, the H 2S content of the combustible gas 
must be lowered to avoid premature deterioration of the tur-
bine hot parts; this limit corresponds to 250 grams of 
SO2 per gigajoule. However, well developed cleaning 
methods allow an almost complete elimination of IT,S; the 
residual concentration in the combustible gas will be less 
than 1.8 grams per gigajoule. 

The investment necessary to achieve this degree of purifica-
tion amounts to about 10 percent of the total surface invest-
ment for electricity generation through combined gas and 
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FIGURE 1 

CONVENTIONAL COMBINED CYCLE 
COMPARED TO INTEGRATED UCG SYSTEM 
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steam cycles. Although not negligible, this value is only 
about one-third of the investment necessary for FGD in a 
conventional plant of the same net power. 

Emissions of NO x 

Nitrogen oxides are formed in the hot parts of the flame, in 
quantities which depend largely on the design of the combus-
tor, more specifically on the temperature and oxygen distribu-
tion inside the flame, the residence time of the combustible 
particles in the hot region, the N 2 content of the fuel, etc 

From various studies, Patigny concludes that NO emissions 
can be reduced by a factor of 2 using clean to41 gas, free 
from NH, and again by a factor of 2 using gas turbines with 
'low NO combustors. x 

Emissions of Solid Particles 

Fossil fuel power plants have been important emitters of 
solid particles into the atmosphere. This emission is now 
severely limited; 50 milligrams per cubic meter according to 
EEC (European Economic Community) rules for new 
plants. 

When using gas turbines, or combined cycles with gas and 
steam turbines, the emission is always limited by the required 
cleanliness of the fuel gas in order to protect the blades 
against corrosion and erosion. A gas turbine requires no 
more than 25 milligrams per cubic meter in the fuel gas, 
which would correspond to only a few milligrams fly ash 
emitted per cubic meter of flue gas. 

Emissions of CO  

It is well known that there are major differences in CO  
emitted when different coal conversion processes are com-
pared on the complete fuel cycle basis, i.e., from extraction 
to end use. Synthetic fuels generally release about 
50 percent more CO  in a complete fuel cycle than standard 
coal-fired generation, and would appear to be the worst 
choice. 

However, when UCG with combined cycle power generation 
is examined, it is found that this process offers a potential of 
substantially reduced CO  emission, which does not exist in 
conventional power plants. 

Table 1 gives some numerical information about the quantity 
of CO2 emitted per unit of energy for several processes con-
suming fossil or fossil-derived fuels; some biogenic fuels are 
added for comparison purposes. 

The table illustrates the beneficial influence of a high 
hydrogen to carbon ratio; from that point of view the best 
fuel is coke oven gas, but it would be uneconomic to use the 
gas and not the coke!

TABLE 1 

QUANTITY OFCO PRODUCED
PER UNIT OF4NERGY

MADE AVAILABLE AS HEAT
(E = Conversion Efficiency
From Heat To Electricity) 

EY!i 

Natural Gas 28.5 0.41 
0.46 

Light Fuel Oil 37.0 0.40 
Heavy Fuel Oil 41.4 0.39 
Anthracitic Coal 51.4 0.37 
Subbituminous Coal 52.1 037 
Fuel Wood (Dry) 57.6 0.24 
Biogas 50.8 0.30 
Gas Made From Coal 

Coke-Oven Gas 22.4 0.30 
Air-Gas 66.1 0.30 
Lurgi Syngas (30 bar) 463 0.40 
UCG Gas (65 bar) 62.9 0.40

id, After CO2 Separation	 31.0	 0.40 

Fuels with low heating value are generally high CO2 emit-
ters; see for example the cases of fuel wood, and coal gas 
made by air gasification. 

Finally, gases with a high CO content are also in a bad posi-
tion; this is true for biogas ani UCG gas. 

Considering in more detail the case of UCG, it is found that 
the quoted value for the number of cubic meters of CO 2 per 
gigajoule is only 20 percent higher than for the correspond-
ing coal, and the situation is still better when we refer to the 
number of cubic meters per megawatt hour of electricity, the 
increase being less than 12 percent due to the excellent per-
formance of the combined cycle. 

The criticism expressed above against coal gasification as a 
source of synfuels was thus exaggerated. Moreover, in the 
case of UCG, the product gas is under high pressure and the 
CO2 formed during gasification can be easily and almost 
completely separated by physical or chemical processes. If 
one can dispose of this CO  in such a way that it never 
reaches the atmosphere, then the emission of CO  per unit 
of electrical energy produced will be reduced to a level ap-
proaching that of natural gas. 
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This potential for reduced CO  emission does not exist in 
conventional power plants where the CO  produced is dis-
charged in the flue gas, highly diluted and at atmospheric 
pressure; CO  separation is therefore uneconomic. 

It is easy to prove that the separation of CO  from the gas 
produced by UCO under high pressure is much less expen-
sive. The main reason is a thermodynamic one; the major 
part of the CO2 can be recovered directly as a liquid by 
simple gas cooling, a process that is a part of the H 

2 S separa-
tion process. 

The energy requirement for complete elimination of CO2 
from the product gas amounts to 3.16 percent of the net 
power and the corresponding increase in the cost of one 
kilowatt is 5 to 10 percent. This calculation is rough but con-
firms the idea that the CO  emission can be reduced substan-
tially at reasonable cost using UCO plus combined 
gas/steam cycles. 

However, there remains one condition to be fulfilled; the 
separated CO, may not be dispersed into the atmosphere. 
But what to ao with it? Some of course can be used as 
chemical feedstock. More can be used by the oil industry for 
injection into depleted oil fields, but the biggest reservoir for 
CO2 is the ocean. It can easily absorb the CO 2 produced by 
burning all fossil fuel reserves on the planet. One possible 
solution is to pipe the liquid CO 2 to below 3,000 meters, 
where its density is higher than that of the water. It will thus 
sink to the ocean floor and will not interfere with other 
ecosystems for centuries. The technical feasibility of this 
method remains to be demonstrated. 

Overall Considerations 

Table 2 brings together the conclusions of the previous 
analysis. One sees that, from the environmental point of 
view, the use of UCG together with a combined cycle power 
plant brings an overall improvement.

TABLE 2 

COMPARISON OF THE EMISSIONS 
FROM CONVENTIONAL COAL POWER 

PLANTS AND FROM UCC 
COMBINED CYCLE 

Emission	 Conventional UCG i- CC 

SO 
(gAB fuel)	 730	 2
NO 
(g/6i fuel)	 320	 80 
Dust 
(mg/m3 flue gas)	 200	 2
CO2 (m3 /kWh) 
-no separation 
from fuel gas	 500	 570 

-separation and 
re-usc of CO  
from fuel gas	 500	 280 

Only the CO  emission can be somewhat greater with UCC 
than with conventional coal burning plants, if the CO  
separated from the fuel gas cannot be reused properly. 

For a combined cycle power plant using carefully cleaned 
UCG gas, Patigny estimates that the*economic bonus" at-
tributed to the UCG plus combined cycle system can be 
roughly estimated as 0.025 ECU/kilowatt. 

#fl# 
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RECENT COAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Gen-Upgrade 90 International Symposium, held in Washington, D.C., March 6-9: 

Bradshaw, D., "Benefits of Repowering Aging Coal-Fired Power Plants with Advanced Power Generation Technologies." 

Miller, L., "Status of Repowering Projects for the U.S. Clean Coal Technology Program." 

Pantoja, A., et al., "Coal Gasification Repowering of Spain's Lada Thermal Power Plant." 

Bayens, C., "Repowering with the Shell Coal Gasification Process." 

Toyoda, T., et al., 'Test Results from a Two Ton Per Day Pressurized Two-Stage Entrained-Bed Coal Gasifier." 

Stone, K., et al., "Improving PC-Plant Performance Through Partial Repowering with Integrated Coal Gasification Combined 
Cycle." 

Furuichi, M., "Status of Japanese R&D for IGCC Power Generation." 

Hauser, U., et al., "Combined Cycle Alternatives for Upgrading and Repowering." 

The following papers were presented at the American Chemical Society, Division of Fuel Chemistry meeting in Boston, Mas-
sachusetts, April 22-27: 

Snape, C.E., et al., "Influence of Coal Rank on Oil Yield in Low-Severity Hydropyrolysis With and Without a Dispersed 
Catalyst." 

Miller, R.L., et al., "Addition of Basic Nitrogen Promoters to Enhance Low Severity Two-Stage Coal Liquefaction and Coal/Oil 
Coprocessing." 

Konig, M., et al., "Investigations of the Heating Up Period of Hydroliquefaction." 

Smith, i.E., et al., "Low Severity Coal Liquefaction Using Intermetallic Hydrides as Both Catalyst and Hydrogen Distribution 
Agents." 

Burgess, C.E., et al., "Improved Oil Yields from Subbituminous Coal with Novel Hydrogen Donor-Containing Catalysts." 

Ross, D.S., et al., The Effects of Hydrothermal Pretreatment on the Liquefaction of Coal." 

Chatterjee, K., et al., "Coal Solubilization Through C-Alkylation." 

Derbyshire, F., et al., "Low-Temperature Catalytic Coal Hydrogenation: Pretreatment for Liquefaction." 

Serio, MA., et al., "Studies of Coal Pretreatment in Direct Liquefaction." 

Baldwin, R.M., et al., "Effect of Pre-Treatment Techniques on Low Severity Coal Liquefaction and Co-Processing." 

flytzani-Stephanopoulos, M., et al., "Hot Gas Desulfurization by Zinc Oxide-Titanium Dioxide Regenerable Sorbents." 

Dasai, M., et al., "Copper Based Sorbent for Hot Gas Cleanup." 

Laurion, TA., et al., "SEM Microanalysis Techniques in Demonstration of Sulfur Capture by Slag and Sorbents During 
Gasification of Coal in a Texaco Gasifier."
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Atimtay, AT., et al., "A Novel Supported Sorbent for Hot Gas Desulfurization." 

Brooks, C.S., "Syngas Desulfurization Over Metal Zeolites." 

Ayala, RE., et al., "Enhanced Durability of High-Temperature Desullurization Sorbents for Moving-Bed Applications." 

Mix, R.M., ci al., "Reactive Absorption of H 2S by a Solution of SO2 in Polyglycol Ether." 

Douglas, RA., "Hydrogen Sulfide Oxidation by Naphthoquinone Complexes—The Hiperion Process." 

Khan, MR., et al., "Influence of Coal Type and Devolatilization Conditions on Sulfur Evolution During Pyrolysis." 

Gangwal, S.K., et al., "Desulfurization of Hot Coal-Gas in a High-Pressure Fluid-Bed Reactor." 

Wakker, J.P., ci al., "High Temperature H2S Removal From Process Gases in a Steam Regenerative Process Using MnO or 
FeO on g-Alumina Acceptors." 

Wakker, J.P., et al., "Coal Gasification: High Temperature H 2S Removal in a Steam Regenerative Process Under Realistic 
Conditions." 

Robin, A.M., et al., "Integration and Testing of Hot Desulfurization and the Texaco Coal Gasification Process for Power 
Generation." 

Abbasian, J., et al.,	 Removal From Fuel Gas During Coal Gasification." 

Dorchak, T.P., ci al., "Direct Sulfur Recovery Process for Elemental Sulfur Recovery From Gases." 

Buchanan, A.C., Ill, et al., "Pyrolysis of Surface-Immobilized Model Compounds. Mechanistic Implications for the Thermal 
Chemistry of Coal." 

Schroeder, K.T., et al., "Reactive Intermediates in Coal Liquefaction." 

Bockrath, B.C., et al., "Physical Organic Chemistry of Coal Liquefaction." 

Larsen, J., "Reservations Concerning the Use of 'Model Compounds' for Coals." 

Autrey, T., ci al., "A Search for the Radical Hydrogen Transfer Pathway in Coal Hydroliquefaction." 

Chawla, B., et al., "Thermolytic Cleavage of Selected Ether Linkages at Mild Temperatures." 

Smith, C.M., et al., "Pyrolysis of.Polycyclic, a,o-Diarylpropanes: Pathways, Kinetics and Mechanisms." 

Farcasiu, M., et al., "Modeling Coal Liquefaction: Decomposition of 4- (1-Naphthylmethyl) Bibenzyl Catalyzed by Carbon 
Black." 

Sharma, R.K., et al., "Hydrocracking with New Solid Add Catalysts: Model Compound Studies." 

Winans, RE., et al., "Use of Model Compounds in Coal Structure and Reactivity Studies." 

McMillen, D.F., et al., "Synthesis and Conversion Studies of Polymeric Models for Low-Rank Coals." 

Olson, ES., et at., "I{ydroquinone Copolymers: Models for Retrograde Reactions in Liquefaction Processing." 

Tsao, C.C., ci al., "Reactions of Model Compounds with Supercritical Water." 

LaMarca, C., et al., "Chain Transfer During Coal Liquefactions: A Model System Analysis." 
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Olson, ES., et al., "Hydrocracking with New Solid Acid Catalysts: Low Severity Liquefaction Products From Low Rank Coal." 

Krastman, D., et al., "Dispersed Phase Molybdenum Catalyst Recovery in Coprocessing." 

Bedell, MW., et al., "Cyclic Olefins as New Hydrogen Donor Compounds for Coal Liquefaction." 

Smith, M.W., et al., "Laser Pyrolysis of an Entrained Stream of Coal Particles." 

Bjorkman, A., et al., "Characterization of Coal by Pyrolysis." 

Solomon, P.R., et al., "Advances in the FG-DVC Model of Coal Devolatilization." 

Bae, 1., et al., "Mineral Matter Effects in Coal Pyrolysis." 

Freund, H., et al., "Anomalous Side Chain Cleavage in Alkylaromatic Pyrolysis." 

Matzakos, A., et al., "Pyrolysis of Plastic Coals: Pore Structure Development and Char Reactivity." 

Buchanan, D. H., et al., "Perchloroethylene Extraction of Sulfur and Sulfur Compounds From Coal." 

Vorres, KS., "Sulfur Species in Perchloroethylene and Other Coal Extracts." 

Timpe, R.C., et al., "Anion Effects on Calcium Catalysis of Low-Rank Coal Char-Steam Gasification." 

The following papers were presented at the Alternate Energy '90 Symposium held April 17-19 in Cannel, California: 

Siegart, R. "Commercial Applications of the Texaco Gasifier." 

Jensen, R., "Shell Gasification Update." 

Jenkins, S.C., "Status of the Dow Syngas Plant: Three Years Experience at the World's Largest Single Train Coal Gasification 
Plant." 

Littlefield, R.G., "Large Capacity Coal Slurry Pump Technology." 

Gray, M.D., "British Coal's Gasoline & Diesel From Coal Project." 

Fourie, J., "Advanced Synthol Synfuels Process Commercialized." 

The following articles appeared in Ener gy A Fuels for March/April 1990: 

Poutsma, M.L., "Free-Radical Thermolysis and Hydrogenolysis of Model Hydrocarbons Relevant to Processing of Coal." 

Smith, BE., et al., "Novel NMR Analysis of Aqueous Screams from a Coal Liquefaction Process." 

Malhotra, R., et al.. "A Mechanistic Numerical Model for Coal Liquefaction Involving Hydrogenolysis of Strong Bonds. 
Rationalization of Interactive Effects of Solvent Aromaticity and Hydrogen Pressure." 

Davis, B.H., et al., "Exchange of Sulfur in Nickel-Molybdenum-Alumina Catalyst During Operation at High-Pressure 
Conditions." 

Kabe, T., et al., "Tritium as a Tracer in Coal Liquefaction. 3. Reactions of Morwell Brown Coal with Tritiated Hydrogen 
Molecules." 

Curtis, C.W., et al., "Reaction Pathways of Model Coprocessing Systems Using Molybdenum Naphthenate and Excess Sulfur." 

Curtis, C.W., et al., "Interactive Chemistry of Coal-Oil Reactions Using Mode! Systems." 
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Larsen, J.W., et al., "Homogeneous Ionic Hydrogenation Using H20-BF3 and Catalytically Activated H2." 

The following article appeared in International Chemical En2ineerin g for April 1990: 

Yu, D., et al., "Extraction of Diesel Oil From Middle Distillate in Coal Liquefaction by Hydrotreating and Hydrocracking." 

COAL - PATENTS 

"Process for the Oxidation of Fine Coal," Izak J. Cronje - Inventor, National Energy Council, ZA, United States Patent 
Number 4,912,256, March 27, 1990. This invention relates to the production of a solid oxidized coal containing humic acids. Coal 
with a mean particle size of less than 3 millimeters is slurried with water and then oxidized with oxygen or mixtures of oxygen and 
air at temperatures ranging from 1000 to 3000C, at partial oxygen pressures ranging from 0.1 to 10 MPa and reaction periods rang-
ing from 5 to 600 minutes. In the absence of catalysts, e.g., alkaline bases, the main product of oxidation is humic acids. These 
humic acids are not dissolved because the pH of this slurry is in the range 4 to 9. Small amount of fulvic acids are formed and these 
are soluble in the water of the slurry. The coal-derived humic adds may for example find application as soil conditioners, organic 
fertilizers, briquette and pellet binders, drilling fluid dispersants and viscosity control agents, while the coal-derived fulvic adds may 
be utilized for the production of fuel extenders, plasticizers and petrochemicals. 

"Method for Hydrogenation of Coal Tar Pitch," Hideki Hashimoto, Tadashi Komoto, Munekazu Nakamura, Hiroshi Okazaki, 
Osamu Togari, Noriyuki Yoneda, Haruhiko Yoshida - Inventors, Chiyoda Chemical Engineering and Construction Company Ltd., 
Nippon Steel Chemical Company, Ltd., Japan, United States Patent Number 4,909,923, March 20, 1990. A method for the 
hydrogenation of coal tar pitch which comprises subjecting said coal tar pitch containing toluene insolubles to slight hydrogenation 
in the presence of a hydrogenation catalyst having carried on a refractory inorganic oxide carrier at least one member selected from 
the class consisting of elemental metals, belonging to Groups VI B and VIII in the Periodic Table and oxides and sulfides thereof, 
under the conditions of 2800 to 4000C of reaction temperature, 20 to 200 kilograms per square centimeter of hydrogen pressure, 0.1 
to 10 hour-i of LHSV, and 500 to 2,000 NI/liter of hydrogen to liquid ratio, and a catalyst therefor. The "slight" hydrogenation is 
hydrogenation to the degree such that the difference of hydrogen to carbon atomic ratio between the untreated coal tar pitch and 
the hydrogenated coal tar pitch falls in the range of 0.03 to 0.5. The coal tar pitch can be coal tar pitch itself, coal tar pitch 
pretreated for the removal of organic sodium compounds, or pretreated for the removal of quinoline insolubles and, preferably, the 
coal tar pitch has a density in the range of 1.13 to 1.17 grams per square centimeter at 400C. 

"High Pressure Gasifier and Diesel Cycle Internal Combustion Engine System," John M. Bailey, Abraham L. Zadoks - Inventors, 
Caterpillar Inc., United States Patent Number 4,907,565, March 13, 1990. An improved gasifier and engine system which includes 
an air compressor, a fixed-bed gasifier, a gas cleansing device and a diesel-cycle internal combustion engine. Ambient air is com-
pressed by the compressor to a predetermined first pressure and is directed to a chamber of the gasifier which contains a batch 
loaded charge of coal and/or other expendable conditioning materials such as water, limestone and sand. The gasifier partially 
burns the charge and produces high pressure and temperature fuel gas which is cleaned up prior to exiting the gasifier chamber. 
The cleaned hot fuel gas is directed to the engine where an injection device injects the fuel gas into a combustion chamber of the 
engine during a later portion of a compression phase of the diesel cycle. The injected fuel gas is ignited in the engine combustion 
chamber by a glow plug or other ignition-assist device. The remains of the burned charge in the gasifier chamber are removed, 
along with the contaminated or reacted conditioning materials, and replaced by a fresh charge. The subject invention provides a 
feasible way of continuously fueling an internal combustion engine with gasified fossil fuel and is compact enough to be practical for 
even mobile applications. 

"Rehydrating Inhibitors for Preparation of High-Solids Concentration Low Rank Coal Slurries," Ralph Garcia, Mild S. Najjar, 
James R. Pascoe - Inventors, Texaco Inc., United States Patent Number 4,904,277, February 27, 1990. A method for preparing a 
high-solids concentration low rank coal slurry by dehydrating the coal, treating the dehydrated coal with a rehydrating inhibitor such 
as a (C3-C12) alcohol and adding a surfactant to the treated coal, whereby the concentration of the solids is increased from about 5 
to about 20 weight percent. 

"Pulverized Coal flow Controller," Raymond K. Kim, John B. Kiuo - Inventors, United States Patent Number 4,903,901, February 
27, 1990. An apparatus and method for supplying a controlled flow of fluid transported solid particles, in particular, pulverized coal 
by the controlled injection of a fluid, such as a gas like compressed air, into at least one feed pipe. The flow of coal in feed pipes is 
controlled by selectively reducing or increasing the flow of primary air to achieve a balanced burner operation. 
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"Process Utilizing Pyrolyzation and Gasification for the Synergistic Co-Processing of a Combined Feedstock of Coal and Heavy Oil 
to Produce a Synthetic Crude Oil," Reginald D. Richardson - Inventor, United States Patent Number 4,900,429, February 13, 1990. 
An energy integrated process for the production of a synthetic crude oil product from heavier oils and coal in which coal is 
pyrolyzed and a combined feedstock of cog coal volatiles and a heavy oil product is co-processed to produce a synergistic yield of 
light crude oil compatible with the refining capabilities of existing conventional refineries. 

"Process for Inhibition of Flyslag Deposits," Chih-hsiung F. Liu, Charles V. Sternllng - Inventors, Shell Oil Company, United States 
Patent Number 4,897,090, January 30, 1990. Fouling or plugging of surfaces in the heat exchange zone following a coal gasification 
reaction zone caused by deposition of flyslag is inhibited by addition of an amount of graphite to the synthesis gas at a suitable locus 
or loci. 

"Process for Controlling the Power Output of a Combination Coal-Fired Unit with Integrated Coal Gasification and a Coal Power 
Station Operating According to the Process," Klaus Knizia, United States Patent Number 4,896,498, January 30, 1990. A coal 
power station operated using the combined gas turbine/steam turbine process, comprising a gas turbine plant and a steam turbine 
plant with a steam generator, a furnace and a steam turbine and for which coal is partly gasified in a coal gasification installation, 
the fuel gas produced is supplied to the gas turbine and the residual coke to the furnace of the steam generator, wherein the control 
of power output between full load and part load is performed by increasing the proportion of the total power output of the power 
station provided by the gas turbine plant and the degree of gasification in the coal gasification installation from full load to part 
load, the amount of fuel gas produced being adjusted according to the power requirement of the gas turbine plant and the propor-
tion of residual coke being reduced according to the power requirement of the steam turbine, while decreasing the amount of coal 
supplied overall. In this manner a decrease in efficiency at part load can be reduced. 

"PFBC Power Plant," Krishna K. Pillai - Inventor, United States Patent Number 4,896,497, January 30, 1990. The invention relates 
to a PFBC power plant comprising a bed vessel which is divided into a first section and a second section by a vertical partition 
which reaches up to the upper wall of the bed vessel so that freeboards , which are separated from each other, are formed. The 
first section of the bed vessel forms a gas generator in which a burnable gas is generated. This burnable gas is cleaned in a gas 
cleaner and is burnt in a secondary combustion chamber and is mixed with the combustion gases from the second section of the bed 
vessel and raises the temperature of the gas supplied to a gas turbine to an optimum level for the gas turbine. 

"Coal Fired Power Plant with Pollution Control and Useful Byproducts," Michael G. Lloyd, Jerome H. Marten - Inventors, Florida 
Institute of Phosphate Research, United States Patent Number 4,917,024, April 17, 1990. A coal fired power plant includes a coal 
gasification zone where coal is gasified in the presence of an oxidant-lean atmosphere under partial coal gasifying conditions to 
produce a carbonaceous char and a crude gas stream, an acid separating zone where sulfur-containing compounds are separated 
from the crude gas stream to produce a combustible gas stream, and a converting zone where the sulfur-containing compounds are 
converted to elemental sulfur. The combustible gas stream and the carbonaceous char are fed into a boiler which drives a genera-
tor to produce electricity; portions of the carbonaceous char product and the combustible gas stream are diverted into a gypsum 
desulfurization zone. SO -containing flue gas from the boiler is fed into a flue gas desulfurization zone. There, the S02-containing 
flue gas is contacted with ime and limestone to produce gypsum. The gypsum is fed to the gypsum desulfurization zone where it is 
heated with the diverted carbonaceous char under reducing conditions utilizing the diverted combustible gas stream to provide 
energy to produce a SO 2-containinggas stream. The SO 2-containing gas stream is recycled back to the coal gasification zone to 
provide at least a portion of the oxidant-lean atmosphere air used in the coal gasification zone. 

"Microorganism for Use in Industrial Processes," James Waskovsky - Inventor, Chemolithotrophs Inc., United States Patent 
Number 4,918,018, April 17, 1990. A purified culture of Ferroxifunis bagdadii capable of extracting metals from mining heaps, liq-
uefying and desulfurizing coal, and decolorizing textile mill wastewaters. 

"Process and Catalysts for Hydroconversion of Coal or Petroleum Asphaltene to Distillate Liquids," Chia-chen Chu Kang - Inven-
tor, United States Patent Number 4,917,791, April 17, 1990. A two-stage catalytic hydroconversion process using a large-pore 
catalyst in the first stage reactor and a small-pore catalyst in the second stage reactor in the two-stage process for hydroconversion 
of coal or petroleum asphaltene feed materials to produce distillate liquid fuels. The large-pore catalyst is characterized by having 
pore diameters larger than 1,000 occupying a major portion of the catalyst total pore volume of 0.2 to 1.0 cubic centimeters per 
gram, and the small-pore catalyst is characterized by having pore diameters smaller than 1,000 occupying a major portion of the 
catalyst total pore volume.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline deno ges changes sInce March 1990) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-10) 

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. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC .I process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtra-
tion which was utilized initially in the plant and a Ken-McGee owned unit was installed in 1979. The technology development at 
Wilsonville continued with the installation and operation of a product hydrotitating reactor that has allowed the plant to produce a 
No.6 oil equiàlent 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 Deashing 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 
MAF. This represents substantial improvement over single stage coal liquefaction processes. 

Tests then concentrated on testing both types of coals with the deashing 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 pan 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 confirmed 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 deashed, thereby reducing the equipment size substantially. 

The improved deashing 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 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, more thermal volume was used, resulting 
in a 61 percent MAP 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 stage reactor design. This led to modification of the 
L/D 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 Cat: Construction and operating costs (through calendar 1985):$97 million
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

AECI AMMONIA/METHANOL OPERATIONS - AECI LW. (C-20) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure togener-
ate synthesis gas 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 low pres-
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 zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI 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 "DIESANOL" by 
AECI. 'DIESANOL' has attracted worldwide interest and 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-Si) 

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 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. 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 Easification process demonstration unit will start u p at the Enemy and Environmental Research Center 
in Grand Forks, North Dakota in June 1990. 

BEWAG 0CC PROJECT - BEWAG AG, Brown Boveri and Cie and Lurgi (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." 

The project's ultimate goal is the erection of a ISO megawatt pressurized CFB combined cycle power plant, with 40 megawatts ob-
tained from the gasification, and 140 megawatts from the combustion section. 

As both sections may be operated individually, the following partition can be obtained; 180 MW on operation of the total plant, 
100 MW on operation of the combustion section only and 40 MW on operating the gas turbine on oil or natural gas. 

The split of 40 megawatts/I40 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 CFB gasification and the coupling of pres-
surized CF'B 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 Oel and Gas GmbH (Bottrop), 
and Lurgi GmbH (Frankfurt), under the project leadership of EAB Energie-Anlagen Berlin GmbH. 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

BURL COAL GASIFICATION PROJECT - Bharat Heavy Electricals limited, Hyderabad, India (C40) 

Bharat Heavy Electricals Limited (BHEL), of Vikas Nagar, Hyderabad, India considers fluidized bed coal gasification as a long 
term perspective for combined cycle power generation. An 18 ton per day coal capacity pilot scale Process and Equipment 
Development Unit (PEDU) has been built. 

DUEL 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. 

DUEL'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 and have ash content in the range 25-45 percent by weight. 
The coals have high ash fusion temperature in the range 1,523-1,723 degrees K. 

In the PEDU, coal is gasified by a mixture of air and steam at around 1,173 degrees K and at a pressure of 1.013 Ml'a. 

Phase I of the fluidized Bed Coal Gasification test program in the pilot scale plant is continuing. The plant was commissioned in 
the early 1989 and further test trials are in progress. 

In Phase II of the fluidized Bed Coal Gasification Program, basic engineering of a demonstration scale up 150 TPD coal capacity 
gasification plant has been completed. This plant is scheduled for commissioning in 1991. A demonstration plant will be integrated 
with the existing 6 MW electrical gas turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed 

BIIEL COMBINED CYCLE DEMONSTRATION PLANT - Bharat Heavy Electrical Limited, India (C-SO) 

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 DUEL 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 
coal 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. 

The test program on this plant is expected to be completed by December 1990. A comprehensive test program is underway for ex-
ploiting the moving bed gasification technology for commercialization. 

Project Cost: Not disclosed 

BOTTROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT— Ruhrkohle AG, Veba Oct AG, Minister of 

Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech-
nology 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 1LODO tons raffinate oil were produced from 20,000 tons coal in more than 2003 operating 
hours. 

By this new mode of operation, the oil yield is increase to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 t/m h. 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 sulphur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude 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/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The development program of the Coal 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 120,000 
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) 

BRJCC COAL LIQUEFACTION PROGRAM - Beijing Research Institute of Coal Chemistry - BRICC (C-os) 

In the early 1980s, China renewed study on direct liquefaction with emphasis on converting coal into clean 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 has 
been operating for more than 1,000 hours. 

A five kilogram per hour CPU using "New German Technology' was introduced 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. 

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 Ni-Mo catalyst, natural iron ore 
powder, ferrous disulfide, red mud from several aluminum factories and some compounds containing iron have been tested succes-
sively. 

Research on indirect liquefaction, i.e., modification of the F-T synthesis process is also beng carried out by the Shanxi Research In-
stitute 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 is undergoing tests in a chemical fertilizer plant. 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle (C-70) 

British Coal is building a pilot plant utilizing the 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. Economic studies have confirmed that the process can produce maximum yields of 
gasoline and diesel very efficiently. Work on world-wide coals has shown that it will liquefy economically most coals and lignite and 
can handle high ash feed stocks. British Coal is proceeding with the completion of construction and commissioning of a 2.5 tons per 
day plant at the Point of Ayr site, near Holywell in North Wales. The project is financed by the British Coal with support from the 
European Economic Community, Ruhrkohle A. G. and British Department of Energy. Simon Carves Ltd. is the Main Plant Con-
tractor. 

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 kg slurry per hour, with a coal to oil ratio of 40:60, and employs a H 2 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 1 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.

SYNTHETIC FUELS REPORT, JUNE 1990 
4-49



STATUS OF COAL PROJECTS (Underline denotes changes since March 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Batch micro-autoclaves (50 cm3) are used extensively in support of the continuous hydroliquefaction unit. Particular emphasis has 
been placed on matters relating to hydrogen transfer. An 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 hydrotiquefaction. The 
research has also been concerned with the upgrading (refining) of product syncrudes to specification transport fuels. Experimental 
studies have included hydrotreating, hydrociacking 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 art valid for petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing 
specialised 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 kange of temperature (50) to 750 degrees C), coal particle residence time (10 sec to 
50 mm), heatup rate (50 degrees C/sec to 10' degrees C/see) coal particle size (50 to 300 microns) and additives (slaked time, 
recycle ash, silica fibur, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. Four dif-
ferent types of coal have been tried, Kentucky No. 8 and Pittsburgh No. 8 bituminous coal, a Mississippi lignite and a Wyodak sub-. 
bituminous. Generally the yields of oils from bituminous coals range between 20-25% (MAP), and about 15% 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 
and municipal solid waste. 

Project Cost: $200,000 

CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company (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 11, detailed design, have been completed. Construction of the process development unit (PDU) is 
scheduled for completion by June 1990. Test operation is scheduled to begin upon completion of construction and extend for an-
proximately six months. 

The PDU will demonstrate the Calderon gasification process. In the process, run-of-mine high sulfur coal is first pryolyzed to 
recover a rich gas (medium BTU), after which the resulting char is subjected to airblown gasification to yield a lean gas (low Bill 
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 H mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combined c'cIe power generation plant. 

The PDU is sized to process one ton per hour of a high sulfur midwestern coal. The construction and operation of the PDU will 
take place on the propertyof Alliance Machine Company in Alliance, Ohio. The project is being aided by $5 million in government 
funding. 

The PDU is specified for an operating pressure of 350 psig as would be required to support combined cycle power production. 

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 

Project Cost: $215 million
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CAN DO PROJECT - Continental Energy Associates (C-i®) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in 1-lazle 
Township, Pennsylvania to produce low ETU 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 is currently being converted into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the 
original facility and in new gasifiers will be used to fuel turbines to produce electricity. The electricity will be purchased by the Pen-
nsylvania Power & Light Company over a 20 yen period. Steam will also be produced which will be available to industries within 
Humboldt Industrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is $100 million. The Pennsylvania Energy Development Authority authorized the bond place-
ment by the Northeastern Bank of Pennsylvania and the Swiss Bank. 
The new facility will be operated by Continental Energy Associates. 

Project Cost: $100 million 

CHAR FUELS PROJECT - Char-Fuels of Wyoming Inc., a subsidiary of Carbon Fuels Corp. (C-ho) 

Char-Fuels of Wyoming is attempting to secure financing to build a 1,000 ton per day CharFuel project at the Dave Johnston power 
station near Glenrock, Wyoming. The project could cost up to $100 million. 

The State of Wyoming has promised $165 million in assistance, contingent on a certain amount of private capital to be raised by 
Char-Fuels. 

The project involves a coal refining approach. The first step is a 'hydrodisproportionation step which the company says will use 
technology based on short residence time flash volatilization. Resulting char is mixed back with process-derived liquid hydrocar-
bons to make a stable high-BTU, pipelineable slurry fuel. This shiny could be burned in coal-fired or modified oil-fired burners. 
It would be tested in the 100 megawatt no.1 unit of the Johnston plant. 

A smaller 150 ton per day unit would be built for process development studies. The plant would include gas processing, 
hydrotreateis, methanol production and aromatic naphtha recovery. Products manufactured would include CharFuel slurry, am-
monia, sulfur, methanol and aromatic naphtha. 

Project Cost: $100 million 

CHEMICALS 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 design rates. 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 avenged 97% onstream availability for the last three years. 

In January, 1989, Eastman announced that it plans a $150-million expansion of the chemicals-from-coal facility to be completed by 
the end of 1991. The project, which could begin as early as mid-1989, will more than double Eastman's output of acetyl chemicals 
from coal and increase its flexibility in sourcing 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 anhyrdride 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 debottlenecking, because the coal 
gas unit was built with some spare capacity. 

Project Cost: Unavailable
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CIGAS GASIFICATION PROCESS PROJECT - Fundacao de Ciencia e Tecnologia—CIENTEC (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. 

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 coal). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 05 tons per day of coal). The plant was fully 
operational in 1982. In 1984 the pressurized plant capacity was enlarged to 25 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 will be 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$4.7 million up to the end of 1988. The next stage of development will require US$15 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-Eli) gas. It was designed to process Brazilian coals at temperatures up to 1,000 degrees 
C. 

In the reactor, the coal is fluidized and gasified with steam and air at temperatures up to 1,000 degrees C. This 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 coal is 
gravity-transferred to the reactor through a pipe whose end is located slightly above the operational bed height. 

The steam-air mixture enters at the bottom through a gas distributor. The steam-air conical distributor consists of stainless steel 
pipes covered by dense castable refractory. 

The bottom ash (char), removed from the reactor through a pipe connected to the orifice located at the center of the distributor, is 
quenched in the char bin. The slurry is next pumped to the clarifier of the wastewater treatment plant. 

The CIVOGAS pilot plant has been successfully operating for approximately 10,000 hours for the past six years and has been work-
ing mainly with subbituminous coals with ash content between 35 to 55 percent weight (moisture-free). 

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 air-steam mixture. 

Two different coats 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. 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. 

CtfTEC 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 CIEN'FEC researchers, the fluidized-bed distributor and the bottom char withdrawal system have been their main 
concerns, and much progress has been made. 

COALPLEX PROJECT - AECI (C-140) 

The Coalptex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures 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 in-
clude 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 r plants, the carbide, acetylene, and VCM plants represent the main differences be-
tween coal-based and conventional PVC technology.
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Project Cost: Not disclosed 

COGA-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 
over 1 million tons of coal per year and will produce 500,000 tons of ammonia and 500,(X tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (IGT). When completed, the COCA-I 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 $600 million 
project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, and the Nor-
wegian fertilizer firm Norsk-Hydro, are currently working to complete the financing package for the facility. 

Project Cost: $600 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C-lw) 

The Colombian state coal company, Carbocol plans for a coal gasification plant in the town of Ainaga 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 early 1990s to produce urea if financing is found. 

Project Cost: $20 million initial 
$200 million eventual 

COLSI'RIP COGENERATION PROJECT - Colstrip Energy Limited Partnership, Bechtel Development Company, Pacific Gas and 
Electric Company, Rosebud Energy Corporation (C-165) 

In 1985, Montana One Partners (MOP), was formed to develop, construct, manage and maintain an LFC-Cogeneration plant in 
Colstrip, Rosebud County, Montana. SGI, the developer of the LFC (Liquids From Coal) process, is the sole general partner and 
one of two original limited partners of MOP. 

In 1987, this 35 megawatt project was separated into two independent units, the 35 megawatt power unit (Colstrip Project) and the 
Lit Process unit. Separation of the project into two independent units required a new license from the Federal Energy 
Regulatory Commission, which was granted in October, 1987. 

In April, 1988, MOP entered into an engineering procurement and construction contract with Bechtel Construction, Inc. for the 
Colstrip Project (i.e., the power unit). The project ocnstruction started in the third quarter of 1988, with completion scheduled For 
the second half of 1990. 

In August, 1988, MOP sold all of its interest in the Colstrip Project to four individuals. These four individuals are the shareholders 
of Rosebud Energy Corporation, a Montana corporation. 

In July, 1988 construction and long-term financing was obtained for the Colstrip Project. The investment banking firm of Laden-
burg, Thalmann & Company, Inc. structured and arranged this project financing. The project lenders, Bank of New England, NA. 
and Trust Company of the West are providing up to $79,734,000 of construction financing and up to $56,984, of long-term 
financing for the Colstrip Project. Equity funding of $22,750,000 is being provided by an affiliate of Bechtel Development Com- 
pany, a California public utility, which are the limited partners of Colstrip Energy Limited Partnership (CELP). CELP has become 
the new owner of the Colstrip Project. The general partner of CELP is Rosebud. 

COOL WATER COAL/MSW GASIFICATION PROGRAM - Texaco Syngas Inc. (C-170) 

Original Cool Water participants built a 1,000-1,200 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. Thc California Energy Commission ap-
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proved the state environmental permit in December 1979 and construction began in December 1981. Plant construction which took 
only 2.5 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 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 (EPRJ) executed an agreement to participate in 
the Project in February 1980 and their contribution is $69 million. Bechtel Power Corporation was selected as the prime engineer-
ing 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 1111 Coal Gasification Project Corp. 
signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alternate 
Energy Development Company are non-equity contributors to the project, having signed contributor 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 SCE of facilities at 5(1'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 Aim 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 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 SFC 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 sup-
port under the SEC'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 II negotiations for financial assistance. On April 
13, 1983 the sponsors received a letter of intent from the SEC 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 times that the facility was not burning an alternate test 
coal. The Program could test up to 8 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. 8 coal (nominal 2.9 percent 
weight sulfur) test, and a 20,000 ton Australian Lemington high-ash-fusion-temperature coal (nominal 03 percent weight sulfur) 
test have been completed. Energy conversion rates and environmental characteristics while running the alternate coals are essen-
tially 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 theten continuous day SEC acceptance 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 28 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 (SCE) for the purchase and operation of the Cool Water plant. 

Upon acquiring the plant, Texaco intends to utilize a new application of Texaco's technology which will permit Cool Water to con-
vert 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 reaséns. 
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 early 1922. 

Project Cost: $263 million
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CRE SPOUTED BED GASIFIER - Coal Research Establishment, Otto-Simon Carves (C-190) 

A spouted fluidized bed process for making low-Bill 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. 

The CItE 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 to 83 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. Since April 1987 a new contract with the EEC has investigated the use of sand beds and the potential of oxygen 
enrichment of the process. This contract will permit operation of the pilot plant up to November 1989. 

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 is to develop a range of commercial gasifiers with a coal throughput typically 
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 actively 
promoting the use of the technology in the United Kingdom process industries. 

Although OSC has yet to build the first commercial unit, they say considerable 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 GASIFIER PROJECT - 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 tons per day process development unit) adopting a dry coal feed 
system has been developed and successfully operated. This gasifier has been determined to be employed as the prototype of the 
national 200 tons per day pilot plant. The hot gas cleanup system process development unit (PDU) which employs a porous filter 
for dust removal and an iron oxide honeycomb fixed bed for desulfurization was constructed and has been successfully operated. 

Research and development on a 200 tons 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 (Mm) 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. 

CRJEPI constructed, in 1983, a coal gasification process development unit with a capacity of 2.4 tons per day coal using air-blown 
pressurized two-stage entrained-flow method, and since then has been promoting research and development jointly with Mitsubishi 
Heavy Industries, Ltd. 

As of late 1999, the gasifier had been operated for 1.652 hours, and tested on fl different coals. 

For the project to build a 200 tons 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 (IC)' with 10 
major electric power companies and CRIER to carry out this project supported by MIT! 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 becinnint in 1991 for the air-blown pressurized 
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entrained-flow aasifier connected with the hot zu cleariun swteni and a high temnerature os turbine of 1300 dearees C combustor 
outlet temoerature. 

Project Cost: 53 million 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 (10CC). 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 expects to decide during 1989 whether to approve this scheme. 

If the Masnedoe demonstration is successful, Elkraft intends to move on to construct a lull-scale 300-megawatt 10CC unit at 
Stitsnaes, for service in 1997. 

As yet, Elkraft has given no indication which 10CC design it favors for the Masnedoe demonstration. 

Potential bidders could include Shell, Dow, Texaco and Krupp-Koppers. 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-210) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 92 percent of capacity. As of 
May 1989 the project has completed 8,485 hours on coal. It has produced 8,277 billion Btu of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for 7,881 hours. 

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 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 first quarter, 1987 by Dow Engineering Company. The project is owned and operated 
by Louisiana Gasification Technology Incorporated, a wholly owned subsidiary of The Dow Chemical Company based in Pla-
quemine, Louisiana.	 - 

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 

DUNN NOKOTA METHANOL 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. Planning for the project thin an advanced posi-
tion. $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 is expected to 
be approved in 1990. Operation of Phase 1t 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. The impacts which will occur from 
the construction and operation of this project will be mitigated in accordance with sound operating procedures and legal and 
regulatory requirements. At full capacity, the plant will use the coal under approximately 390 acres of land (about 14.7 million 
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COMMERCIAL AND R&D PROJECTS (Continued) 

tons) each year. Under North Dakota law, this land is required to be reclaimed and returned to equal or better productivity follow-
ing mining. Nokota will be working closely with local community leaders, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 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 
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 average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment will 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 LI) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

ENCOAL LFC DEMONSTRATION PLANT - ENCOAL Corporation, United States Department of Energy (C-221) 

ENCOAL Corporation, a wholly owned subsidiary of Shell Mining Company of Houston, Texas, ex pects to receive funding from 
the Department 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 demonstration plant will utilize the LFC technology developed by SOt Interna-
tional. 

The demonstration plant will be put in service by the first quarter of 1992. The plant will be designed and 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 burns 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 has been 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 5, CO 
hydrocarbons and particulates. There will be no waste water and source water requirements will be wry small. 

ENCOAL will contract for engineering, procurement and construction services from the M.W. Kellogg Company. 501 Interna-
tional will furnish technical services. 

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. 

Estimated Project Cost:	 $73,000,000 

ESCRICK CYCLONE GASIFIER Thsr - Oaklands limited (C-222) 

A one megawatt cyclone gasifier system has been evaluated on a clay pipe kiln at Oaklands Ltd., Escrick, Yorkshire, United 
Kingdom. The clay pipe kiln at this works is heated using butane gas and on occasions when such high quality fuel has become ex-
pensive, the company has considered a number of different systems in order to achieve at least some element of coal firing. Earlier 
systems fired pulverized coal directly into the kiln through pulverized fuel burners. Carbon burnout was poor and unburned car-
bon and ash built up to such an extent in the bottom of the kiln that the car carrying the clay pipes could no longer be pushed 
through. The maximum continuous period of operation using this system was about seven days, when normally the kiln is operated 
continuously for many months.
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A low cost gasifier system was needed to produce a clean low-BTU gas which could be used to fuel burners firing through the roof 
of the kiln. Ash/particulate retention was a very high priority while carbon burnout was not too crucial. The cyclone gasifier sys-
tem was well suited for this task in that the technology enabled much of the particulate matter to be retained inside the combustion 
chamber. 

A cyclone combustor with a maximum rating of 15 megawatts with two vortex collector pockets in order to improve ash retention 
was chosen. The unit was situated alongside the kiln. A crushed coal with an ash fusion temperature of just below 1,40) degrees C 
was choosen to ensure that no deposition or slagging occurred in the unit. Operation was fuel rich at a mixture ratio of 0.7 of 
stoichiometric for primary air. 

The kiln on which these trials were conducted had four firing zones. Exhaust gases from the kiln were fed to a drier with extra heat 
being added to these gases by an auxiliary burner. Each firing zone required 900 kilowatts of heat, distributed through nine top 
fired burners. The cyclone gasifier system was designed to operate all nine such burners in a zone. To control the tlowrate of gases 
from the cyclone gasifier to the kiln burners a fluidic, non-moving-part valve was used to regulate the gas flowrate and either divert 
the gas to the kiln burners or allow it to pass to a swirl burner/furnace system for incineration. 

The gases from the cyclone gasifier were burnt in the kiln using simple co-axial burners with an air sheath surrounding the fuel gas. 
At the end of the trials there was no evidence of slag formation in the collected solids or in the cyclone combustor, while only 
sparse quantities of dust/grits were observed on the cured clay pipes the following day. Typically more than 80 percent of the gen-
erated ash and unburnt material were retained by the two VCP's and the central collector. Overall combustion efficiency of the 
cyclone combustor was about 80 percent. 

FREETOWN 10CC PROJECT -. Texaco Syngas Inc., Commonwealth Energy and General Electric Company (C-rn) 

The three companies have begun preliminary planning for a joint development of an electrical generating facility, using an in-
tegrated gasification combined cycle (10CC) design, in Freetown, Massachusettes. 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 to be sold to New England utilities. 

The plant will be one of the world's cleanest coal based power plants with emissions levels of particulates, SO and NO 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 1994 

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 is the 
commercial demonstration of a state-of-the-art 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 F) distillate product.
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The CCLC Coprocessing technology is being developed by Canadian Energy Developments Inc. in association with the Alberta of-
fice of Coal Research and Technology (AOCRT) and Gesellschaft fur Kohleverfiussigung mbll (01K) of Saarbrucken, West Ger-
many. 

The technology is in an advanced stage of development. 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 hydrotreat-
ing studies and market assessment studies. 

Canadian Energy and GfIC are planning to modify an existing 10 ton/day coal hydrogenation pilot plant to the CCLC Coprocessing 
configuration and to use it to confinn 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. 

OW DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
01K Gesellschaft fur Kbhleverflussigung Mbl-1 (C-230) 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Co-processing) and coals with low ash contents, Gilt favorizes 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. 

the new concept. Operation will bezin by mid-1991. 

Project Cat: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - Dakota Gasification Company (C-240) 

Initial design work on a coal 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 Gasr (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 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 and the price of No. 2 Fuel Oil, with limits placed on the formula by the price of other com-
peting fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a sub-
sidiary 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 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 connect 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 spon-
sors were generally committed to providing one dollar of funding for each three dollars 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) of high 
BTU 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 miscellaneous by-products including tar oil, phenols, and naphtha 
to be used as fuels. Approximately 16,000 tons per day of North Dakota lignite is required as feedstock. 
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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/DOJ filed suit in the United States District Court in the District 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 judgement for foreclosure. A foreclosure sale was held on June 30, 1986, and DOE obtained legal title to the plant and its as- 
sests by a Marshall's deed dated July 16, 1986. This decision was upheld by the United States Court of Appeals for the Eighth Cir-
cuit 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 plantiffs (DOE/DO.J) 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. 

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 and Dakota Coal Company, 
operate the plant and manage the mine respectively. Ownership of the plant was transferred on October 31, 1988. 

For the first 15 months of operation under Dakota Gasification ownership, the plant produced gas at over 108 percent of design 
capacity. 

The Linde Division of Union Carbide Industrial Gases Inc. has signed a 15-year agreement with Dakota Gasification Company to 
buy all the krypton/xenon produced at the Great Plains Synfuels Plant beginning in December 1990. 

Project Cost: $2.1 billion 

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 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, five to 10 times larger, with an annual output of 
two to four 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 coal 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. 

Project Cost:	 Not disclosed 

HANOVER ENERGY DOSWELL PROJECT - Hanover Energy Associates (C-255) 

Hanover Energy Associates is planning a 700 megawatt cofired cogeneration plant to sell electricity to Virginia Power. The plant, 
to be located near Doswell, Virginia, will include 24 to 28 Wellman-Galusha gasifiers. The gas turbines will burn five-sixths natural 
gas and one-sixth low-BTU coal gas from the gasifiers. 

The coal source will be coal wastes located in Western Virginia. 

Construction is scheduled to begin on July 1 and will take two years, according to documents filed with the Federal Energy 
Regulatory Commission. 

Other equipment includes four Westinghouse 501 D5 gas turbine generators, four waste heat recovery boilers and two steam tur-
bine generators. Steam will be sold to National Energetics Company for manufacturing carbon dioxide and possibly to a nearby 
paper company. 

Hanover Energy Associates, a limited partnership, was one of about 30 companies that responded to Virginia Power's solicitation 
in December 1986 for some 1,100 megawatts of electricity. Hanover has a similar plant planned in northeastern Pennsylvania, with 
a capacity of about 100 megawatts.
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HUENXE COT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (COT) GmbH (C-260) 

COT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The COT coal gasification concept consists of the combination of two principal processes of coal gasification 
in a specially developed reactor. The characteristic feature of the COT Process is the integrated fluidized bed and dust gasification 
stages. The coat is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the gasification media 
(steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,000 degrees C hot product gas and are 
separated in a downstream cyclone as coke dust. The hot coke dust is cooled and stored in bunkers. The coke dust is then fed to 
the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled combustion chamber. The 
product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor flows down into the 
fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow gasification under pres-
sure leads to a higher specific throughput capacity with simultaneously higher efficiency. The production of tar-free product gas at 
the relatively low temperature of the reactor leads to various simplifications in gas purification. 

The overall program for the development of the COT process consists of three stages. Step 1: (1978-1981)—Planning, construction, 
and management of checkout tests of key components of the technical process. Step 2: (1981-1986)—Planning, construction and 
operation of a 4 tons per hour operating system. Step 3—Demonstration of the process at commercial scale. For the component 
test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage were 
erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage COT gasification process. The process 
design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The component 
test facility and the 4 tons per hour pilot plant were erected at the site of the BP Ruhr refinery at Huenxe. The test work comprises 
a conceptual test program to the end of 1986. Alter bringing the facility on line and operating the combined fluidized bed with 
entrained flow gasification, the complete working of the test facility with a reference coal will be carried out over the entire operat-
ing range. In the following test phases the suitability of different feed coals will be checked out. In connection with the systematic 
test program, gasification tests with client coals for specific applications are planned. 

Project Cost: Not disclosed 

HYCOL HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coat Process Development (Japan) 
(C-270) 

In Japan, the New Energy Development Organization (NEDO) has promoted coal gasification technologies 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 multi-purpose coal gasifier for 
medium-BTU gas. 

The multi-purpose 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. The pilot plant, with the exception of the gasification section, is being constructed at the plant site in Sodegaura, Chiba 
prefecture. Construction is planned to be completed in August of 1990. Operational research is scheduled to begin in 1991 after a 
trial run. 

The key technology of this gasification process is a two-step spiral flow system. In this sytem, coal 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 downword spiral flow. As a result of this sprint 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 feed	 50 ton per day 
Pressure	 1.0 MPa 
Temperature	 1,500 to 1,80 degrees C 
Oxidant	 Oxygen 
Coal Feed
	

Dry. 
Slag Discharge	 Stag Lock Hopper 
Refractory Lining	 Water-cooled stag coating 
Dimensions Outer Pressure Vessel 2 Meters Diameter, 133 Meters Height 
Carbon Conversion	 98 Percent 
Cold Gas Efficiency	 78 Percent 
1,000 Hours Continuous Operation
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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. 

IMI-JEX MOLTEN CARBONATE FUEL CELL DEMONSTRATION - M-C Power Corporation, Combustion Engineering, Inc., 
Institute of Gas Technology (0.273) 

Despite being turned down for funding under the United States Department of Energy's Clean Coal Technology Round 3 
Program, MC Power Corporation is going ahead with a demonstration project to repower existing coal-fired power plants with 
coal gas-fueled IMHEX molten carbonate fuel cells (MCFC). The proposed coal gasification/MCFC system can be used to fully or 
partially repower 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  

The IMHEX 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 will be located at lOT's Energy Development Center in Chicago, Illinois. The demonstration will use 
IGT;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 Industrieanlagenbau (0.275) 

A basic 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 300,0 tons 
per year of pig iron in a melter-gasifier. Conventional techniques require use of a coke oven to make coke, which is then reacted 
with iron ore in a blast furnace. 

Two streams are gravity fed into the melter-gasifier. One stream is coal (0.547 tons of carbon per ton of pig iron produced) with 
ash, water and sulfur contents of up to 20 percent, 12 percent and 15 percent, respectively. Lime is fed together with the coal to 
absorb sulfur. The second stream—iron ore in lump, sinter or pellet form—is first fed to a reduction furnace at 850-900 degrees C 
and contacted with reducing gas (65-70 percent CO and 20-25 percent 112) from the melter-gasifier. This step reduces the ore to 
95 percent metal. 

The reduced ore 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 1,600-1,700 degrees C at the oxygen inlets near the bottom. Molten metal and slag are tapped from the 
bottom. Voest-Alpine says the pig iron quality matches that from blast furnaces, and that costs are $150 per ton. 

Voest-Alpine has also recently patented several schemes involving a fluidized bed meltdown-gasifier (United States Patents 
4,725,308, 4,722360, 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. 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - 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 converted into a city with new schools, stores, housing, and transporta-
tion.
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A pilot plant referred to as an ST-75 installation is being built at RATER 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. 

Additionally, a second unit referred to as the ETKh-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 heats up quickly to 550-70) 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 ETKJi-175 energy efficiency is said to be about 85 percent, with account for the energy losses and auxiliarypower. 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 under construction at the Belkovskaya mine of the Novomoskouslc Coal As-
sociation. The unit is intended to demonstrate a relatively low pressure hydrogenation process that reportedly operates at ap-
proximately 1,500 psig and 400 degrees C. A catalyst is used in the process to enhance the hydrogenation of coat into high octane 
gasoline. The liquid and solid are separated, and the solids are combusted to recover the catalyst. Startup of ST-5 was to occur in 
1984. 

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 pyrolyzed 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 12,000, and by-product water 
and fuel gas. K-Fuel pellets contain 60 percent more energy (approximately 27 million BTU per Ion) 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 350,000 tons per year of K-Fuel. Wisconsin Power and Light has agreed to 
a 10-year purchase agreement for "a substantial portion" of the output of the plant. The K-Fuel will be tested at Wisconsin Power 
and Light's Rock River generating station near Beloit in south-central Wisconsin. For the test Wisconsin Power and Light will pur-
chase the fuel at the cost of production, which has yet to be determined but is estimated to be over $3.0 per ton. If the test is suc- 
cessful, Wisconsin Power and Light has the option to invest in the process. 

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. 

Construction of the plant will begin during the fourth quarter, 1989. Fm-Con Construction Corporation of St. Louis, Missouri is 
building the facility, and the plant will begin commercial operation by March, 1991. EA-K Energy, Inc., which is jointly owned by 
Energy America Incorporated of San Diego and K-Fuel Partnership of Denver, will build and 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 Cost: $62 Million 

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-
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The major development facility for KRW is a coal gasification pilot plant located at the Waltz Mill site near Pittsburgh, Pennsyl-
vania. This facility has been in operation since 1975 and has 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 con-
tents and high and low moisture contents. A number of German brown coats haw also been successfully gasified. The pilot plant 
program was completed in September 1988, and the facility is currently mothballed. It is being continuously maintained in anticipa-
tion of award of additional coal testing work. 

The pilot plant utilizes 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 ranges between 20 and 35 tons 
per day, depending on coal type. 

The DOE hot gas cleanup program that was initiated in late 1984 will be completed in fiscal year 1988. The results from this 
development program have provided significant cost and efficiency improvements for the KRW gasification technology as applied 
to gasification combined cycle electric power generation. Operations at the Waltz Mitt pilot plant with an air blown gasifier using a 
high sulfur (243%) and highly caking Eastern bituminous coal, have achieved the following significant demonstrations: 

- A simplified process to deliver a hot and clean low RTI.J fuel gas to a combustion turbine. 
- Gasifier in-bed desulfurizatioa 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 aim 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 I 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 300400 MW sized plants. A significant feature of these sys-. 
tems is the modularity of design which provides much planning and construction flexibility. 

As a result of the pilot plant demonstration, a $243 million commercial power unit was planned near Pittsburgh, Pennsylvania with 
funding from Round One of DOE's Clean Coal Technology program. However, the project may be scaled back to repowering an 
existing unit, bringing the cost down to $190 million. Kellogg was to submit a full assessment of project viability to DOE by July, 
1989. 

Project Cost: $243 million 

LAKESIDE REPOWERING GASIFICATION PROJECT - Combustion Engineering, Inc. (C-320) 

The project will demonstrate Combustion Engineering's pressurized, airblown, 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 (1-LRSO). Steam from the gasification process and the HRSG 
will be used to power an existing steam turbine (25 MWe). 

The proposed 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 project is funded under Round 2 of the Department of Energy's Clean Coal Technology Program. 

LAPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, (1cm Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-330) 

Air Products is testing a  tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem 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 con-
centrated 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. White the technology is particularly suitable to syngas derived 
from coal, the concept will be tested initially using hydrogen and carbon monoxide produced from natural gas. 
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In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, with the initial objective of a 40 day con-
tinuous run. During the run, the LaPorte unit was operated under steady-state conditions using carbon monoxide-rich gas repre-
sentative of that produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to $ tons per day 
with a total production of approximately 165 tons of methanol (50, gallons). The plant, including the slurry pump and a Spe-
cially designed pump seal system, 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 8,000 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 last 
year to incorporate an internal heat exchanger and vapor/liquid separation process. Synthesis gas was provided by Air Products 
from its adjacent industrial gas production plant. 

The 30-month, $9.4 million contract exoired in October, 1989. A one year contract extension was aranted in the amount of 
$800,000 DOE's share is $750000. 

Project Cost:	 DOE $26.4 million 
Private participants: $3.8 million 

LIQUID PHASE METHANOL DEMONSTRATION PLANT - Air Products and Chemicals, Dakota Gasification (C-345) 

Coal Gasification Combined Cycle (CGCC) is the cleanest technology for generating electric power from coal. The linuid phase 

Fuel-grade methanol produced at Great Plains by the LPMEOIT process will be used in tests to demonstrate its suitability for 
boilers, turbine and transportation fuel applications. 

About 10 percent of the synthesis gas currently produced at the Great Plains plant will be converted to make 500 tons per day of 
methanol, while the remaining synthesis gas will continue to be used in making substitute natural gas. 
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LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - KHD Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-350) 

El-ID and Sumitomo agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasification 
processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, Sweden at the 
country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant was designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen are in-
jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed 

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 on 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 Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in December, 1990, 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 (C-370) 

Coal Technology Corporation, formerly United Coal Company's Research Division, UCC Research Corporation has built a Mild. 
Gasification Process Demonstration Unit at its research center in Bristol, Virginia. The unit is capable of processing 1 ton per day 
of coal or coal waste. Under the sponsorship of the United States Department of Energy (DOE), UCC has developed a process 
that is primarily aimed at recovering the energy value contained in wastes from coal cleaning plants. To utilize this waste, UCC 
developed a mild gasification/coal liquid extraction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas. Phase II continues un-
der the sponsorship of the U. S. Department of Energy/Morgantown Energy Technology Center involving further development of 
the process with concentration on a variety of coal feedstocks rather than coal waste. The two year program as completed the fol-
lowing:

Developed a detailed test plan for conducting in-depth optimization tests of the Mild Gasification Process. 

Conducted a extensive test program to optimize the operation of the Mild Gasification Process and producing significant 
quantities of coal liquids and char. 

Tests of char and char/coal blends for use in industrial/utility boilers, 100 percent char in stoker boilers, and for use to re-
place or extend coke in blast furnaces are ongoing. 

Evaluation of the coal liquids as a home heating fuel. 

Distillation of the coal liquids into fractions with boiling ranges approximately those for gasoline, diesel oil, and heavy oil to 
determine which fractions may be best suited for commercial applications. 

The process demonstration unit underwent a modification phase initially to enhance the overall unit performance. Modifications to 
the condensing system, reactor tubes, furnace, and coal feed system were made. 

Work is now concentrated on a 03 ton per hour continuous mild gasification process demonstration unit for the production of 
coproducts. The work is oriented toward production of transportation fuels and metallurgical coke for blast furnaces. 

Project Cost: Not disclosed 

MILD GASIFICATION OF WESTERN COAL DEMONSTRATION - AMAX, Western Research Institute (C-372) 

AMAX is planning a l,(0 ton per day commercial demonstration plant at its Eagle Butte Mine near Gillette, Wyoming. Inclined 
fluid-bed reactors will be used for drying and mild gasification.

SYNTHETIC FUELS REPORT, JUNE 1990 
4-66



STATUS OF COAL PROJECTS (Underline denotes changes since March 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The first liquid product, dirty pitch, will be used to spray the dry coal. Clean pitch will be used as a binder for carbon anodes used 
in aluminum production. The oil product will be used to run the heavy mine equipment. 

Prefeasibility studies concluded that favorable economics depend upon upgrading the mild gasification chats 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. Therefore, char will be converted to pure carbon to be used for the manufacture of carbon 
anodes in aluminum production or sold as carton 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 development unit has been operating at Western Research In-
stitute since January 1990. A 50 pound per hour char to carbon process demonstration unit will start up at Amax Research and 
Development in Golden, Colorado in June 1990. 

MINNESOTA P&L ELFUEL PROJECT - Minnesota Power and Light Company, BNI Coal, Institute of Gas Technology, Electric 
Power Research Institute and Bechtel Corporation (C-313) 

Minnesota Power and Light submitted a proposal to DOE's Clean Coal Technolgoy Program Round Three for a project in which 
2,000 tons per day of raw North Dakota lignite would be reformed at temperatures of 600 degrees F and 1,850 psi, creating a 
product that resembles bituminous coal. In the final ELFUEL product, moisture would be reduced to eight percent by weight and 
the energy content increased from 7,250 BTU per pound to 11,100 BTU per pound. 

- The project was not selected for funding. However, the proposers are considering submitting it to the next round of the Clean Coal 
Technology Program. Testing is still continuing to try to reduce sulfur levels in the final product. If these tests are promising Min-
nesota P&L may decide to continue the project without DOE funding. 

Project Cost:	 $146 million 

MONASH HYDROLIQUEFACI1ON 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 am being con-
ducted. 

The work is largely supported by the Coal Corporation of Victoria 

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 lead 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. 

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 characterising 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 hydroliquefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress 

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 Ih It 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. 
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MRS GASIFICATION PROCESS PROJECT— British Gas plc and Osaka Gas Company Ltd. (C-400) 

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) incorporating internal gas recirculation in an entrained flow system has been developed to provide a means of 
carrying out the process without the problems of coal agglomeration, having to deal with excessive coal fines, or excessive 
hydrogenating 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 1-lydrogenator (GRI-{) 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 started. 

In December, 1988, it was announced that the sponsors would go ahead with the second stage of the joint research program. The 
next step will be to carry out a further three year development program which will expand the pilot plant facilities to enable more 
advanced testing to be carried out. 

Through 1988, performance tests have been conducted at over 30 different operating conditions. Three different coals have been 
tested, and a total of 7 tonnes have been gasified at temperatures of between 840 degrees centigrade and I,) degrees centigrade. 
However, the initial plant design only allowed tests of up to a few hours duration to be carried out. The new program will allow 
tests each lasting for days rather than hours by modifying the plant to allow a continuous stream of line powdered coal to be fed 
into the reactor. 

Project Cost:	 Phase I $16 million 
Phase 11$7.4 million 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (C.410) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after 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 coat 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. 

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 most 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. NEDO had been 
operating three process development units 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 light 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 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-420) 

A group of Swedish companies are planning to build a gasification plant in Sweden. The Nynas Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification process to produce fuel gas for a combined cycle unit and synthesis gas for ammonia 
production. Initially, the facility will produce 280 megawatts of electricity, 200,000 tons of ammonia per year, hot water for the 
Southern Stockholm district heating system, and industrial gases (oxygen, nitrogen, and argon). Also, Nynas Petroleum's refinery 
in Nynashamn will switch to fuel gas from NEX. The plant is scheduled to go on stream in 1991. 
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Participants in the project are: AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Bank. 

The Investment Bank, AGA, and Johnson are equal partners in a new company, Nynas Kombinate AB, which owns 100 percent of 
NEX. AGA will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

OHIO COAL/OIL CO-PROCESSING PROJECT' - Ohio Clean Fuels Inc., Stone and Webster Engineering Corp., [(RI Inc., Ohio Coal 
Development Office, and United States Department of Energy (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" C 4-975 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 coal, 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. Continued funding 
by DOE, however, hinges on Ohio's ability to find an alternative market for the fuel. 

Project Cost: Estimated $226 million 

OULU AMMONIA FROM PEAT PROJECT' - Kemira Oy (C-450) 

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 HTW 
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 
150 megawatts, thermal. 

Project Cost: Investment costs are expected to be F1M225 million. 

P-CR) PROCESS - Interproject Service AB, Sweden and Nippon Steel Corporation, Japan (C-455) 

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. 

In 1984, Interproject Service AR of Sweden and Nippon Steel Corporation of Japan signed an agreement to develop the P-CIG 
Process in pilot plant scale. The pilot plant system was built up at the Metallurgical Research Station (MEFOS) 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 
iron of 40 tons. 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.
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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-1 '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 acheived. 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 
distribution of residence times for different fractions of products is obtained, the proper hydrodynamics of 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 carded out, with over 100 tons of 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 
which is expected to be completed by the end of the eighties. 

COMBINED PFBC/GCC SYSTEM - British Coal Cor poration, United Kingdom De partment of Ener2v. European Commission. 
PowerGen, (C465) 

British Coal Corporation has proposed a research project utilizing the pressurized fluidized bed combustion process (PFBC) 
developed at Grimethorpe, South Yorkshire. 

The project is intended to increase the output of the power station by incorporation a turbine which runs on a combination of 
gasified coal and exhaust from the pressurized Iluizied bed combustor. 

In conventional PFBC, coal is burned in a fluidized bed under pressure, and the hot pressurized combustion gases are fed directly 
into a gas turbine. However, the operating temprature in a PFBC unit is usually only about 850 C to avoid softening the ash and 
impeding fluidization. This comparatively low temperature limits efficiency. 

To overcome this, British Coal engineers proposed a topping cycle. It would entail injecting a fuel gas into the hot PFBC combus-
tion gas and burning the combination in the gas turbine inlet, raising the hot gas temperature to 1,100 C or more. 

At first, the fuel gas would be natural gas. In due course the intention would be to couple a coal gasifier and a PFBC unit. 

Coal would be partially gasified, and the solid residue burned in the PFBC unit; the fuel gas from the gasifier would be burned in 
the hot combustion gas in a fully coal-fired topping cycle. 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (KK) (C-470) 

Knipp Koppers, of Essen, West Germany (in United States known under the name of GK'I' Gesellschaft fuer Kohle-Technologic) 
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-Tottek (1(T) 
flow gasifier. 

In 1973, KK started experiments using a pilot WI' gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BV and MX for a cooperation in the development of the pressurized version of the WI' 
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.
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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. By September 1988, more than 6,200 hours of operation had 
been accumulated. 

Krupp Koppers and Siemens, KWU Group, are planning a demonstration IGCC plant based on the PR.ENFLO 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 is expected to be finished in 1989, so that a contract can 
be awarded in the second half of the year. The startup of the plant is planned for 1992. 

Project Cat: Not disclosed 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kellogg Company (Qfl) 
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 cycle is expected to reduce the cost of electricity by 20 percent 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 low-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  emissions. 

Kellogg anticipates following up the study work with bench scale and pilot plant testing of the concept. 

RIIEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C480) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

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 (HTW) process. The engineering contractor for this process is Uhde GmbH. 

The development was started at the lnstitut 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 pit-tests with this PDU a pilot plant operating at pressure of 10 bar was built in July 1978 at the Wachtberg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled 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 21,000 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, MAY, 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 Kemira Oy Company, Finland decided to 
convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the HTW process. The plant 
is 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. 

Rheinbraun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters 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 Rheinbraun's Union Kraftstoff subsidiary for methanol production testing 
periods. From startup in January 1986 until end of July 1989 about 406,400 tonnes of dried brown coal were processed within about 
15,100 hours of operation. During this time about 510 million cubic meters of synthesis gas were produced. The plant availability 
was increased to 100 percent during the first quarter of 1989. The longest period of continuous operation was 109 days from end of 

December to mid April, 1989.
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COMMERCIAL AND R&D PROJECTS (Continued) 

Studies for further development of the HTW process for higher pressures up to about 25 bar are being performed including op-
timization of the processing system as well as operation in a recycling fluidized bed especially in respect to utilization for combined 
power production. 

The erection of a new pilot plant for pressures up to 25 bar and throughputs up to 63 tons per hour is planned on the site of the 
former pilot plant of hydrogasification. The basic engineering for the new pilot plant was finished at the end of April, 1987. Con-
struction was completed in mid-1989. Startup is planned for October 1989. 

This work is performed in close co-ordination with Rheinbraun's parent company, the Rheinisch-Westfalisches Elektrizitatswerk, 
which operates 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 10CC technology so as to have a process option available for the new 
power plants. Tests will be carried out with air and oxygen as gasifying agent starting in late 1989. Based on the results of these 
tests and on the operating experience gained with the HTW synthesis gas plant, a decision on the construction of a demonstration 
plant for integrated HTW gasification combined cycle (l-ITW-IGCC) power generation will be taken around mid-1991. 

Project Cost: Not disclosed 

SASOL - Sasol Limited (C490) 

Saw[ Limited is the holding company of the multi divisional Sasol Group of Companies. Saw[ is a world leader in the commercial 
production of coal based synthetic fuels. The Symbol 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 Saw] Two and Three plants, at Secunda - 
situated on the Eastern l-lighveld 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,ODO 
tons, of oxygen, 26,000 tons; and of water, 160 megatiters. 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. 

The products of Saw] Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division. 

Sasol's Mining Division manages the five Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the four Secunda Collieries, 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 programme, process design, en-
gineering, project management, and transfer of technology. 

Project Cost: SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates Limited; Gulf 
Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (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 goat 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 (CCLP). 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 12,500 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 under 5(300 million. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Scotia Synfuels and partners have also concluded an agreement with the Nova Scotia government supported by the federal govern-
ment for financial assistance on a $23 million coprocessing feasibility study. The study is expected to be completed by June, 1990. 

Project Cost:	 Approximately $23 million for the feasibility study 
Approximately CZW million for the plant 

SCRUBGRASS - Scrubgrass Associates (C-Sb) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scnibgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure GKT 
entrained-flow coal gasification, IC methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SFC dropped the project from further consideration. 

Scrubgrass Power Corporation has converted the project from production of liquid fuels to the production of electric power, at the 
same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is SO MEG. The 
plan is to use circualting fluidized bed technology, fueled with up to 6 percent sulfur coal. 

No federal assistance of any kind is sought. 

The estimated total project costs, including start-up, commissioning, engineering, procurement, and construction, and financing 
costs, are $145,,000. 

Project Cost: See above 

SEP GASIFICATION POWER PLANT PROJECT - SEP (C-SW) 

Samenwerkende Elektriciteits-Productiebedrijvn (SEP). the Central Dutch electricity generating company, has submitted to the 
government a plan to build a 250 megawatt coal gasification plant, to be ready in 1993. SEP's previous electricity plan, approved 
early in 1987, contained a project to build a 600 megawatt coal gasification unit at Maasvtakte, near Rotterdam, but construction for 
startup in 1997 will now be based on experience gained from the smaller plant. 

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 is likely to be in Buggenum, in the province of Linburg. 

After two years of experimentation, the plant may be expanded to 600 megawatts capacity. 

Project Cost: DF1,700 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 100,000 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/Shelf 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 has 
now operated for over 10,000 hours. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Haiburg refineiy 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.
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COMMERCIAL AND R&D PROJECTS (Continued) 

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, TX. 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-UM 
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-
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. The smooth plant operation during this long run indicates the reliability of the 
process and mechanical features of the Shell Coal Gasification 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 sun, the plant has focused on evaluation of additional coals, plant runs aimed at op-
timizing design rules and technology improvements. Eleven 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 coals. 

Project Cost: Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-540) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a six foot diameter and a throughput of 300 tons per day.) The plant successfully operated on a wide range. 
of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable 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. By-product 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 104000 tons of coal were gasified. 

A new phase, started in November 1984, is the demonstration of a 500 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 73 feet. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine to gener-
ate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 1,950 degrees 
F, a compression ratio of 10, and a thermal efficiency of 31 percent. Currently, this gasifier has operated for approximately 
1,300 hours and has gasified over 26,0 tons of U.K. and U.S. (Pittsburgh No. 8) coals. 

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 have 
been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun HTW gasifier 
and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRG, in August 1985. Testing Bowmans coal in 
the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, FRG has been completed. 

The third phase, the detailed costing and feasibility study, was deferred in 1988 for at least three years due to deferred need for 
new electric capacity with significant reduced electricity load growth.
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COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost: DM 73 million 

SYNThESEGASANIAGE RUHR (SAP) - Ruhrkohle OeI and Gas GmbH and Hoechst (C-See) 

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 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 is 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 participates in the coal costs. 

Project Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-570) 

The Texaco Coal Gasification Process reached a milestone in January, 1989 with the successful completion of the five year 
demonstration of commercial operation by the Cool Water Coal Gasification Program. After production of more than 23 billion 
kilowatt hours of electricity from gasification of more than one million tons of coal, the Cool Water Program completed operation 
in late January to permit full documentation of the results. As the first fully integrated commercial scale gasification combined 
cycle power plant in the world, Cool Water demonstrated the ability of the texaco process to efficiently use a wide range of coals in 
an environmentally superior manner. Emissions of sulfur dioxide, oxides of nitrogen and particulates from even high sulfur coals 
were far below the stringent Federal New Source Performance Standards requirements for coal fired plants. 

The Texaco Coal Gasification Process can be used for the commercial production of electric power and a variety of products, and 
has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects currently in. 
operation utilizing the Texaco Coal Gasification Process include the 900 tons per day Tennessee Eastman plant which manufactures 
methanol and acetic anhydride, the 1,650 tons per day Ube Ammonia plant which manufactures ammonia, and the 800 tons per 
day SAR plant in Oberhausen, West Germany for the manufacture of oxo-chemicals. Commercial projects currently in detailed 
design and/or construction include the 400 ton per day LuNan Coal Gasification Plant in China to manufacture ammonia, and the 
1,100 tons per day Shoudu Coal Gasification Plant in Beijing, China, which will produce town gas. Many United States utilities are 
actively considering coal gasification for future electric power capacity additions, and are working with Texaco on detailed site-
specific studies of the Texaco process. Outside the U. S. many projects using Texaco's technology are in the evaluation stage and 
include plants to be located in the Netherlands, Sweden, Denmark, Italy and China. 

Project Cost: Not applicable 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process (TCGI"). 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 a 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 
process, 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 gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. 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 be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed
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COMMERCIAL AND R&D PROJECTS (Continued) 

VEW GASIFICATION PROCESS - Vereinigte Eiektrizitatswerke (C-600) 

A gasification process being specially developed for application in power plants is the VEW Coal Conversion Process of Vereinigte 
Elektrizitatswerke, 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 fluidized bed combustion unit. Because the coal is only partly gasified, it is not necessary 
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. "Three variants are being tested for gas cleaning, 
whereby both wet and thy gas cleaning are being applied. These consist of: 

Wet gas-cleaning with prescrubbing to remove NI-I 4CI, and amisol washing plus a Claw plant to remove sulfur. 

Prescrubbing to remove NI-I 4CI, with combustion of gases free of chlorine and alkalies in the gas turbine, 
followed by sulfur separation in the FGD plant. 

Dry removal of chlorine and alkalies in a circulating fluidized bed in which lime is used as a reagent, with sulfur 
removal in the FGD plant. 

VEW is presently planning the conversion of one of its six gas-fired power stations to the new technology. The coal gasification 
process is expected to be fully developed by 1990. 

Project Cost: Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-610) 

BCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of dry ash free 
coal. DCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nissho Iwai, Idemitsu Kosan, and Asia 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 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. 

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. Both sections are now operating. The pilot plant is planned to operate until September, 1989. 

The aim of the pilot plant is to provide data on the BCL Process developed since 1971 by members of the consortium. Tentative 
plans call for construction beginning near the end of this decade of a demonstration plant consuming about 5,000 tons per day of 
dry coal equivalent, this being the first unit of a six unit commercial plant. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Day McKee Pacific Pty. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cost: Undisclosed 

WESTERN ENERGY COAL CLEANING DEMONSTRATION - Western Energy Company, United States Department of Energy 
(C.616) 

The United States Department of Energy has opened negotiations with Western Energy Company for funding as a replacement 
project in Round One of the Department's Clean Coal Technology Program. 

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 one 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 Montana Power Company 
power plant in Colstrip, Montana.
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COMMERCIAL AND R&D PROJECTS (Continued) 

WUJING TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-620) 

Shanghai Coking and Chemical Plant is considering a trigeneration project to produce coal-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 Shanghai 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed 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 meter; 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 
electricity 100 metric tons per hour of low pressure steam; and 300,000 metric tons per year of 99.85 percent purity chemical grade 
methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 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 (TDP), International Development Cooperation Agency. 

Phase I, designed to produce one million cubic meters per day of town gas, 100,000 tons per year of methanol, and 15,000 tons per 
year of cellulose acetate was submitted to the Chinese National Planning Board for approval by Shanghai municipality in April, 
1988. It was approved by the Chinese National Planning Board at the end of September, 1989. 

Project Cost: Not disclosed 

YUNNAN LURGI 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 1.5 tons per hour. The carton 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 
successful, thus reducing the production cost of ammonia by 25-30 percent. In order to substitute coal briquettes for lump 
anthracite, BRICC 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. 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-630) 

The government of India has appropriated $40 million to test the potential of underground coal gasification (UCG) For domestic 
coal. The proposed site for the test in western India contains large reserves of subbituminous coal that could be amenable to UCG. 
However, experts from the United States, France, Netherland, Belgium, and West Germany concluded that the depth of the 
coal—approximately 2,750 Feet—may cause some challenges, but have agreed with the strategy adopted by India for detailed 
geological, geophysical and hydrological studies prior to gasification and proposed horizontal drilling, completion policy and surface 
design. Therefore, they recommended that the Indian researchers utilize the Controlled Retracting Injection Point (CRIP) 
technology developed by the Lawrence Live nnore National Laboratory. 

The first information well (UCG-1) has been drilled in Mehsana City structure located in North Gujarat. Detailed hydrological, 
geological and geophysical studies have been completed. Detailed 3-D seismic work has been done. Another well is proposed to 
be drilled for more data gathering before actual gasification in 1989-90. 

Project Cost: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livermore National Laboratory (C-650) 

Initial LLNL work involved development of the packed bed process for UCG, using explosive fracturing to link injection and 
production wells. A field test, Hoe Creek No. 1, was conducted during FY1976-1977, to test the concept. The second experiment, 
carried out during FY1977-78, Hoe Creek No.2, was linked using reverse combustion and produced 100-150 BTU per standard 
cubic foot gas using air injection, and 250-300 ffI'U per standard cubic foot gas during a two day steam-oxygen injection test. The 
next experiment, Hoe Creek No. 3, was carried out during the FY1978-79, using a drilled channel to provide the link. The test ran 
for 57 days, 47 consecutive days using steam and oxygen during which 3,800 tons of coal were gasified with an avenge heating value 
of 215 BTU per standard cubic foot. The test showed that long term use of steam oxygen for UCG is technically feasible, 
operationally simple and safe.
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Underground Gasification Projects (Continued) 

As a result of the experience at Hoe Creek LLNL developed the Controlled Retracting Injection Point (CRlF) concept for UCO. 
The development of this gasification method was a result of recognition of the importance of maintaining oxygen injection in a 
UCG reactor low in the scam. The CRIP concept insures a low injection point by using a horizontally drilled injection well placed 
at the bottom of the seam, in which a steel liner is inserted the full length of the hole. In addition, the technique also allows 
multiple cavities to be developed from a single injection well. This is accomplished through the use of an igniter/cutter assembly in 
the injection well capable of burning through the injection well liner and igniting the coal. This new concept was first tested in the 
'Large Block Tests' carried out in FY1982 at the WIDCO mine site. In addition to testing the new CRIP concept for the first time, 
these tests were designed to be midway between laboratory and full field scale. This mid-scale size allowed the burn cavities to be 
excavated yielding valuable information about UCO cavity growth. 

The results of the "Large Block Tests' led to the design of the Centralia Partial Seam CRIP test which was carried out in 
FY1983-84. This test which used the upper half of the Big Dirty seam demonstrated the technical feasibility of the CRIP method 
on a full-scale system. Two cavities were developed and over 2,000 tons of coal were gasified with steam and oxygen, producing an 
avenge heating value of 240 BTU per standard cubic foot. Because of routine mining operations at the WIDCO mine site where 
the test was performed, LLNL had the opportunity to excavate this large scale burn during FYI986. This excavation was extremely 
valuable in helping to refine the UCO process model as well as providing data for model validation. 

The CRIP concept was carried to an even larger scale in the Rocky Mountain I (RM-I) UCO test performed in FYI988. The RM-I 
test was a nominal 100 day test of two technologies for UCG performed near Hanna, Wyoming at the site of previous DOE UCG 
tests. In addition to the CR1? module a second module called the Extended Linked Well (ELW) module was also operated. The 
CR!? module performed extremely well. Approximately 10,000 tons of coal were gasified over the course of 93 days of forward 
gasification. The 287 BTU per standard cubic foot average gas heating value was the highest level ever obtained in a flat lying coal 
seam. The process also demonstrated efficiencies equal to that of surface gasification units. During operation of the CRIP module 
four separate cavities were generated demonstrating the ability of the CR11' technology to reliably generate multiple cavities from a 
single injection well. 

The PM-I test was jointly sponsored by the DOE and private industry. LLNL involvement in the test included supply and 
operation of data acquisition hardware and software, supply and operation of gas analysis equipment, technical input to test design. 
and operation, and supply of personnel for technical operation of the test. 

In addition to involvement in field work, LLNL has over the course of the last several years developed a state-of-the-an computer 
model of the UCO process. This model, called CAVSIM, addresses both gas composition and resource recovery questions 
associated with UCG. The model successfully predicted the shape of the cavity uncovered during the excavation of the Centralia 
Partial Seam CRIP test. In addition, model computations of coal consumption and gas production rates in a simulation of the 
RM-I test have been shown to agree very well with the field data. 

Project Cost: Not disclosed
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COMPLETED AND SUSPENDED PROJECTS 

Project 

A-C Valley Corporation Project 

Acurex-Aerotherm Low-WFU Gasifier 
for Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced Flash 1-lydropyrolysis 

Agglomerating Burner Project 

Air Products Slagging Gasifier 
Project 

Alabama Synthetic Fuels Project 

Amax Coal Gasification Plant 

Appalachian Project 

Aqua Black Coal-Water Fuel 

Arkansas Lignite Conversion 
Project 

Australian SRC Project 

Beach-Wibaux Project 

Beacon Process 

Bell High Mass flux Gasifier 

Deluge Methanol Project 

111-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Slagging Project 

Car-Mox Low-BTU Gasification 
Project

Sponsors; 

A-C Valley Corporation 

Acurex-Aerothent Corporation 
Glen-Gerr Corporation 
United States Department of Energy 

Arthur D. Little, Inc. 
Foster-Wheeler 
United States Department of Energy 

Rockwell International 
U.S. Department of Energy 

Battelle 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 Havens, Inc. 

Dow Chemical Company, 
Electec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development Pty, 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 

Eke Chemicals, Inc.

Last Appearance in SFR 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page B-23 

June 1987; page 4-47 

September 1978; page B-fl 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 445 

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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Catalytic Coal Liquefaction Gulf Research and Development December 1978; page 8-25 

Caterpillar Low BTU Gas From Coal 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 443 

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 
Sears 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 8-24 
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 846 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coatcon Project Union Carbide Corporation December 1978; page 8-26 

Coster Process Development Coaler Energy December 1978; page 8-26 

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 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

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
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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 Korf 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-S 
Project TransWorld Resources 

DeSota 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 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

Poster Wheeler Tennessee 

Emery Synfuels Associates: 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon, Inc. 

Exxon Company USA 

Westinghouse Electric Corporation 

Hydrocarbon Research, Inc. 
United States Department of Energy

Enrecon Coal Gasifier 

Exxon Catalytic Gasification 
Process Development 

Fairmont Lamp Division Project 

Fast fluid Bed Gasification 

Elmwood Coal-Water-Fuel Project 

Emery Coal Conversion Project 

June 1985; page 4.43 

March 1987; page 4-66 

December 1983; page 4-84 

September 1985; page 4-66 

December 1984; page 4-73 

September 1982; page 4-76 

December 1982; page 4-90 
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Fiat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat iTO 
KRW Energy Systems, Inc. 

Hash Pyrolysis Coal Occidental Research Corporation December 1982; page 4-91 
Conversion United States Department of Energy 

Flash Pyrolysis of Coal Brookhaven National Laboratory 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 

Fularji Low-BTU Gasiflcr 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 

Orefco 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 Compahy 
Northwestern Mutual Life Insurance 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal 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 

Hillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Howmet Aluminum Howrnet Aluminum Corporation March 1985, page 4-74 

H-R International Syngas Project H-R International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page B-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 19W, page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICOG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4'66 
tion Plant Project United States Department of Energy
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Integrated Two-Stage Liquefaction Cities SeMce/Lummus September 1986; page 4-69 

rrr 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 4-85 
Project Administration 

Ken-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. J. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. 

KILnGAS 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 Kiockner Koblegas 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- Rlieinische Braunkohlwerke AG December 1983; page 4-96 
faction Project 

LC-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 
Subbiturninous Coals, Canada Research Fund 

Alberta Research Council 

Low-ifrU Gasifiers for Corn- Irvin Industrial Development, Inc. June 1979; page 4-89 
menial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

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 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy
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Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98 

Mazingarbe Coal Gasification Project Cerchar (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 13-22 

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. 
Weyerhaeuser 

Minnegasco High-BTU Gas Minnesota Gas Company March 1983; page 4-1 
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

SYNTHETIC FUELS REPORT, JUNE 1990 
4-84 



Proiect Sponsors Last Appearance in SPIt 

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 Coal-Water Fuel Project CoaLãquid, 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 Synfuels Project Elgin Butler Brick Company September 1988; page 4067 
National Synfuels 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 

Slurtytech, 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 InterNorth 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 

Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Gel & Gas GmbH 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio I Coal Conversion Project Energy Adaptors Corporation March 1990; page 4-65 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Llydrogeneration Process Cart A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company
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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 

Purged Carbons Project 

Pyrolysis Demonstration Plant 

Pyrolysis of Alberta Thermal Coals, 
Canada 

Riser Cracking of Coal 

RUI-TR100 Project 

Rheinbraun Hydrogasification of Coal 

Saarbergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Scrubgrass Project 

Sesco Project 

Sharon Steel 

Simplified IGCC Demonstration Project

Kiockner Kohlegas GmbH 
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. 

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 

Ruhrgas AG 
Ruhrkohle AG 
SteagAG 
West German Ministry of Research 

and Technology 

Reinische Braunkohlenwerke 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke AG 
Dr. C. Otto & Company 

Foster Wheeler Corporation

March 1985; page 4-72 

December 1983; page 4-108 

September 1984; page C-28 

June 1981; page 4-78 

December 1978; page 8-33 

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 

September 1984; page C-29 

December 1987; page 4-80 

June 1984; page 4-86 

September 985; page 4-77 

Powerton Project	 Commonwealth Edison 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Scnibgrass Associates March 1990; page 4-69 

Solid Energy Systems Corporation December 1983; page 4-110 

K]ockner Kohlegas GmbH 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 
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Niagara Mohawk Power Corporation 
Ohio Department of Development
Peabody Holding Company 
United States Department of Energy 

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Lima Coal Gasification! Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-Hydrogasification General Atomic Company September 1978; page B-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page 8-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page 8-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

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 Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas
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Energy International 	 March 1990; page 4-76 

Spruce Creek Energy Company 	 March 1990; page 4-76 

Government of Belgium 	 March 1990; page 4-74 

Underground Coal Gasification, 
Ammonia/Urea Project 

Underground Gasification of Anthracite, 
Spruce Creek 

Underground Coal Gasification, Joint 
Belgo-German Project 

UCG Brazil 

UCG Brazil

Compannia Auxiliar de Empresas Electricas Brasileriras September 1988; Page 4-75 

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 

September 1987; page 4-76 

June 1985; page 4-75 

September 1989; page 4-81 

December 1983; page 4-119 

December 1989-, page 4-75 

March 1985; page 4-98 

Canada 

Underground Coal Gasification, British Coal 
English Midlands Pilot Project 

Underground Coat Gasification, Rocky Mountain Energy Company 
Hanna Project United States Department of Energy 

Underground Coal Gasification, Leigh Creek Government of South Australia 

Underground Coal Gasification Lawrence Livermore Laboratory 
Hoe Creek Project United States Department of Energy 

Underground Coat Gasification LLNL StudiesLawrence Livermore Laboratory 

Underground Coal Gasification Mitchell Energy 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO
Rocky Hill Project 

Underground Coal Gasification, Rocky 
Mountain 1 Test 

Underground Gasification of Deep Seams 

Underground Gasification of 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of 
Texas Lignite 

Underground Coal Gasification, 
Thunderbird II Project 

Underground Coal Gasification, 
Washington State 

Underground Gasification of 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion 
Project 

University of Minnesota 
Low-BTU Gasifier for Commer-

Amoco Production Company 

Groupe d'Etudes de Ia Gazeification Souterraine 
Charbonnages de France 
On de France 
Institut Francais du Petrole 

Basic Resources, Inc. 

Texas A & M University 

In Situ Technology 
Wold-Jenkins 

Sandia National Laboratories 

Basic Resources, Inc. 

Union Carbide/Linde Division 
United States Department of Energy 

University of Minnesota 
United States Department of Energy

December 1983; page 4-121 

December 1983; page 4-120 

March 1990; page 4-76 

December 1987; page 4-86 

December 1983; page 4-121 

March 1985; page 4-102 

March 1983; page 4-124 

March 1985; page 4-101 

June 1984; page 4-92 

March 1983; page 4-119 
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cial Use 

Utah Methanol Project 

Verdigris 

Virginia Power Combined Cycle Project 

Watkins Project 

Westinghouse Advanced Coal 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification 

Wyoming Coal Conversion Project 

Zinc Halide Hydrocracking 
Process Development

Questar Synfuels Corporation 

Agrico Chemical Company 

Consolidation Coat 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Cameron Engineers, Inc 

KRW Energy Systems Inc. 

United Synfuels Inc 

WyCoalGas, Inc. (a Panhandle Eastern 
Company) 

Conoco Coal Development Company 
Shell Development Company

December 1985; page 4-90 

September 1984; page C-35 

December 1985; page 4-90 

March 1978; page B-fl 

September 1985; page 4-80 

September 1984; page C-36 

December 1982; page 4-112 

June 1981; page 4-86 
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS

Company or Orsanization Project Name 

AECI Ltd. AECI Ammonia/Methanol Operations 4-47 
Coalplex Project 4-52 

AGA Nynas Energy Chemicals Complex 4-68 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-64 
Liquid Phase Methanol Demonstration Project 4-65 

A. Johnson & Company Nynas Energy Chemicals Complex 4-68 

AMAX AMAX/EMRC Mild Gasification Demonstration 4-47 
Mild Gasification of Western Coal Demonstration 4-66 

Asia Oil Victoria Brown Coal Liquefaction Project 4-76 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-76 

Basin Electric Cooperative Great Plains Gasification Plant 4-59 

Bechtel Inc. Colstrip Cogeneration Project 4-53 
Minnesota P&L ELFUEL Project 4-67 

Beijing Research Institute of Coal Chemistry BRICC Coal Liquefaction Program 449 

BE WAG AG BEWAG CCC Project 447 

Bharat Heavy Electricals Ltd. El-tEL Coal Gasification Project 4-48 
BHEL Combined Cycle Demonstration 4-48 

BNI Coal Minnesota P&L ELFUEL Project 4-67 

BP United Kingdom, Ltd. Monash Ilydroliquefaction Project 4-67 

British Coal British Coal Liquid Solvent Extraction Project 449 
CItE Spouted Bed Gasifier 4-55 
PowerGen Combined PFBC/GCC System 4-70 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-49 
CR13 Spouted Bed Gasifier 4-55 

British Gas Corporation MRS Gasification Process 4-68 
Slagging Gasifier Project 4-74 

Broken Hill Pty. Broken Hill Project 4-49 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-50 

Brown Boveri and Cie BEWAG GCC Project 447 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4-76 

Calderon Energy Company Calderon Energy Gasification Project 4-50 

Canadian Energy Developments Frontier Energy Coprocessing Project 4-58 

Carbocol Colombia Gasification Project 4-53 

Carbon Fuels Corp. Char Fuels Project 4-51 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4-61
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Central Research Institute of Electric Power Industry CRIEPI Entrained Flow 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 

Coal Conversion Institute Polish Direct Liquefaction Process 

Coal Gasification COGA-i Project 

Coal Technology Corporation Mild Gasification Process Demonstration Unit 

Combustion Engineering Lakeside Repowering Gasification Project

Company or Orsanization	 Proiect Name 

4-55 

4-Si 

4-64 

4-66 

4-70 

4-53 

4-66 

4-64 
4-62 

4-58 

4-51 
4-59 
4-65 

4-72 

4-56 

4-46 
4-64 

4-56 

4-57 

4-63 

4-49 

4-52 
4-52 

4-61 

4-58 

4-60 

4-59 

4-72 

4-72 

4-60 

4-69 

4-76 

4-62 
4-67 

4-69 

4-62 

Commonwealth Energy 

Continental Energy Associates 
Dakota Gasification Company 

DEVCO 

Dow Chemical 

Electric Power Research Institute 

Elkraft 

Encoal Corporation 

Energy Brothers Inc. 

European Economic Community 

Fundacao de Ciencia e Technologia (CIENTEC) 

Gelsenberg AG 

General Electric Company 

German Democratic Republic 

GFK Gesellschaft fur Kohleverfiussigung 

Gillespie, Alastair & Associates, Ltd. 

Gulf Canada Products Company 

Hanover Energy Associates 

Ilk! Inc. 

Idemitsu Kosan 

Institute of Gas Technology 

Interproject Service AB 

ISCOR

IMHEX Molten Carbonate Fuel Cell Demonstration 

Freetown 10CC Project 

Can-Do Project 
Great Plains Gasification Plant 
Liquid Phase Methanol Demonstration Project 

Scotia Coal Synfuels Project 

Dow Syngas Project 

Advanced Coal Liquefaction Pilot Plant 
Laporte Liquid Phase Methanol Synthesis 

Danish Gasification Combined Cycle Project 

Encoal LFC Demonstration Plant 

K-Fuel Commercial Facility 

British Coal Liquid Solvent Extraction Project 

CWOGAS Atmospheric Gasification Pilot Plant 
CIGAS Gasification Process Project 

Huenxe COT Coal GAsification Pilot Plant 

Freetown 10CC Project 

GSP Pilot Plant Project 

GFK Direct Liquefaction Project 

Scotia Coal Synfuels Project 

Scotia Coal Synfuels Project 

Hanover Energy Doswell Project 

Ohio Ontario Co-Processing Project 

Victoria Brown Coal Liquefaction Project 

IMI-IEX Molten Carbonate Fuel Cell Demonstration 
Minnesota P&L ELFUEL Project 

P-CO Process 

ISCOR Melter-Gasifier Process
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Company or Orzanization Proiect Name 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-76 

Kellogg Company, The M.W. KRW Energy Systems Inc. Advanced Coal Gasification 4-63 
System for Electric Power Generation 

Pressurized Fluid Bed Combustion Advanced Concepts 4-71 

Kemira Oy Oulu Ammonia From Peat Project 4-69 

lU-ID Industries Lulea Molten Iron Pilot Plant 4-66 

Kitborn International Frontier Energy Coprocessing Project 4-58 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-76 

Krupp Koppers GmbH PRENFLO Gasification Pilot Plant 4-70 

Lung GmbH BEWAG 0CC Project 447 

M-C Power Corporation IMHEX Molten Carbonate Fuel Cell Demonstration 4-62 

Manfred Nemitz Industrieverwaltung Huenxe CGT Gasification Pilot Plant 4-61 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-48 

Minnesota Power & Light Minnesota P&L ELFUEL Project 4-67 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-76 

Monash University Monash Hydroliqucfaction Project 4-67 

New Energy Development Organization CRIEPI Entrained Flow Gasifier 4-55 
Hydrogen From Coal Pilot Plant 4-61 
Nedol Bituminous Coal Liquefaction Project 4-68 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4-76 

Nippon Steel Corporation P-CIG Process 4-69 

Nissho Iwai Victoria Brown Coal Liquefaction Project 4-76 

Nokota Company Dunn Nokota Methanol Project 4-56 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4-48 
Synthesegasanlage Ruhr (SAR) 4-75 

NOVA Scotia Coal Synfuels Project 4-72 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4-72 

Oaklands Ltd. Escrick Cyclone Gasifier Test 4-57 

Ohio Ontario Clean Fuels Inc. Ohio Ontario Co-Processing Project 4-69 

Oil & Natural Gas Commission Underground Coal Gasification, India 4-77 

Osaka Gas Company MRS Gasification Process 4-68 

Otto-Simon Carves CRE Spouted Bed Gasifier 4-55 

Pacific Gas & Electric Cotslrip Cogeneration Project 4-53 

People's Republic of China Mongolian Energy Center 4-67 
- Shanghai Chemicals from Coal Plant 4-73 

Petro-Canada Scotia Coal Synfuels Project 4-72 

PowerGen PowerClen Combined PFBC/GCC System 4-70
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Company or Oreanization	 Project Name 

Research Ass'n For Hydrogen From Coal Process 
Development 

Rhcinische Braunkohlwerke 

Rosebud Energy Corp. 

Royal Dutch/Shell Group 

Ruhrkohle AG 

Saabergwerke AG 

Sasol Limited 

SGI International 

Shanghai Coking & Chemical Corporation 

Shell Oil Company 

South Australia, Government of 

Stone & Webster Engineering Corporation 

Sumitomo Metal Industries, Inc. 

Swedish Investment Bank 

Tennessee Eastman Company 

Texaco Inc. 

Texas Syngas Inc. 

Ube Industries, Ltd. 

Uhde GmbH 

Union of Soviet Socialist Republics 

United Coal Company 

United States Department of Energy 

University of North Dakota Energy Minerals 
Research Center 

Veba Oel GmbH 

Vereinigte Elektrizilatswerke 

Victoria, State Government of 

Virginia Power

Hydrogen From Coal Pilot Plant 

Rheinbraun High Temperature Winkler Project 

Colstrip Cogeneration Project 

Shell Coal Gasification Project 

Bottrop Direct Coal Liquefaction Pilot Plant Project 
British Coal Liquid Solvent Extraction Project 
Synthesegasanlage Ruhr (SAR) 

GFK Direct Liquefaction Project 

Sasol Two and Sasol Three 

Colstrip Cogeneration Plant 

Wujing Trigeneration Project 

Shell Coal Gasification Project 

South Australian Coal Gasification Project 

Ohio Ontario Co-Processing Project 

Lulea Molten Iron Pilot Plant 

Nynas Energy Chemicals Company 

Chemicals From Coal 

Cool Water Coal/MSW Gasification Project 
Texaco Coal Gasification Process 

Freetown IGCC Project 
Cool Water Coal/MSW Gasification Program 

Ube Ammonia-From-Coal Plant 

Riieinbraun High Temperature Winkler Project 

Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 

Mild Gasification Process Demonstration Unit 

Advanced Coal Liquefaction Pilot Plant 
&icoal LFC Demonstration Plant 
KRW Advanced Coal Gasification System for 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 
Mild Gasification Process Demonstration Unit 
Ohio Ontario Co-Processing Project 
Western Energy Coal Cleaning Demonstration 

AMAX/EMRC Mild Gasification Demonstration 

Bottrop Direct Coal Liquefaction Pilot Plant Project 

YEW Gasification Process 

Victoria Brown Coal Liquefaction Project 

Hanover Energy Doswell Project

4-61 

4-71 

4-53 

4-7:3 

4-48 
4-49 
4-75 

4-59 

4-72 

4-53 

4-77 

4-73 

4-74 

4-69 

4-66 

4-68 

4-51 

4-53 
4-75 

4-58 
4-53 

4-75 

4-71 

4-62 

4-66 

446 
4-57 
463 

4-64 
4-66 
4-69 
4-76 

4-47 

4-48 

4-76 

4-76 

460 
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Company or Oitanization Project Name Pave 

Voest-Alpine lndustrieanlagenbau ISCOR Melter Gasifier Process 4-62 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 448 
Research & TEchnology, GFIC Direct Liquefaction Project 4-59 

Rheinbraun High Temperature Winkler Project 4-71 

Western Energy Company Western Energy Coal Cleaning Demonstration 4-76 

Western Research Institute Mild Gasification of Western Coal Demonstration 4-66 

Westinghouse Electric KRW Advanced Coal Gasification System for Electric 4-63 
Power Generation 

Yunnan Province, China Yunnan Lurgi Chemical Fertilizer Plant 4-77
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