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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles In this Issue 

United States Passes Comprehensive Energy Bill 

The United States Energy Policy Act of 1992 was signed by President Bush on October 24. Al-
though the main focus of the Act is on energy conservation and efficiency, alternative fuels, and 
renewable energy technologies, there are also provisions for coal, oil, oil shale, tar sands and 
natural gas. These provisions of the Act are summarized on page 1-1. 

New SBIR Solicitation Covers Alternative Fuels 

The United States Department of Energy has invited small business firms to submit grant applica-
tions under its 11th annual solicitation for the Small Business Innovation Research (SBIR) 
program. This year the amount of funding per project has been substantially increased. The tech-
nical topics for solicitation include processes for producing, improving and enhancing utilization of 
alternative fuels, as listed on page 1-3. 

DOE Selects Projects for Phase II SBIR Research Grants 

The United States Department of Energy has selected 17 fossil energy and synthetic fuel related 
projects for funding under Phase II of its Small Business Research program. The winners are 
listed on page 1-5. The awards will average about $490,000 each for a 2-year period. 

MIT Study Concludes that Oil Price Forecasts are Biased on High Side 

Throughout the late 1970s and 1980s, nearly every oil market forecast predicted that prices would 
rise and that non-OPEC supply had reached or neared its peak, whereas in reality, prices fell and 
non-OPEC supply rose. The reliability of long-term oil market forecasting as discussed on 
page 1-8, has been extremely poor. 

BP Review of World Energy Notes Slight Increase in Energy Consumption 

According to the British Petroleum Company, the increase in world energy consumption from 
1990 to 1991 was only about 1 percent. The low growth rate underlines the effect of the global 
recession in the industrial countries and the economic restructuring in Eastern Europe and Asia. 
Some details of the review are presented on page 1-7. 

NERA and CERI Project 1993 Oil Prices of $20 per Barrel 

CERI and NERA forecast average annual crude oil prices of $19.80 and $19.03 per barrel, respec- 
tively, for 1993. Both project that accelerating economic growth will allow OPEC to raise prices 
slightly during 1994 and 1995. Key points of these projections are summarized on page 1-11. 

Borehole Mining Not Successful to Date, But May Still Have Potential 

The status of borehole mining projects around the world is summarized on page 1-14. To date, 
none of the sites have reached the full-scale production stage due to economic and environmental 
constraints. However, as easily accessible deposits become depleted, the outlook for borehole min-
ing should improve.
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Advanced Technology Will Not be Enough to Reduce Greenhouse Emissions 

Advanced technologies are doing their part to reduce global emissions of CO 2, but technology 
alone cannot control these emissions in the long term. As noted on page 1-16, nonenergy factors, 
such as productivity and population, also must be dealt with. The potential for future global 
climate change and its implications for fossil fuels are discussed in the article. 

Southern Pacific Reports Progress on Stuart Project 

The Australian Government's budget, released in August, included a continuation of favorable tax 
treatment for gasoline produced from oil shale. Qualification of Stage I of the Stuart oil shale 
project for these incentives is currently under way. See page 2-1 for an update of the project. 

Paraho Again Producing Shale Oil 

The New Paraho Corporation's pilot plant in Rifle, Colorado is currently producing 15 barrels of 
oil daily as part of the SOMAT test marketing program. The first phase of the test market 
program is expected to cost $1.2 million over the next year and produce enough SOMAT for 50 to 
60 miles of asphalt roads. A progress report on the SOMAT project begins on page 2-1. 

Petrosix Commercial Module Runs at Design Capacity 

Petrobras's successful operation of a new 36-foot diameter industrial retort is discussed on 
page 2-2. Since July, the unit has been operating at or above the design capacity of 100,000 barrels 
of clean oil per month. 

Joint Venture to Have 100,000-Ton Capacity for Bicarbonate From Oil Shale Basin 

NaTec Resources Inc. and North American Chemical Company have formed a joint-venture com-
pany, White River Nahcolite Minerals, to produce high-quality sodium bicarbonate products from 
a natural deposit of nahcolite in the Piceance Creek Basin of Colorado (see page 2-5). The com-
pany is expected to add over 100,000 tons per year of new sodium bicarbonate capacity. 

BLM Solicits Interest in Lease of White River 

The United States Bureau of Land Management has announced the availability of oil shale 
mineral lease rights and/or a surface lease on the White River oil shale tracts U-a and U-b, lo-
cated 45 miles southeast of Vernal, Utah. Details of the existing works at the site are summarized 
on page 2-6. Any approved surface lease use must be compatible with present or future leasing 
and development of the oil shale mineral rights. 

National Oil Shale Database to be Published on Compact Disk 

A cooperative project between the United States Geological Survey and the United States Depart-
ment of Energy has resulted in the creation of a National Oil Shale Database of geotechnical data 
on the oil shale resources of the United States. Data for about 1,500 drill holes are on file. As dis-
cussed on page 2-7, these data are going to be made available on compact disk. 
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Asphalt Additive Produced From Hydroretorted Alabama Shale 

The characteristics of an asphalt additive produced from hydroretorted Alabama shale are dis-
cussed on page 2-9. A laboratory study found that hydroretorting Alabama shale using a pres- 
surized, fluidized bed produces an oil yielding a stable additive that improves the pavement tensile 
strength and significantly increases the resistance of pavement samples to freeze-thaw cracking. 

Stability of Shale Oil Reviewed 

Oil shale instability is an important consideration in the development of shale oil as an alternate 
fuel source. A review of fuel stability studies found that, in general, stability decreases as one 
moves from petroleum oil to coal-derived liquids to tar sand crudes to shale oils. A brief summary 
of the review can be found on page 2-10. 

Kinetics of Drying Australian Oil Shale Studied 

An experimental study of the mechanisms of gas transport in Australian oil shales of the Stuart, 
Rundle and Condor oil shale deposits is discussed on page2-12. The measurement of drying 
kinetics for the determination of transport properties of oil shale is experimentally demanding. 
This study showed that routine permeability measurements, which are quick and inexpensive, can 
be used to predict the drying kinetics of oil shale samples. 

Column Flotation of Alabama Oil Shale Achieves 60 Percent Carbon Grade 

As reported on page 2-13, physical beneficiation of low-grade Alabama shale using froth flotation 
provides a high-grade material, which makes the extraction of oil more economically attractive. In 
this study, a concentrate grade of 60 percent carbon was consistently obtained over a wide variety 
of test conditions, although carbon recovery showed wide variability. The most effective method 
for increasing carbon recovery without reducing concentrate grade was to increase reaction time in 
the flotation column. 

Oil Shale Development in Morocco Suggested 

The possibilities for oil shale development in Morocco are outlined on page 2-17. Since the 1973 
oil crisis, a great deal of geological, mining, physical and chemical data have been collected on the 
two main oil shale deposits, Timandit and Tarfaya. 

Oil Shale Research in Turkey Reviewed 

Oil shales constitute the second largest solid fuel reserves of Turkey, totaling 5 billion tonnes. To 
date, only the Goynuk and Seyitomer reserves have been characterized in detail. The current 
status of oil shale research in Turkey is summarized on page 2-18. 

Waste Materials of Israeli Combusted Oil Shale Classified as Hazardous in Tests 

Standard batch leaching tests were carried out on waste materials from a fluidized bed pilot plant 
combusting Israeli oil shale. As discussed on page 2-19, trace element levels in the leachates 
comply with United States Resource Conservation and Recovery Act Standards, but because Israel 
uses only drinking water standards, the wastes are defined as hazardous materials. Applying haz-
ardous regulations to oil shale wastes could be crucial for the economics of theft utilization. 
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New Process Developed for Extraction of Alkyl Resorcinols from Kukersite Tar Water 

Research carried out on the processing of Estonian kukersite has resulted in the definition of a 
new process for extracting alkyl resorcinols from the tar water. The new process, as described in 
the article beginning on page 2-20, consists of a two-stage treatment of the incoming phenolic 
water by a mixed extractant. 

New Laws and Regulations Affect Unpatented Oil Shale Mining Claims 

The recently passed Energy Policy Act of 1992 and the Fiscal Year 1993 Appropriations Act for 
the United States Department of the Interior both contain provisions which affect unpatented oil 
shale mining claims. In addition, two proposed regulations regarding restrictions on use and bond-
ing of unpatented mining claims are under consideration by the Bureau of Land Management. 
These laws and proposed regulations, summarized on page 2-23, will greatly alter the methods by 
which oil shale claims may be patented. 

Suncor Inc. Announces Restructuring and Operating Changes 

Suncor Inc. announcedrestructuring and operating changes aimed at reducing the cost of produc- 
ing synthetic crude oil by $5 to $7 per barrel by 1996. These changes are expected to make 
Suncor's costs to produce light synthetic crude oil competitive with some of the lowest exploration 
and development costs for conventional Canadian crude oil. The changes to be made, summarized 
on page 3-1, include abandoning the 25-year-old bucket-wheel excavation system for a truck and 
shovel scheme. 

Syncrude Plans Expansion 

As reported on page 3-2, Syncrude Canada Ltd. is seeking approval from the Alberta Energy 
Resources Conservation Board to increase production from its oil sands plant in Northern Alberta 
by 28 percent. In addition, Syncrude is planning a C$4 billion, 50 percent expansion of its oil sands 
operation near Fort McMurray. 

Imperial to Re-Start Cold Lake Expansion 

After a delay of 4 years, Imperial Oil Ltd. will re-start its heavy oil plant expansion at Cold Lake in 
Alberta, Canada. Production at Imperial's Cold Lake plant is expected to increase from 85,000 to 
91,000 barrels per day in 3 months. As is discussed on page 3-2, production may increase to 
104,000 barrels per day by 1994. 

Agreement Reached on Funding Upgrader Cost Overrun 

Husky Oil Ltd. says that an agreement has been reached on the $190 million additional funding 
required to complete the Bi-Provincial upgrader. The funds will be provided by Husky Oil, the 
Canadian Government and the Government of Alberta. The Saskatchewan Government, the 
fourth member of the joint venture, refused to pay additional costs for the project. The project 
status is reviewed on page 3-3. 

Occidental Joint Venture to Explore Heavy Oil Production In Russia 

Occidental Petroleum Corporation has begun exporting oil from Russia as part of an enhanced oil 
recovery joint venture in Western Siberia. Occidental has a 50 percent interest in the joint venture 
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company, Vanyoganneft, and will market the oil. Further information on the joint venture can be 
found on page 3-6. 

Alberta Makes Changes In Royalty System 

Major changes to Alberta's oil and gas royalty system, as recently announced by Alberta's Premier 
and Energy Minister, are highlighted on page 3-7. The measures are said to represent the most 
significant changes to the oil and gas royalty system in 20 years. 

U.S. Heavy Oil Potential is 1,000,000 Barrels per Day By 2005 

The characteristics and potential of United States heavy oil are discussed on page 3-9. The United 
States has an estimated 100 billion barrels of oil originally in place, which represents a significant 
future source of liquid fuel. With advances in thermal enhanced oil recovery technology, higher oil 
prices, and the means for overcoming current environmental considerations, heavy oil can make a 
substantial contribution to United States crude oil production in the future. 

Ultrashort Radius Radials Show Promise in California Heavy Oil Test 

As discussed on page 3-16, a cyclic thermal application of the Ultrashort Radius Radial System 
(URRS) in California has shown promise for extended completions in reservoirs of heavy oil. The 
URRS is designed to increase the effective weilbore diameter many fold, significantly increasing 
oil production. 

Asphalt Seen as Prime Use for Heavy Crude Residue in Canada 

The use of vacuum residues from heavy crude oils for asphalt production, and a comparison of the 
quality of various asphalts are discussed on page 3-17. The quality of paving asphalts strongly 
depends on the type of crude oil used for their production. Tests run on asphalt produced from 
Uoydminster heavy crude oil residues indicate good resistance to plastic deformation, thermal 
cracking, and aging. 

Borehole Mining Tests Unsuccessful at Cold Lake, But May Hold Promise for Athabasca 

The status of field tests of borehole mining in the Cold Lake and Athabasca deposits of Alberta, 
Canada are discussed on page 3-20. Two pilot operations at Cold Lake showed that borehole min-
ing is not an economic approach for producing the reservoir. Two field tests at Athabasca showed 
enough promise to justify future pilot work. 

Chinese Heavy Oil Prospects Reviewed 

Heavy oil reservoirs in China are scattered, complex and have different characteristics. Chinese 
engineers have established 10 technologies for heavy oil recovery and are in the process of 
developing techniques to produce "special heavy oil" and bitumen. The current state of Chinese 
heavy oil development is summarized on page 3-26. 

British Gas Wraps Up Operation of the BGL Gasifier 

At the end of 1991 British Gas completed the development and demonstration work on the BGL 
gasifier at Westfield, Scotland. The last test phase involved a 200-ton-per-day gasifier operating at 
70 atmospheres pressure. The article on page 4-1 gives a brief historical review of the operations 
at Westfield.
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IGT MILDGAS Process to be Tested at 24 Tons Per Day 

Kerr-McGee Coal Corporation is the primary sponsor of a 24-ton-per-day pilot plant to 
demonstrate the IGT MILDGAS process. The project, reviewed on page 4-2, will produce both 
liquid and solid products. 

ENCOAL Project Moves to Operational Phase 

The ENCOAL mild coal gasification project, selected for funding in the third round of the United 
States Department of Energy (DOE) Clean Coal Technology demonstration program, has been 
given the authorization to proceed with full-scale operation. See page 4-4. This indicates that the 
process has successfully met its pre-operation goals, and is ready to begin a planned 2-year test 
period. During a 36-hour test run in June, the plant produced specification-grade products. 

Lakeside Project Will Highlight Combustion Engineering Gasifier 

Combustion Engineering Inc. recently received approval from the United States Department of 
Energy to proceed with the design of a $270 million integrated coal gasification combined cycle 
repowering project with City Water, Light and Power in Springfield, Illinois. The project, 
described on page 4-5, will demonstrate a gasification system specifically designed for use by the 
electric utility industry. 

ThennoChem and K-Fuel Processes Pursue Joint Development 

ThermoChem Inc. and K-Fuels Partnership will pursue a joint development project that integrates 
two clean coal technologies, PulseEnhanced Coal Gasification and the K-Fuel process, in a 
mutually beneficial technology exchange. The total estimated cost for the clean coal plant is 
$88 million. The two processes involved in the project are described on page 4-8. 

Combined Mild Gasification and PFBC Project Proposed for North Dakota 

Minnesota Power has announced a proposal to build a $330 million, 160-megawatt powerplant to 
demonstrate the integration of two power generation technologies: mild gasification and pres-
surized fluidized bed combustion. A funding proposal has been submitted to the United States 
Department of Energy (DOE) requesting $146 million in Round V of DOE's Clean Coal Technol-
ogy Program. Details of the project are summarized on page 4-10. 

Cordero Mining Drops Carbondry Process 

Cordero Mining Company, the sponsor of one of the nine projects selected in the fourth round of 
the United States Department of Energy Clean Coal Technology Program, has withdrawn its 
proposal to demonstrate the CarbonTech Carbondry coal-drying process. As discussed on 
page 4-11 a recent feasibility study indicated that while the project would be a successful 
demonstration of the technology, the coal drying plant would be unlikely to operate profitably in 
the near future. 

Pinon Pine Project to be First Commercial Test of KRW Process 

Sierra Pacific Power Company (SPP) plans to build an integrated coal gasification combined cycle 
80 megawatt powerplant, called the Pinon Pine Power Project, at SPP's Tracy powerplant site in 
Nevada. The project was selected by the United States Department of Energy for funding under 
the fourth round of the Clean Coal Technology Program. The government will fund approximately 
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$135 million of the expected total cost of $270 million. A project description is presented on 
page 4-12. 

Engineering of Wabash River Gasification Project to be Completed in 1993 

Detailed engineering for the Wabash River Coal Gasification Repowering Project is scheduled to 
be completed in 1993. The project, described on page 4-14, will use Destec Energy's coal gasifica-
tion process. Construction is scheduled to begin in early 1993, with startup in 1995. 

Negotiations Completed for Air Products Coal-to-Methanol Project at Cool Water 

Air Products and Chemicals has completed negotiations for Clean Coal Technology Program fund-
ing for a coal-to-methanol demonstration at the Cool Water gasification combined cycle 
demonstration plant in California (page 4-14). The project will demonstrate the liquid phase 
methanol synthesis process at a scale of 150 tons per day. 

Energy and Environmental Research Center to Form Coal Briquetting Consortium 

As discussed on page 4-17, the University of North Dakota's Energy and Environmental Research 
Center (EERC) is planning to establish the Coal Agglomeration Consortium to increase coal 
development and utilization by applying advanced coal briquetting techniques as part of an overall 
coal agglomeration strategy. The funding for the consortium is expected to be matched equally by 
client members and a jointly sponsored program which is offered by the EERC utilizing Depart-
ment of Energy funds. 

IGCC Plants Still Need Cost Reductions to be Competitive 

Large integrated gasification combined cycle (IGCC) projects around the world are subsidized by 
governmental organizations because the technology is not yet truly competitive. For coal gasifica-
tion to become the preferred alternative in the marketplace, capital costs must be reduced, ef-
ficiency improved and the ability to minimize emissions at lower cost maintained. An article on 
page 4-19 reviews what is needed to accomplish the commercialization of IGCC technology. 

Alaska Coal-Water Fuel Seen Competitive with Heavy Oil in Japan 

In the past decade, the use of Coal-Water Fuel (CWF) has been demonstrated in a number of 
commercial boilers. Advances in coal cleaning and combustion technologies have occurred in 
parallel with the development of CWF, complementing each other by permitting the range of 
coal-based energy options to be extended to include CWF as a direct replacement for oil. The 
potential market for CWF, discussed on page 4-22, looks promising in Japan. 

Coal Gasified in Catalytic Draft-Tube Spouted Bed Reactor 

Researchers at Kagoshima University in Japan have proposed a draft-tube spouted bed reactor as 
a catalytic coal gasifier to produce hydrogen. The apparatus is described on page 4-25. Ex-
perimental data suggest that the gasifier is superior for producing hydrogen. 

Carbon Black From Coal Looks Feasible in Lab Tests 

Historically, commercial carbon black has not been produced from coal because of the high ash 
content in coal. By controlling the temperature, oxygen to coal ratio, and coal particle size, com-
mercial purity carbon black was successfully produced from coal under laboratory conditions. The 
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experimental results and preliminary economics of generating carbon black from coal are dis-
cussed on page 4-27. 

Lignite-Derived Char Could Control Toxic Emissions From Waste Combustors 

As discussed on page 4-31, consistently low levels of air toxics in flue gases can be achieved by ad-
sorption processes using coal char or activated carbon. An advanced flue gas treatment system has 
been developed by Stadtwerk Dusseldorf AG, which directs the exhaust from a spray dryer and 
particulate control system through a bed of lignite char, removing almost all traces of mercury, 
dioxins, furans, and other heavy metals. 

LNG Portion of Mossel Bay Synfuel Project to Meet New Operating Requirements 

The Mossel Bay LNG plant was designed both as a backup system for an onshore refinery in the 
event of an offshore gas production shutdown and as a peak-shaving system during planned main- 
tenance on the downstream Synthol reactors. Thus, the plant has to fulfill two different operating 
modes for send-out: a 100 percent maximum supply backup mode and a 3.7 percent turndown 
peak-shaving mode. Details of the Mossel Bay Synthetic Fuels project are summarized on 
page 5-1. 

Public Service of Colorado to Write Off Investment in Synhytech Plant 

Public Service Company of Colorado recently announced that it is trying to sell its 2-year-old 
Synhytech pilot plant in Pueblo, Colorado. As noted on page 5-2 this pilot plant is an experimental 
effort to convert methane from landfills into diesel fuel. Public Service says the technology has 
potential, but does not fit with the new direction the company is taking. 
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GOVERNMENT 

UNITED STATES PASSES COMPREHENSIVE ENERGY 
BILL 

After nearly 2 years of negotiation, the United States Con-
gress has passed a comprehensive energy bill. The Energy 
Policy Act of 1992 was signed by President Bush on 
October 24. The final bill incorporates elements of both the 
House and Senate versions of the bill, but lawmakers had to 
compromise on a number of proposed measures and some 
measures were eliminated entirely. 

In order to reach agreement on the final bill, two of the most 
controversial measures had to be thrown out. One of the 
deleted provisions was the proposal to raise the Corporate 
Average Fuel Economy standards; the other proposal would 
have opened the coastal area of the Arctic National Wildlife 
Refuge in Alaska to oil and gas leasing. One controversial 
measure that survived a filibuster threat in the final hours 
sites a national repository for high-level nuclear waste in 
Nevada's Yucca Mountain. 

When it was all over, environmentalists complained that the 
bill was too weak to be truly effective and expressed par-
ticular concern over the Yucca Mountain provision. 
Meanwhile, oil industry representatives were unhappy that 
the bill does little to encourage domestic energy production 
even though it does grant $1 billion in tax relief over the next 
5 years to independent oil and gas drillers. 

Preliminary estimates from the Department of Energy 
(DOE) are that the Act will cut United States energy 
demand 6 percent by the year 2010 and boost the use of alter-
native fuels in 2010 by 50 percent from currently projected 
levels. Secretary of Energy J.D. Watkins says, This legisla-
tion will create hundreds of thousands of jobs and increase 
our gross domestic product by over $500 billion." 

Some estimates are that provisions in the Act will raise fees 
and taxes by about $5 billion over 5 years, while these in-
creases will be offset by about $4 billion in tax cuts for the 
energy industry and consumers. 

According to DOE, the Act has the potential to reduce oil 
imports by about 4.7 million barrels per day by the year 2010. 
This represents a one-third cut in the projected level of 
petroleum imports. Over the next 15 years, it is estimated 
that provisions in the Act will result in a positive contribu-
tion to the United States balance of trade amounting to 
about $400 billion (in 1990 dollars). 

The Act also is projected to provide substantial energy cost 
savings for consumers. United States electricity consumers 
will save about $250 billion over the next 15 years—an 
average savings of about $750 per household, says DOE.

Increased conservation and energy efficiency by government, 
industry and consumers are projected to reduce the United 
States' cumulative energy demand by the equivalent of about 
8 billion barrels of oil between now and the year 2010. 

While the main focus of the Act is on energy conservation 
and efficiency, alternative fuels, and renewable energy tech-
nologies, there are a number of provisions for coal, oil and 
natural gas. 

Coal 

Title XIII of the Act establishes a 5-year research, develop-
ment, demonstration and commercial application program 
for coal. The goals of the program include: 

- Complying with environmental requirements 

Achieving the control of sulfur oxides, oxides of 
nitrogen, air toxics, solid and liquid wastes, and 
greenhouse gases resulting from coal use or conver-
sion using high efficiency technologies 

Achieving the cost competitive conversion of coal 
into energy forms for the transportation sector 

Denionstrating coal conversion to synthetic 
gaseous, liquid and solid fuels 

Demonstrating coal-derived fuels in mobile equip-
ment 

Ensuring commercial application of such tech-
nologies by 2010 

This is a cost-share program similar to the Clean Coal Tech-
nology Program where the federal share is repaid to the 
government when the technology is successfully commercial-
ized. 

Specific areas of research targeted by the Act include 

- Coal-fired diesel engines 

- Coltring coal and used vehicle tires in fluidized bed 
combustion units 

- Combined gasification of coal and municipal sludge 
using integrated gasification combined cycle tech-
nology 

- Creation of fuel pellets combining coal and solid 
waste

- 
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- Cofiring waste methane from coal mines in 
fluidized bed combustion units 

- Coal treatment processes, such as solvent extrac-
tion techniques that produce low-ash, low-sulfur, 
coal-based chemical feedstocks 

- Coal refineries to produce clean-burning transporta-
tion fuels, compliance boiler fuels, fuel additives, 
lubricants and chemical feedstocks 

- Coal bed methane recovery 

- Underground coal gasification 

- Low-rank coat research and development 

- Oil substitution through coal liquefaction 

In fiscal year 1993, the Act authorizes funding of 
$278.1 million for these research programs but the funding 
level for fiscal years 1994 through 1997 is not specified. 

Title XIII also encourages the Secretary of Energy to con-
sider conducting additional solicitations for the Clean Coal 
Technology Program. Other provisions seek to expand the 
export and use of clean coal technologies. 

Under the Innovative Clean Coal Technology Transfer 
Program established by the Act, within 1 year DOE will 
solicit proposals from United States firms for projects 
designed to develop foreign markets for United States tech-
nologies and introduce United States firms and expertise in 
foreign countries. Over the next 6 years beginning in 
FY 1993, the Act authorizes $100 million per year to arty 
out this program. 

Oil 

Title XIV of the Act expands the Strategic Petroleum 
Reserve to 1 billion barrels of oil as rapidly as possible.' At 
least 750 million barrels of the reserve are required to be 
stored in facilities owned by the United States. 

Title XIX of the Act extends the tax credit, known as 
Section 29, relating to the production of fuels from noncon-
ventional sources. The extension applies to certain facilities 
placed in service before January 1, 1997. 

Title XX directs the Secretary of Energy to conduct a 5-year 
program to increase the recoverability of domestic oil 
resources through the improvement and development of 
enhanced oil recovery (EOR) technologies. DOE will solicit 
proposals for EOR projects within 1 year. Funding for the 
program is set at $57.2 million in FY 1993 and $70 million in 
FY 1994.

Oil Shale 

Also under Title XX, DOE is directed to conduct a 5-year 
program on oil shale extraction and conversion, including 
research and development on both Eastern and Western 
shales. Funding appropriated for this program is 
$5.25 million in FY 1993 and $6 million in Pt' 1994. 

The goals established for the oil shale program include: 

- Developing economically competitive and environ-
mentally acceptable technologies to produce liquid 
fuels from oil shale 

- Developing environmentally acceptable oil shale 
waste disposal technologies 

- Increasing knowledge of the chemistry and kinetics 
of oil shale retorting 

- Design and scaleup of oil shale extraction and con-
version technologies 

- Improving techniques for oil shale mining systems 

The Western Oil Shale Program calls for the establishment 
of at least one field testing center for oil shale technologies. 
The Secretary is directed to consider sites with existing oil 
shale mining and processing infrastructure and facilities. 

Title XXV of the Act contains provisions for patenting oil 
shale claims. By year-end, all holders of unpatcnted oil shale 
mining claims will be notified by registered mail of the re-
quirements of the Act. Newly issued patents will be limited 
to the oil shale, while title to the surface and all other 
minerals will remain with the federal government. 

Claim holders must make an election to either file for a 
patent or to maintain the unpatented claim within 180 days 
of the notice. Failure to file the notice of election will con-
stitute an abandonment of the claim. 

A claim holder who elects to maintain an unpatented claim 
is no longer required to perform annual labor. Instead, the 
claim holder must pay an annual fee of $550 per claim. 

Tar Sands 

Title XXX directs the Secretary of Energy, in consultation 
with the Secretary of the Interior, to conduct a study to iden-
tify and evaluate the development potential of sources of tar 
sands in the United States. Due within 1 year, the study will 
include processes for extracting oil from tar sands including 
existing tar sands waste tailings. It will also evaluate the en-
vironmental benefits of, and the potential for coproduction 
of minerals and metals from, such processes. 
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Natural Gas 

Under Title XX, within 1 year DOE will solicit proposals for 
projects aimed at increasing the recoverable natural gas 
resource base. This 5-year program includes: 

- More intensive recovery from discovered conven-
tional resources 

- Extraction from tight gas sands and Devonian 
shales or other unconventional sources 

- Surface gasification of coal 

- Recovery of methane from biofuels including 
municipal solid waste 

Another 5-year program is established to focus on cofiring 
natural gas with coal in utility and large industrial boilers in 
order to determine optimal natural gas injection levels. 

A third 5-year program is aimed at natural gas end-use tech-
nologies including: 

- Stationary source emissions control and efficiency 
improvements including combustion systems, in-
dustrial processes, cogeneration and waste fuels 

- Natural gas storage 

NEW SBIR SOLICITATION COVERS ALTERNATIVE 
FUELS 

The United States Department of Energy (DOE) has invited 
small business firms to submit grant applications under its 
eleventh annual solicitation for the Small Business Innova-
tion Research (SBIR) program. This year the amount of 
funding available per project has been substantially in-
creased. 

Objectives of this program include stimulating technological 
innovation in the private sector, strengthening the role of 
small business in meeting federal research and development 
(R&D) needs, increasing the commercial application of 
DOE-supported research results, and improving the return 
on investment from federally funded research for economic 
and social benefits to the United States, 

Under Phase I, DOE anticipates making approximately 
160 grant awards during fiscal year 1993 to small businesses 
in amounts up to $75,000 for a project period of about 
6 months. Phase I is to evaluate, insofar as possible, the 
scientific or technical merit and feasibility of ideas submitted 
under the SBIR program. The grant application is supposed

to concentrate on research that will contribute to proving 
scientific or technical feasibility of the approach or concept 
and would be a prerequisite to further DOE support in 
Phase H. 

Phase H awards are expected to be made during fiscal 
year 1994 to firms with approaches that appear sufficiently 
promising as a result of the Phase I effort. Phase II grant 
awards are expected to be in amounts up to $500,000 and to 
cover a period of up to 24 months. It is anticipated that one-
third to one-half of Phase I awardees will receive Phase II 
awards, depending on Phase I results and availability of 
funds. 

Under Phase III, it is intended that non-federal capital be 
used by the small business to pursue commercial applications 
of the R&D. Also, under Phase HI, federal agencies may 
award non-SBIR funded follow-on grants or contracts for 
products or processes that meet the mission needs of those 
agencies. 

A selected listing of technical topics for this solicitation is 
described below. A number of these topics include processes 
for producing, improving and enhancing utilization of alterna-
tive fuels. 

Hot Gas Stream Cleanup 

Removal of contaminants from hot gas streams fed to 
downstream equipment is essential to successful develop-
ment of advanced coal utilization and conversion processes. 
Contaminants of interest are particulates, nitrogen, sulfur, 
alkali, halogen, tar compounds, and trace air toxics (both or-
ganic and inorganic). There is interest in developing innova-
tive, effective, and economic processes for high temperature 
cleanup devices for coal-fueled gas turbines, fuel cells, pres-
surized fluid-bed combustion systems, unconventional fuels, 
and coal to liquid conversion by catalytic synthesis. 

Waste Management 

Grant applications are invited to initiate or advance the 
development of novel uses for coal-derived residues, espe-
cially for the wastes from advanced coal combustion or con-
version technologies. Grant applications are sought that ad-
dress utilization of the residues from the sulfur capture 
wastes produced in fluidized-bed combustion, limestone in-
jection multistage burners, advanced flue gas cleaning, or 
gasification processes. These wastes typically have free lime 
or slaked lime mixed with coal ash and have a high pH 
which, if the waste is landfilled, may result in increased dis-
posal costs. 

Magnetohydrodynamics (MHD) 

The ultimate commercial realization of MHD power genera-
tion, an advanced method of generating electrical power that 
is both more efficient and less environmentally intrusive than 
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a conventional coal-fired utility plant, could be accelerated 
by the development of advanced high temperature materials 
and new instrumentation, and by innovative MHD ap-
proaches that could advance the understanding of complex 
MMD electrodynamic and gasdynamic phenomena. 

Grant applications are sought for (1) the development of ad-
vanced materials, including novel composites of ceramics, 
metals, and ceramics/metals, that would resist corrosion and 
erosion, thereby enhancing the operability and reliability of 
MMD system components, e.g., electrodes, insulators, high 
temperature oxidizer heater elements, etc.; and (2) innova-
tive MMD systems and the special ancillary equipment and 
instrumentation needed for the operation of such systems 
that could accelerate the understanding and overall develop-
ment of MMD. 

Coal-Based Mixtures 

Coal-based mixtures can be formulated into fuels that have 
the potential to replace oil and gas in the utility, industrial, 
commercial, and residential market sectors. Beneficiated 
coal or the solid products of coal conversion processes may 
be transported, stored, and burned in a liquid suspension. 
Water, alcohols, coal-derived liquids, and combinations 
thereof, in conjunction with stabilizing agents, are examples 
of fluids used to obtain stable suspensions. 

Grant applications are sought for the utilization of coal-
based mixtures. Areas of interest include achieving a better 
understanding of coal surface chemistry and mixture rheol-
ogy and providing for high solids loading, efficient atomiza-
tion, or a more predictable mixture behavior from the 
standpoints of stability and controlled viscosity over ex-
tended time periods, without the need for constant monitor-
ing and control. Grant applications are also sought that will 
improve the high-shear rheology of coal-based mixtures or 
investigate techniques, equipment, or additives that will im-
prove atomization. Depending on the specific application, 
the mixture can contain beneliciated or highly beneficiated 
coal or the products of coal conversion processes, and the 
size distribution of the solids should be at least as fine as con-
ventional pulverized coal (70 percent less than 74 microns). 

Advanced Concepts for Transportation and Utilization of 
Natural Gas 

Grant applications are invited for research on advanced con-
cepts for economic transportation and utilization of natural 
gas, and its conversion to liquid fuels. The techniques 
sought for natural gas transportation or utilization include 
methodologies for recovering, utilizing, and transporting 
natural gas (including subquality or low-quality natural gas) 
from remote locations; and systems studies for optimizing 
natural gas utilization at the wellhead or for reducing costs 
to the ultimate user of natural gas acquisition. The tech-
niques sought for natural gas conversion to liquid fuels in-
dude catalytic and noncatalytic processes. In all processes,

yield and selectivity trade-offs must be considered. Further-
more, the interest is in simplified processes for producing 
specialty chemicals or higher value hydrocarbons directly, 
and new or improved separation techniques to remove 
desired products from unconverted feedstock. 

Advanced Coal Gasification Systems for Power 

Grant applications are sought for concepts to improve the 
net plant efficiency, reduce the cost, and enhance the en- 
vironmental performance of power systems based on full or 
partial coal gasification. Areas of interest include: (1) novel 
systems for the clean and efficient combustion of coal gas, 
(2) systems to decompose ammonia in high-temperature coal 
gas streams, (3) low-pressure-drop flow control systems for 
high-temperature coal gas streams, (4) innovative high-
temperature sorbents and systems for coal gas desulfuriza-
tion, (5) technologies to produce commercial sulfur 
byproducts in conjunction with such high-temperature desul-
furization systems, and (6) systems for the monitoring, 
characterization, and control of air toxics in coal gasification 
systems. 

High Performance Fuel Cell Systems 

Fuel cells are expected to offer a high conversion of fuel to 
electricity when the technology matures. Grant applications 
are sought for lowering the costs of fuel cells, improving the 
systems integration, and improving the resistance of the fuel 
CCU components to gas stream contaminants. All fuel cell 
technologies will be considered. 

Recovery of Heavy Oil 

A major problem area in steam injection processes is low-
reservoir sweep efficiency. Grant applications are sought on 
novel techniques for steam processes to (1) improve the ef-
fective sweep of the reservoir during steam injection by 
reducing the effects of overriding gravity segregation, insuffi-
cient mobility control, and heterogeneities, or (2) recover the 
remaining oil left in the lower part of the reservoir after 
steam injection has been terminated. 

Syncrude from Oil Shales and Recovery Effectiveness in 
Tar Sands Reservoirs 

Innovative research can enhance process economics by 
providing improvements to present technical approaches. 
Improvements can be made in the entire oil shale process 
which can be broken down as follows: (1) mining and 
material handling, (2) retorting/extraction, and (3) 
upgrading/refining. Grant applications are sought on 
methods to reduce the costs of mining, material handling, 
size reduction, and spent shale utilization or disposal. 

The conventional method of converting the kerogen in the - 
raw shale to oil is pyrolysis. Grant applications are invited 
on alternative cost effective approaches to kerogen conver-
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sion which minimize the production of gas and residual or-
ganic carbon (char) and maximize the production of oil. 
Grant applications are sought on novel methods of removing 
nitrogen, arsenic, and iron from raw shale oils. Also invited 
are grant applications on the removal of shale fines from the 
raw shale oil, methods of minimizing hydrogen consumption 
in the upgrading/refining of raw shale oil, methods of 
enhancing the value of raw shale oil, and determining low 
cost methods for generating hydrogen for Eastern oil shale 
hydroretorting. 

The most difficult problems in the recovery of tar sands 
bitumen from reservoirs through the use of injected fluids 
are (1) low displacement efficiency and (2) low volumetric 
sweep efficiency (areal and vertical) when a low-miscibility 
fluid, such as steam in steam flooding or air in in situ combus-
tion, is used. Grant applications are sought on novel tech-
niques for reservoir heat application, establishing and main-
taining communication, and new approaches, such as a com-
bination of steam flooding, steam flooding with additives, in 
situ combustion, and other innovative processes, to ac-
complish more effective displacement and recovery of the 
heated or otherwise mobilized bitumen. New ideas are also 
being sought for surface extraction processes to recover and 
upgrade tar sand bitumen. Processes, techniques, and 
methods are being sought that reduce mined material han-
dling and bitumen recovery and upgrading costs and that 
also embody environmentally acceptable waste disposal prac-
tices. Grant applications are invited on innovative ap-
proaches to advance resource utilization and cost-effective 
process research and development. 

Advanced Coal Liquefaction 

Grant applications are sought on advanced concepts in the 
conversion of coal to liquids in the following areas: (1) novel 
catalysts or reaction chemistry to remove oxygen in the initial 
stages of direct coal liquefaction with minimal or reduced 
hydrogen consumption; (2) pre-conversion processing to min-
imize the occurrence of condensation/retrogressive reactions 
during the initial reaction stages of coal liquefaction; and (3) 
the use of well dispersed (disposable) catalysts to promote 
more efficient conversion reactions. 

Coal oil coprocessing of heavy oil and coal is a promising 
technique. Grant applications are sought for (1) a better 
understanding of the chemistry of interaction between the 
residue and the coal, or (2) improvements in demetallization 
of the crude or residuum. 

Indirect coal liquefaction technologies produce hydrocarbon 
fuels, e.g., gasolines, diesel, and aviation; oxygenated fuels, 
e.g., alcohols and ethers; and chemical intermediates, e.g., 
solvents and gasoline octane enhancers. The DOE would 
like to develop novel catalyst systems to improve the reaction 
process.

In this area the DOE is also interested in new or advanced 
concepts for Fischer-Tropsch and oxygenates synthesis reac-
tions. The emphasis is in the area of process cost reduction 
using innovative process chemistry, new reactor concepts, 
new catalysts, and new biological approaches. Incremental 
improvements on conventional processes are not of interest. 

Grant applications are invited in areas related to the inves-
tigation of the chemical reaction and catalysts that contribute 
to the advancement of indirect coal liquefaction tech-
nologies. 

Liquid, Solid, and Gaseous Products from Coal Gasification 

Grant applications are sought for innovative processes for 
the production of liquid and solid products from mild coal 
gasification. Potential approaches include: (1) novel process 
concepts to improve the efficiency and economics for produc-
tion of coproducts from coal, (2) process concepts to im-
prove the quality and value of coproducts, (3) novel devices 
for in-process characterization of liquid/solid products, (4) 
improved devices for the collection and separation of liquid 
and solid products, and (5) innovative processes to upgrade 
liquids and solids to higher value commercial products. 

Grant applications are also sought for the production of 
hydrogen and synthesis gas from coal gasification. In 
hydrogen production, areas of interest include: (1) advanced 
low-oxygen concepts for gasification of coal or char to maxi-
mize hydrogen production while minimizing carbon dioxide 
formation and (2) improved systems for bulk separation of 
hydrogen or carbon dioxide from coal gas streams. 

flit 

DOE SELECTS PROJECTS FOR PHASE II SBIR 
RESEARCH GRANTS 

The United States Department of Energy (DOE) has 
selected a number of fossil energr-related projects for fund-
ing under Phase Ii of its Small Business Innovation Research 
(SBIR) program. The awards will average about 
$490,000 each for a 2-year period. 

Out of a total of 66 projects awarded funding, the 17 having 
some relationship to fossil energy and synthetic fuels are 
listed below. 

Engineering Resources, Inc.: Bioconversion of Coal Syn-
thesis Gas to Fuel Oxygenates 

Aquatech Services, Inc.: A Brine Disposal Process for 
Coalbed Gas Production 

INSITEC, Inc.: In Situ Measurements of Particulates from 
Magnetohydrodynamic Combustion Processes 
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Stamct, Inc.: An Advanced Coal Metering and Injection 
Device for Pressurized Fluidized-Bed Combustion Systems 

Advanced Fuel Research, Inc.: In Situ Fourier Transform 
Infrared Diagnostics for Coal Liquefaction 

Eltron Research, Inc.: Spontaneous Natural Gas Oxidative 
Dimerization Across Mixed Conducting Ceramic 
Membranes 

Busek Company, Inc.: Ceramic/Metal Elements for the 
Sidewalls of Magnetohydrodynamics Generators 

ICET Technologies, Inc.: Macrocyclic Redox Promoters for 
Methanol Oxidation 

LSR Technologies, Inc.: Particulate Control for Coal-
Fueled Diesel Engine Exhaust 

Process Technology, Inc.: Improving Centrifugal, Density-
Based Separations for Laboratory Coal Liberation Studies 
and Continuous Coal and Mineral Processing Applications

TPL, Inc.: Development of a Multiple Fracture Creation 
Process for Stimulation of Horizontally Drilled Wells 

Bend Research, Inc.: A Catalytic Membrane Reactor for 
Facilitating the Water-Gas Shift Reaction at High Tempera-
ture 

Bend Research, Inc.: A Membrane Process for Hot-Gas 
Cleanup and Decomposition of Hydrogen Sulfide to Elemen-
tal Sulfur 

Bend Research, Inc.: Development of Hollow-Fiber 
Modules for the Purification of Natural Gas 

Quest Integrated, Inc.: A Motorless Directional Drill for Oil 
and Gas Wells 

Quest Integrated, Inc.: Development of an Abrasive-
Wateijet Deep Hole Drilling System 

Quest Integrated, Inc.: A Low-Cost Offshore Drilling Sys-
tem for Natural Gas Hydrates 
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ENERGY POLICY AND FORECASTS 

BP REVIEW OF WORLD ENERGY NOTES SLIGHT 
INCREASE IN ENERGY CONSUMPTION 

The increase in world energy consumption from 1990 to 1991 
was only about 1 percent. According to the British 
Petroleum Company (BP), this low growth rate in energy 
demand and a similarly low growth rate in 1990 underline 
the effect of the global recession in the industrialized 
countries and the political and economic restructuring in 
Eastern Europe and Asia. 

On the other hand, says B?, the lesser developed countries 
continued to experience high energy growth rates, averaging 
43 percent. Particularly steep increases were recorded in 
the industrializing Asian countries. 

The "B? Statistical Review of World Energy" reports that 
worldwide energy consumption has grown in line with popula-
tion, although North America's energy consumption per 
capita remains far higher than that of any other region. 

Oil 

The oil market in 1991 was dominated by the events in the 
Middle East. As a result of the military operation to liberate 
Kuwait, regional oil supplies and prices fluctuated dramati-
cally. For a brief period in the third quarter of 1990, oil 
prices surged to $40 per barrel. Overall, oil prices fell in

1991 by about $4 per barrel. The average price was $20 per 
barrel compared to $24 per barrel in 1990. 

World oil consumption was stagnant in 1991. Strong growth 
in the lesser developed countries and moderate growth in the 
European Community and Japan was offset by lower 
demand in North America. Economic reforms in Central 
Europe led to a steep decline in oil consumption in those 
countries. 

Table 1 gives world oil consumption by region; the last line 
of the table shows oil consumption by the Lesser Developed 
Countries (LDC5). 

Asia continued to be the world's fastest growing region for 
oil consumption. Within the Asian region, South Korea had 
the highest growth rate of 15.7 percent. Nevertheless, B? 
says the growth rate of energy demand in the Asian countries 
has shown some signs of slowing down from the average rate 
of the past 5 years. 

Table 2 shows world oil production by region; the last line of 
the table gives the production figures for OPEC. As shown, 
total world oil production fell slightly in 1991, by 0.8 percent. 

Output from the Middle East was down by 450,000 barrels 
per day. The nearly total loss of production from Kuwait 

TABLE 1 

WORLD OIL CONSUMPTION 
('Fhousands of Barrels per Day)

1991 
Change 1991 Share 

1981 1985 1989 1990 1991 Over 1990 of Total 

United States 15,550 15,170 16,610 16,310 16,180 -0.9% 24.6% 
Canada 1,760 1,490 1,735 1,685 1,625 -3.8% 2.4% 
Latin America 4,785 4,700 5,175 5,300 5,380 +11% 8.0% 
OECD Europe 13,110 12,145 12,890 13,125 13,340 +1.6% 20.1% 
Non-OECD Europe 11,080 10,775 10,725 10,325 9,805 4.9% 15.5% 
Middle East 2,130 2,680 2,805 3,060 3,115 +1.8% 4.9% 
Africa 1,525 1,725 1,930 2,000 2,045 +13% 3.1% 
Asia & Australasia 10,280 10,425 12,825 13,510 14,055 +3.9% 21.4% 

Total World 60,220 59,110 64,695 65,315 65,545 +01% 100.0% 
(LDC5 13,315 14,425 16,975 17,885 18,520 +3.4% 28.4%)
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TABLE 2 

WORLD OIL PRODUCTION 
('Thousands of Barrels per Day) 

1991 
Change 1991 Share 

1981 1985 1989 1990 1991 Over 1990 of Total 

United States 10,180 10,545 9,160 8,915 9,025 +1.0% 13.6% 
Canada 1,610 1,810 1,960 1,970 1,975 +0.2% 3.0% 
Latin America 6,300 6,700 7,110 7,605 7,845 +5.0% 12.6% 
OECD Europe 2,640 3,960 3,975 4,120 4,400 +6.8% 6.8% 
Non-OECD Europe 12,770 12,375 12,680 11,910 10,735 -9.9% 17.0% 
Middle East 16,015 10,900 16,565 17,235 16,785 -2.7% 26.2% 
Africa 4,980 5,390 6,030 6,525 6,875 +5.5% 10.5% 
Asia & Australasia 4,910 5,785 6,330 6,535 6,590 - 10.3% 

Total World 59,405 57,465 63,810 64,815 64,230 -0.8% 100.0% 
(OPEC 23,390 17,340 23,405 24,760 24,835 +0.2% 38.6%)

and Iraq was largely offset by increased production from the 
rest of the region, particularly from Saudi Arabia. 

Oil production continued to decline in non-OECD 
(Organization for Economic Cooperation and Development) 
Europe, with output from the former Soviet Union falling by 
9.7 percent, or over 1.1 million barrels per day. This 
decrease was offset by increased production from the OECD 
countries, Africa and Latin America. The world reserve-to-
production ratio has fallen slightly (Figure 1, nat page). 

Coal 

Worldwide coal demand decreased by 0.7 percent with the 
most severe declines seen in non-OECD Europe. Consump- 
tion in the former Soviet Union fell by 9.7 percent. 
However, at current levels of proven reserves and produc-
tion, global coal reserves will last twice as long as the com-
bined reserves of oil and natural gas. 

In the United States, coal consumption decreased by 
0.6 percent, while in Canada coal consumption saw a 
3.7 percent increase over 1990 levels. 

Natural Gas 

Natural gas continued to gain market share in 1991, says B?. 
Total world production of natural gas rose by 2.2 percent. 
Gas production in the LDCs increased by 6.2 percent while 
gas consumption in these countries increased by 7.1 percent. 
Thus, gas replaced some of the other fuels and also met 
some of the incremental demand, particularly in the power 
sector.

Natural gas consumption in the United States increased by 
4.4 percent in 1991, while in Canada the increase in consump-
tion was 2.9 percent over 1990 levels. According to B?, gas 
consumption in North America is being affected by inter-fuel 
competition, rising gas prices and recessionary influences. 

The world reserves-to-production ratio has been maintaining 
a fairly constant value (Figure 2, page 10). 

Natural gas consumption in Latin America increased by 
7.1 percent, with the largest increase recorded in Maico at 
91 percent. 

According to B?, the 6.8 percent increase in natural gas con-
sumption in OECD Europe was partially the result of 
climatic conditions.

#n 

MIT STUDY CONCLUDES THAT OIL PRICE 
FORECASTS ARE BIASED ON HIGH SIDE 

In the late 1970s, nearly every oil market forecast projected 
higher oil prices, predicting a range of $45 to $90 per barrel 
in 1990, and having a mean of about $65 per barrel. (All 
prices are in 1990 U.S. dollars). Throughout the 1980s, the 
consensus was that prices would rise and that non-OPEC 
supply had reached or neared its peak, whereas in reality, 
prices fell and non-OPEC supply rose, albeit not very 
smoothly.
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M.C. Lynch discussed the reliability of long-term oil market 
forecasting in a paper presented at the International Energy 
Workshop held in June at Harvard University. 

Before the late 1970s, the expectations for future oil markets 
were very different. Flat prices were commonly assumed 
before 1973, and early studies after the 1973/1974 oil price 
shock predicted lower prices, a partial regression to pre-1973 
levels. Significantly higher production was expected even for 
the United States, the world's most mature oil province, by 
both the OECD's first comprehensive energy forecast and 
the United States Government's Project Independence. 

The shift to Malthusian expectations apparently began with 
the publication by prominent institutions of studies which 
argued that future oil production was unlikely to be suffi-
cient to meet expected demand at the prevailing price. Sub-
sequently, and particularly after the second oil price shock in 
1979, nearly every study called for tight oil markets and 
higher prices, though often after a few years of weakness. 
Actual events have proved far different. 

According to Lynch, there have been many criticisms of oil 
market forecasting on theoretical grounds, but what is often

overlooked is that nearly every forecast is biased, that is, the 
errors are not randomly distributed, either within a forecast 
or among forecasts. 

A review of the International Energy Workshop (IEW) col-
lection of forecasts yields such a result. As Figure 1 
(page 11) shows, until 1986 only the lowest of the forecasts 
was even close to the actual 1990 price, and then only a few 
years in advance. Indeed, from 1983-1985, only 1 out of 
81 forecasts of the 1990 price was below the actual level, and 
only in 1988 did the mean approach the actual. This, despite 
the fact that many forecasters submitted multiple scenarios. 

What can be repeatedly seen in energy forecasting (including 
United States gas prices, electricity demand, nuclear power, 
Soviet oil exports, etc.) is that the error has been in the slope 
of the forecast, while the correction has been to the 
endpoint. From these data, Lynch concludes that it is an as-
sumed rate of change which drives most forecasts. 

Thus, in 1983, the mean oil price projection surveyed by 
IEW called for an annual average rate of change of 
2.6 percent between 1990 and 2000. In 1990, the rate of 
change was 2.2 percent, nearly identical, despite the fact that 
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the base-year price had fallen by 64 percent. Figure 2 
(page 12) shows the rates of price growth for 1EW and 
United Stated Department of Energy (DOE) forecasts over 
time, compared with price in the year of the forecasts. For 
DOE, both the rate of growth from the initial year and the 
rate of growth from the lowest point are shown. 

Although there is a significant amount of difficulty in making 
forecasts comparable, according to Lynch the pattern is 
clear; throughout the 1980s, the great majority of forecasts 
have been for slight weakness in the near-term price of oil, 
then steady growth on the order of 3 percent per year, even 
while the initial price, expected world oil demand, non-
OPEC supply, and OPEC production, are all changed, often 
dramatically. 

Surprisingly, in these forecasts no variables appear to corre-
late with price expectations. Over the 1980s, both the initial 
values and the trends for the major variables (price, demand, 
OPEC exports) all changed enormously, but the rate of 
change in prices continued to be fairly constant.

Source of the Bias in Forecasting 

According to Lynch, many forecasters subscribe to the no-
tion that the world's petroleum resources are not only Finite, 
but that depletion is strong enough to affect prices in the 
near future, driving them up over the long term. However, 
the fact that forecast annual growth rates fall so unerringly 
near 3 percent is unlikely to be coincidence, and there are 
two possible explanations. One is a belief in the so-called 
if otelling Principle" that mineral prices must rise at the rate 
of interest. A forecaster who believed this would, of course, 
adopt a long-term price path with real annual growth on the 
order of 3 percent. 

But it is not necessary to rely on so deterministic an argu-
ment. In the late 1970s, OPEC's Long-Term Strategy Com-
mittee proposed a price path of annual real price increases 
approximating OECD economic growth, which they 
described as 2.5 percent per year. Thus, a forecaster who 
notes that mineral prices have historically failed to rise at the 
rate of interest could nonetheless argue that the effective ex-
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FIGURE 1 

FORECASTS OF 1990 PRICE OF OIL 
(IEW Survey) 
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ercise of OPEC's oligopoly power would be sufficient to 
yield similar price behavior. The dramatic changes in 
OPEC's power in the last 15 years, however, have not at-
fectcd projections. 

Lynch concludes, predicting long-term oil prices cannot be 
done with anything approaching precision, but conformity to 
basic economic laws can improve the results. A tripling of 
prices should lead to forecasts of moderation or weakness, 
not further increases. This apparently did not occur in the 
1980s because the forecasts were biased: based on the as-
sumption that prices must rise by several percent per year 
regardless of other factors. The underlying assumptions 
have been proven incorrect, and forecasters are now begin-
ning to challenge the consensus, so it appears that long-term 
price stability will become the new consensus. What is 
needed, however, is not blind acceptance of a new conven-
tional wisdom, but better understanding of resource, market 
and political behavior.

NERA AND CERI PROJECT 1993 OIL PRICES OF 
$20 PER BARREL 

In examining the near-term outlook for the oil market, 
analysts are divided into two camps—those who are project-
ing a tightening of the world oil market and sustained price 
increases over the next 12 to 18 months, and a smaller group 
of analysts who project production gains within OPEC and 
weak prices for most of 1993 as global production gains out-
strip demand growth. 

The oil market and price projections contained in the 
Canadian Energy Research Institute's (CERI) Study No. 47 
place CERI firmly in the ranks of the second camp. Near-
term production gains within OPEC—originating largely in 
Iraq and Kuwait—are expected to result in an annual average 
1993 price for West Texas Intermediate crude oil of only 
$19.80 per barrel (US$1991). CERI's projections through 
2007 are summarized in Figure 1. 

According to CERI, prices are expected to show a firming 
trend over the 1994-95 period as accelerated demand growth 
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FIGURE 2 

FORECAST CHANGE IN REAL OIL PRICES
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exceeds additions to OPEC production. This assumes that 
the incremental production capacity being put in place by 
Saudi Arabia, Iran and the United Arab Emirates is not 
pressed into service. After achieving an average price of 
$22.40 (US$1991) per barrel in 1995, CERI predicts virtually 
flat real prices through the remainder of the decade, as 
OPEC follows the policy lead of Saudi Arabia and pursues 
revenue growth through production gains, rather than price 
increases. 

National Energy Research Associates, Inc. (NER.A) 
forecasts that the average price of crude oil delivered to

United States petroleum refineries will average $19.03 
(US$1991) or $20 (US$1993) per barrel during 1993. 

NERA expects that a slow start to the economic recovery 
and the need to accommodate a resumption of Iraqi oil ex-
ports sometime next year may keep oil prices from rising 
very much in 1993, but accelerating economic growth will 
make it easier for OPEC to raise prices during 1994-1995, 
with larger price increases likely during the late 1990s. 
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FIGURE 1 
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TECHNOLOGY 

BOREHOLE MINING NOT SUCCESSFUL TO DATE, BUT 
MAY STILL HAVE POTENTIAL 

A recent article in The Mining Record, by G. Abramov 
made a case for the future of borehole mining. 

Borehole mining applies to a br?ad number of ores; 
uranium, phosphorites, coal, bitumen, base and rare carth 
metals, sand, clay, ooze, and many others. The suitability of 
borehole mining technology for development of a particular 
deposit is dependent on geologic conditions and the physical 
and mechanical properties of the ore and the surrounding 
rock. 

According to Abraxncw, the implementation of borehole min-
ing at each deposit includes the following four principle 
stages:

Determination of the feasibility and viability of 
borehole mining methods for the project. The 
design of a test for operating a single borehole. 

Implementation of the test project. Determination 
of production rates and the economics 
(productivity and mining cost data). 

Design and implementation of a pilot operation 
which includes mining a minimum of two or three 
production boreholes. 

Development and implementation of full-scale 
production (providing a regular supply of ore to 
customers). 

Table 1 presents information on the best known borehole 
mining projects in the former USSR, United States and a 
few other countries, and identifies the stage of 
development/operation reached at the site. Review of the 
information summarized in Table 1 leads to the conclusion 
that borehole mining has not reached Stage 4 of develop-
ment and operation on any of these known locations. 

In Abramov's opinion, there are two reasons why borehole 
mining is still in the pilot-operation stage. The first reason is 
that the apparent simplicity evaporates during later develop-
ment as problems occur and expenses rise. Some of the 
problems encountered are related to extracting all of the

mineral resource without subsiding the surface or disturbing 
the balance and levels of underground aquifers. 

The second reason for the slowness in the commercial im-
plementation of borehole mining is the more complete 
recovery of ore using traditional mining methods in com-
parison to borehole mining. Ore losses in open-pit mining 
are often less than I percent. In underground mining ore 
losses are between 15 to 20 percent. Ore losses in borehole 
mining may reach 25 to 30 percent. 

However, borehole mining cannot be compared with tradi-
tional methods based on this criterion. Borehole mining 
does not compete with, but rather supplements traditional 
mining methods. It can be effectively applied when tradi-
tional methods are ineffective. 

Most of the richest and most accessible deposits are now or 
will be depleted within the next 10 years. However, statistics 
and forecasts show a continuous increase in the worldwide 
demand for minerals, especially for metals: Fe, Cu, Al, Mn, 
Pb, V, Gr, Zr, Au, Cr and Zn. Reserves of these minerals in 
the earth's crust are practically unlimited, but low grades, the 
depth of the deposits, remoteness from industrial areas, and 
significant water content make mining them, using tradi-
tional methods, uneconomic. It is at this point that the area 
of borehole mining begins, because this method is: 

- 1.5 to 4 times less expensive than traditional 
methods 

- Safe, because it does not require miners at the face 

- Mobile, because it does not require construction of 
shafts or pits 

- Environmentally clean 

- Allows development of deposits below bodies of 
water 

- Uses water in a closed circuit, and therefore, can 
be used in desert areas and in space 

Thus, Abramov concludes, there is a future for borehole min-
ing.
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TABLE 1

STATUS OF BOREHOLE MINING PROJECTS 

Country	 Name of 
or	 Deposit	 Depth of	 Years of 

Republic	 or State	 Type of Or 	 Ore (m)	 Project 

USSR 
Kazakhstan	 Shevchenko	 Uranium	 70-100	 1970-1990	 3-4 

Arkhalyk	 Polymetal	 40-100	 1990- pres. 	 2 

Russia	 Kingisepp	 Phosphorite	 5-30	 1969-1989	 3 
Belgorod	 Iron	 400-800	 1988- pres.	 3 
Arkhangelsk	 Kimberlite	 40-800	 1986-1998	 1 

1991 - pres. 	 2 
N. Novgorod	 Titanium/ 

Zirconium	 15-60	 1990 - pres. 	 2 
Tomsk	 Tit/Zir	 20-50	 1989 - pres. 	 2 
Kenigsberg	 Amber	 7-20	 1974-1978	 1 

1991 - pres. 	 2 

Ukraine	 Volnogorsk	 Tit/Zir	 60-80	 1985 - pres. 	 3 

Yugoslavia 
Serbia	 Kolubara	 Quartz Sand	 20-40	 1987-1991	 3-4 

Poland	 Tarnobzeg	 Quartz Sand	 30-40	 1976-1978	 2 

U.S.A. 
USB.M. Sponsored	 Florida	 Phosphorite	 70-80	 1980	 2 

Wyoming	 Uranium	 20-30	 1978	 1 
California	 Oil Sands	 33-45	 1979	 2 
Washington	 Coal	 10-25	 1975- 1976	 2 

Privately Sponsored 	 N. Carolina	 Phosphorite	 <200	 1970's	 2 
Various	 Sandstone, 

Shales	 <100	 1960	 1 
Wyoming	 Uranium	 c60	 1973-1979	 2 
New Mexico	 Uranium	 <100	 1977-1978	 2 
California	 Tar Sand	 105	 1977	 1 
Florida	 Phosphorite	 80-90	 1984-1985	 3

#1fl
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ENVIRONMENT 

ADVANCED TECHNOLOGY WILL NOT BE ENOUGH TO 
REDUCE GREENHOUSE EMISSIONS 

Advanced technologies are doing their pan to reduce global 
emissions of CO., but technology alone cannot control 
worldwide CO  emissions in the long term. 

C.W. Garrett of the United States Department of Energy 
says that to control global emissions of greenhouse gases, 
nonenergy factors, such as productivity and population, also 
must be dealt with. Garrett discussed these issues in a 
presentation at the Pedagogical Symposium on Global 
Climate Change, sponsored by the American Chemical 
Society and held in Washington. D.C. in August. 

The potential for future global climate change and its im-
plications for fossil fuels are the subject of much ongoing 
research and scientific debate. They have policy ramifica-
tions with international repercussions, says Garrett. 

Global climate change is very complicated and our under-
standing is far from adequate, hindering our ability to deal 
effectively with it from either the technical or the policy 
standpoint. The topic can be divided into two major areas: 
atmospheric science and fossil fuel implications. 

Atmosphere Science 

The "greenhouse effect" has an unquestioned scientific basis. 
It isa major cause of the earth's average surface temperature 
of 15°C. 

One greenhouse gas of great importance to fossil fuels is 
CO 2' a major product of combustion. The atmospheric con-
centration of CO  has undergone significant variation over 
the earth's history and some of those variations have been 
correlated with climatic changes. Those of the ice ages, for 
example, were before man and thus stemmed from natural 
causes. 

Over the industrial revolution of the last 150 years, however, 
anthropogenic (i.e., man-produced) carbon emissions have 
caused the atmospheric CO2 concentration to increase some 
25 percent. The world's carbon emissions and resulting at-
mospheric concentrations of CO 2 over the industrial revolu-
tion are shown on Figures 1 and 2, respectively. Figure 3 il-
lustrates the Earth's temperature variations over the past 
1 million years. 

Large mathematical climate simulations performed by 
General Circulation Models, are essential to both analyze col-
lected raw data and to predict the future. However, they are 
lacking in several ways. First, present computing hardware 
and algorithms that solve the huge multi-dimensional partial 
differential equation sets are not yet fully up to the task.

FIGURE 1
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Second, our knowledge of the fundamental processes in-
volved (including complicated climatic feedback 
mechanisms) is not sufficient. Third, the data presently avail-
able are not complete enough. 

The result is that there is a great deal of uncertainty in our 
present ability to draw causal relationships between the 
greenhouse effect and global climate change. Significant 
scientific controversies remain. 

Fossil Fuel Implications 

The fossil fuels of interest are natural gas, petroleum, and 
coal. The fuels have different properties that cause them to 
produce different amounts of CO  during combustion. To 
release equal amounts of energy from combustion (assuming 
100 percent efficiency) and normalized to natural gas, these 
three fuels create approximately the following ratios of CO  
(on a weight basis): 

- Natural gas 1.0 

SYNTHEnC FUELS REPORT, DECEMBER 1992 
1-16



FIGURE 2 

CO2 ATMOSPHERIC 
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The differences are significant enough to make fuel selection 
an important determinant. But even the lowest, natural gas, 
creates sufficient CO  to be a concern. Thus ways of mini-
mizing CO  releases from fossil fuel combustion have 
received considerable attention. 	 Better combustion ef-

ficiencies and fuel switching can help to mitigate the 
problem. 

Other Important Aspects 

Greenhouse gases are worldwide, and dealing with them will 
require a coordinated, international approach. But not all 
nations are involved equally. First, the predicted climate 
changes vary. Second, many of the developing countries are 
dealing with health and economic woes; their priorities are 
on the present and not on what might be done about future 
global climate change. Whatever they do will require both 
technological and economic aid. And third is the question of 
equity these struggling nations raise: "It is the rich nations of 
the world that have polluted the global nest while achieving 
their status of well-being; they should pay for it, not us," they 
say. 

One cannot escape the economic consequences of the mo-
ment, as policy discussions in the United States reveal. 
These have shown that even in a single nation, legitimate dif-
ferences of perspective lead to radically different political 
positions. 

Finally, there are some moral factors that cannot be escaped, 
says Garrett. One major determinant of the magnitude of 
future CO2 emissions will be the number of people genera-
ting it—the world's population, which is rapidly rising. If the 
trend continues as predicted, it will swamp CO2 emission con-
trols. 

Summary 

To illustrate how factors affected by technology and those 
that are not are interminably intertwined, Garrett estimated 
future COz emissions, isolating four quantities that deter-
mine emission levels. These are: 

- CO2 emitted per unit of consumed energy 

- Energy consumed per unit of gross domestic 
product 

- Gross domestic product per person 

- Population 

Using these four parameters, Garrett says one can estimate 
future emissions of CO2 for a local region, a nation or the 
world. 

Using available data and predictions of the experts to es-
timate the values of the four quantities, Garrett computed 
emissions for the 35-year period ending in the year 2025 for 
three different regions: the United States, Africa, and the 
world. Assuming the percentage of useful energy generated 
by all fossil fuels remains constant, his predictions of im-
proved efficiencies and fuel switching were optimistic. For 
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example, in the United States, average overall system ef-
ficiency improves some 38 percent, coal use drops 30 percent 
and oil use drops 20 percent (both replaced by natural gas) 
over that time. 

The results show that under these high-efficiency, high-gas, 
low-coal assumptions, CO2 emissions stay the same only in 
an advanced-technology nation where population growth is

simultaneously limited. They increase elsewhere despite 
what technology can do. To control worldwide emissions, 
nonenergy technology factors (e.g., productivity, population) 
also must be dealt with, says Garrett. It should be noted, 
however, that without technology providing large reductions, 
the situation would be far worse. 

Mn 
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COMING EVENTS 

1993 

JANUARY 18-21, ORLANDO, FLORIDA - 	 International Symposium on Coal 	 Use and Disposal 

JANUARY 31-FEBRUARY 3, HOUSTON, TEXAS - Ener gy-Sources Technolo€y Conference 

JANUARY 31-FEBRUARY 4, SAN DIEGO, CALIFORNIA - Conference on the Environmental and Economic Aspects of Coal 
Utilization 

FEBRUARY 16, PARIS, FRANCE - 15th International Liquefied Natural Gas and Li quefied Petroleum Gas Conference 

FEBRUARY 16-19, PARIS, FRANCE - Gastech 

FEBRUARY 24-25, ESSEN, GERMANY - Conference on Research in Power plant Technology 

MARCH 1-3, WASHINGTON, D.C. - Improved Technology for Fossil Powerplants—New and Retrofit Applications 

MARCH 22-23, SALT LAKE CITY, UTAH - Spring Meeting of fte Western States Section of the Combustion Institute 

MARCH 24-25, BOCHUM, GERMANY - YflI Meeting on Advanced Energy Conversion and Application 

MARCH 24-26, LONDON, ENGLAND - Second World Coal Institute Conference 

MARCH 25-26, WASHINGTON, D.C. - Fourth Annual U.S. Hydrogen Conference 

MARCH 28-APRIL 2, DENVER, COLORADO - 205th American Chemical Societ y National Meeting 

MARCH 28-APRIL 2, DENVER, COLORADO - Symposium on Enhanced Oil Recovery 

MARCH 29-31, OXFORD, UNITED KINGDOM - S ymposium on Carbon Dioxide Disposal 

MARCH 29-APRIL 2, CAMBRIDGE, UNITED KINGDOM - Join t Meeting of the British and German Sections of the Combus-
tion Institute 

APRIL 4-7, EDMONTON, ALBERTA, CANADA —Qfi Sands—Our Petroleum Future 

APRIL 21-28, HANOVER, GERMANY - Hanover Industrial Ek 

APRIL 25-28, NEW ORLEANS, LOUISIANA - Annual Meetin g of the American Association of Petroleum Geologists 

APRIL 26-27, EDMONTON, ALBERTA, CANADA - Conference 211211 Sands Tailings Sludge 

APRIL 26.29, CLEAR WATER, FLORIDA - 1ffi International Technical Conference on Qj Utilization and Fuel Systems 

APRIL 28-30, COLORADO SPRINGS, COLORADO - Annual Council on Alternate Fuels Spring Conference 

MAY 4-6, LEXINGTON, KENTUCKY - Coal Prep 93 Conference 

MAY 5-8, ANCHORAGE, ALASKA - Fdurth Alaskan Coal Conference 

MAY 8-13, SAN DIEGO, CALIFORNIA - 12th International Conference on Fluidized-Bed Combustion 

MAY 9-12, CALGARY, ALBERTA, CANADA - Canadian Institute of Minin g and Metallurgy 95th Annual Meeting 

MAY 10-13, ST. LOUIS, MISSOURI - 17th Biennial Low Rank F ue ls Symposium

SYNTHETIC FUELS REPORT. DECEMBER 1992 
1-19



MAY 10-13, HELSINKI, FINLAND - Symposium on New Coal Utilization Technologies 

MAY 10-14, COLORADO SPRINGS, COLORADO - 12h Symposium on Biotechnology for Fuels and Chemicals 

MAY 10-14, ROLDUC, NETHERLANDS - Third Rolduc Symposium: QJ Science End Technology 

MAY 12-13, ESSEN, GERMANY - j Gasification 1993 Conference 

MAY 17-20, LONDON, UNITED KINGDOM - 20th International Con gress2n Combustion Engines: CIMAL 

MAY 18-20, ORLANDO, FLORIDA - International Meetin g on Coal Utilization and t he Environment 

MAY 24-27, CINCINNATI, OHIO - 38th American Society f Mechanical Engineers International Gas Turbine and Aeroengine 
Conness 

MAY 25-27, PARIS, FRANCE - Power-Gen Europe 93 

JUNE 13-18, BUFFALO, NEW YORK - 21st Biennial Conference M Carbon 

JUNE 20-24, NEW PALTZ, NEW YORK - International Conference on Gas Hydrates 

JUNE 22-24, LAXENBURG, AUSTRIA - Meeting of the International Energy Workshop 

JUNE 27-30, YOKOHAMA, JAPAN - fiM International Conference on New Energy Systems and Conversions 

AUGUST 8-13, ATLANTA, GEORGIA - 28th Intersociet y Energy Conversion Engineering Conference 

AUGUST 17-20, BAKU, AZERBAIJAN - Second Baku International S ymposium fl Energy. Environment, Economy 

AUGUST 22-27, CHICAGO, ILLINOIS - 206th American Chemical Societ y National Meeting 

SEPTEMBER 12-16, TOKYO, JAPAN - JSME-ASME International Conference on Power En gineering: ICOPE-93 

SEPTEMBER 12-18, BANFF, ALBERTA, CANADA - Seventh International Coal Science Conference: 1QQ 

SEPTEMBER 13-15, SINGAPORE - Power-Gen Asia Pacific 93 

SEPTEMBER 13-17, CARQIJEIRANNE, FRANCE - Fourth International Carbon Dioxide Conference 

SEPTEMBER 20-24, PITTSBURGH, PENNSYLVANIA - 12± Annual International Pittsburgh Coal Conference 

SEPTEMBER 21-23, BOURNEMOUTH, UNITED KINGDOM - Seventh ASME Co gen-Turbo Power Congress 

SEPTEMBER 27-29, GUILDFORD, UNITED KINGDOM - Second International Symposium on Gas Cleanin g at Hiph Tempera-
tures 

OCTOBER 17-21, KANSAS CITY, MISSOURI - InternationalJoint Power Generation Conference 

OCTOBER 18-22, SEOUL, KOREA - Fifth International Energy Conference 

OCTOBER 24-28, LEXINGTON, KENTUCKY - fifth International Conference on Processin g and Utilization of fljg j jfsr 
Coals 

NOVEMBER 7-10, COLORADO SPRINGS, COLORADO - 10th International Symposium on Alcohol Fuels 

NOVEMBER 16-18, DALLAS, TEXAS - Power-Gen 93
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PROJECT ACTIVITIES 

SOUTHERN PACIFIC REPORTS PROGRESS ON 
STUART PROJECT 

In its quarterly report for the period ending 
September 30, 1992, Southern Pacific Petroleum reported on 
the status of the Stuart Shale Oil Project. 

The Stuart oil shale deposit, with estimated resources of 
3.0 billion barrels of shale oil in situ, lies 8 to 25 kilometers 
northwest of the industrial city of Gladstone, Queensland, 
Australia. Development of the deposit benefits from its 
Proximity to existing infrastructure and its relatively high 
grade oil shale (Kerosene Creek Member) available for early 
surface mining. The deposit is presently equally controlled 
by Southern Pacific Petroleum (SPP) and its associate 
Central Pacific Minerals (CPM). 

Present Status 

The Stuart development requires a small demonstration 
plant (Stage 1) the success of which would enable the financ-
ing of subsequent expansion. Stage 1, with production of 
4,500 barrels per day of naphtha and low-sulfur fuel oil, is es-
sentially a research and development phase designed to 
demonstrate the technology. Being relatively small, capital 
costs can be minimized. However, Stage 1 does not have the 
economies of scale that are available in subsequent stages. 

To a large extent this factor was overcome by the federal 
government's agreement to continue existing excise regula-
tions which exempt gasoline produced from Australian oil 
shale. Regulations to give effect to the government's deci-
sion are expected to be released shortly. This exemption ap-
plies only to Stage 1. No such exemption was sought or is 
required for expansion thereafter. 

However, as reported in the Pace Synthetic Fuels Report in 
June 1992 page 2-2, the Federal Opposition has announced 
policies which, in the event of a change in government, will 
abolish gasoline excise payments and, as a result, eliminate 
the existing economic benefits available to Stuart Stage 1. 
These events, coupled with continuing worldwide recession 
and weaker oil prices have caused delays in finalizing the 
financing requirements of Stage 1 and, as previously advised, 
the companies have been developing alternative arrange-
ments to cover the political uncertainty of the excise arrange-
ments. 

On August 18, the Australian Government presented the 
federal budget. It provided for an increased commitment to 
research and development by continuing the present tax de-
ductibility of 150 percent of such expenditure beyond 
June 30, 1993. It also removed a limit of $10 million on cer-
tain plant expenditures. These incentives, which incorporate 
a rapid depreciation on capital expenditure, are positive for

the Stuart Stage 1 development if, under the proposed legisla-
tive amendments, capital and operating expenditure of 
Stage I qualifies as a research and development expenditure. 

A major submission with the aim of qualifying Stuart Stage 1 
for these incentives was lodged with the Industry Research 
and Development Board on October 27 and is currently 
being processed. A successful outcome will materially assist 
with financing plans and the structure of the Stuart Stage 1 
proposals is being modified accordingly. Such modification 
and the necessary government approvals (assuming they are 
forthcoming) are estimated to require 3 to 4 months, during 
which time SPP/CPM will continue to maintain contact with 
potential co-venturers. 

In parallel with these matters, the formal draft of the environ-
mental study for Stuart Stage 1 was completed and given to 
the Queensland Government on October 21. This study sup-
ports the SPP/CPM overall application for a Mining Lease 
covering Stuart Stage 1 and includes additional material re-
quired by government departments and state and local 
government authorities. 

The additional time available, resulting from delays in the 
financing program, has permitted SPP/CPM to consult 
widely with special interest groups which have particular in-
terest in environmental and other matters affecting Stuart 
Stage 1. 

PARAHO AGAIN PRODUCING SHALE OIL 

At The New Paraho Corporation annual stockholders' meet-
ing in December, president J. Fox announced that its pilot 
plant in Rifle, Colorado was currently producing 15 barrels 
of shale oil daily as part of the SOMAT test marketing 
program started in September. SOMAT is a shale oil 
modified asphalt product designed to increase the life of as-
phalt roads. The pilot plant facilities for New Paraho could 
produce enough SOMAT to pave 150 to 200 miles of roads 
yearly. 

The first phase of the test market program for SOMAT is 
expected to cost $12 million over the next year, produce 
enough SOMAT for 50 to 60 miles of asphalt roads and 
employ 15 people. 

New Paraho has been developing and testing SOMAT 
since 1986. For the past 3 years, road test strips were con-
structed in strategic locations around the United States to 
evaluate SOMAT in comparison to conventional and other 
modified asphalts now in use. The test strip results are en-

- 
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the 1992 Eastern Oil Shale Symposium held in Lexington, 
Kentucky in November. 

couraging and SOMAT is proving to be a superior road 
paving material, with distinct life-cycle cost advantages. 

The oil shale asphalt, a 10 percent additive to conventional 
crude oil asphalt, is far more resistant to water damage and 
aging than conventional asphalt. It adds about 10 to 
15 percent to the cost of asphalt, but is a bargain compared 
to other asphalt modifiers that accomplish the same tasks 
and increase costs by 30 to 35 percent, according to the 
company's chief operating officer, L. Lukens. 

New Paraho continues efforts to secure the financing neces-
sary to build a commercial SOMAT facility which would 
produce 3,400 barrels of shale oil daily. The commercial-
scale plant, a $150 million to $200 million investment, would 
be aimed at cornering about S to 6 percent of the national 
asphalt market.

#fl# 

PFI'ROSIX COMMERCIAL MODULE RUNS AT DESIGN 
CAPACITY 

The Brazilian petroleum company, Petrobras's successful 
operation of a new 36-foot diameter Petrosix industrial unit 
was discussed in a presentation given by E. Piper, et al., at

The unit was put into operation at the oil shale facilities in 
Sao Mateus do Sul, Parana, Brazil, in December 1991. It 
was designed to retort Irati oil shales using the Petrosix 
process, at a rate of 260 metric tons of raw shale per hour. 

The design capacity of the new unit is 100,000 barrels of 
clean oil per month. The transition from the research and 
development phase to full-scale commercial operation was 
essentially complete after 120 days of operation. As shown 
in Figure 1, the plant was operating at more than 80 percent 
of its design capacity at this point. 

Since July, the unit has been operating at capacity, as il-
lustrated in Figure 2. In fact, the actual production rate has 
exceeded the planned rate during this time period. 

The average daily production rate for each month is sum-
marized in Figure 3. Since February, the unit has consis-
tently produced between 2,000 and 3,000 barrels of clean oil 
per day. 

This first retorting unit cost $120 million. As the number of 
units on-line increases, it is estimated that the cost per unit 
will drop to a constant cost of $80 million, once more than 
5 units are in place. Likewise, as illustrated in Figure 4, the 

FIGURE 1 
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FIGURE 2 

PETROSIX PRODUCTION OF CLEAN OIL 
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FIGURE 3 

PRODUCTION DATA PER DAY OF OPERATION 
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foot lodge, a metal building, would be used by Unocal's 

FIGURE 4
	 private, paying, hunting clients only. 

ESTIMATED SHALE OIL COSTS
	 nfl 

VERSUS CAPACITY 	
RIO BL4NCO CLOSES DENVER OFFICE 

#fl# 

CONVERSION OF UNOCAL SHALE OIL UPGRADER TO 
METHANOL PRODUCTION PLANNED 

In August 1992, Rio Blanco Oil Shale Company closed its 
Denver office. All business will now be conducted from Rio 
Blanco's Tract C-a site west of Rifle, Colorado. 

012345 

Number of Retorts 
SOURCE: PPER rr AL 

shale oil cost decreases as the number of retorts increases. 
Assuming a 10 percent investment rate of return, once at 
least 5 units are in operation, the estimated shale oil cost is 
reduced to a constant value of US$20 per barrel. 

nfl 

UNOCAL MAY TURN PROJECT BUILDING INTOHUNT-
INC LODGE 

In an effort to diversify its land holdings after the closure of 
its Parachute Creek oil shale plant, Unocal Corporation will 
ask Garfield County (Colorado) commissioners for a special-
use permit to convert a former oil shale man-camp building 
into a hunting lodge to house up to 12 people. 

The company is billing the hunting lodge as a temporary use, 
one that would end if the oil shale industry were to turn 
around. 

Hunters using Unocal's 30,000 acres of land stretching north 
into the Piceance Basin would use the lodge as a base camp 
at the beginning and end of their hunts. The 13,000-square-

Unocal's Parachute Creek shale oil plant, which has been 
shut down since June 1991, is slated for conversion to a 
methanol manufacturing facility. 

Colorado Clean Fuels, Inc. (CCF), a joint venture of Energy 
Ingenuity Company of Englewood, Colorado and Clean 
Fuels Development Corporation of Mission Viejo, Califor-
nia, signed a 15-year lease agreement for 240 acres of the 
30,000-acre Parachute Creek project in June 1992. Included 
in the lease agreement is an option to purchase the 
$650 million facility at anytime during the lease, and an op-
tion to extend the lease for an additional 5 years. 

CCF will take advantage of the existing plant facilities, in-
cluding natural gas pipelines coming into the plant, truck and 
rail loading equipment, power lines and storage tanks. The 
new project will not use the mining and retort portions of the 
former oil shale facility. 

The conversion of the oil shale plant upgrader to manufac-
ture methanol from natural gas is expected to take between 
14 and 16 months, at an estimated cost of $50 million. Con-
struction is expected to begin in February 1993. 

The plant is expected to produce 4,200 barrels of methanol 
per day at peak production. Most of it will be shipped to 
California where it will be blended with gasoline to help 
producers comply with the 1990 Clean Air Act Amendments. 
Besides converting natural gas into methanol, CCF also will 
produce small amounts of super premium diesel fuel, naph-
tha and Fischer-Tropsch wax from natural gas. 
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CORPORATIONS 

RAMEX TO RETURN TO LABORATORY WORK ON ITS 
IN SITU SHALE GASIFICATION PROCESS 

Ramex Synfuels International, Inc. recently updated 
shareholders on the current status and future plans of the 
Rama process. The process is an in situ oil shale gasifica-
tion process which involves the use of a downhole heater 
fired with an external fuel source. 

Previous laboratory work, which proved to be insufficient to 
successfully demonstrate the Ramex process in field tests, 
will be repeated. 

The process will be submitted to an independent laboratory 
where valid, repeatable and quantifiable tests will be con-
ducted. The goal, according to Ramex president, J. Mayer, is 
to prove that the Ramex process works, and works economi-
cally. The laboratory under consideration has agreed to 
present the results in a report, allowing Ramex to use the 
documented information in negotiations for future applica-
tions of the process. In addition, the laboratory has agreed 
to aid Ramex in conducting future field tests of the process. 

Ramex is currently in the process of raising funds required to 
perform the laboratory tests, according to Mayer. 

JOINT VENTURE TO RAVE 100,000-TON CAPACITY 
FOR BICARBONATE FROM OIL SHALE BASIN 

NaTec Resources Inc. and North American Chemical Com-
pany have formed a joint-venture company, White River

Nahcolite Minerals, to produce high-quality sodium bicar-
bonate products from a natural deposit of nahcolite in the 
Piceance Creek Basin of Colorado. The joint-venture com-
pany is expected to add over 100,000 tons per year of new 
sodium bicarbonate capacity, replacing North American's ex-
isting output in California. 

As reported in the June 1992 Pace Synthetic Eh Report, 
page 2-4, the two companies entered into an agreement ear-
lier this year that would give North American a 50 percent 
interest in the newly created subsidiary of NaTec. 

'The teaming with North American Chemical Company 
through this joint venture will substantially improve NaTec's 
capability to cost-effectively extract, process and distribute 
sodium bicarbonate to our utility and industrial customers 
Utilizing our dry sorbent injection technology," says NaTec's 
president, J. McCormack. 'Additionally, this transaction will 
provide NaTec with adequate levels of operating capital to 
pursue the clean air market.' 

White River Nahcolite Minerals, says NaTec, has more than 
85 million tons of 'proven" reserves and can guarantee long-
term supplies. However, there is some question of how 
much of that 85 million tons is available to be mined. The 
Colorado plant is still only a demonstration plant, and the 
company has to prove that it is capable of solution mining 
without causing major surface subsidence or aquifer con-
tamination.
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GOVERNMENT 

BLM SOLICITh INTEREST IN LEASE OF WHITE RIVER 

The United Slates Bureau of Land Management (BLM), 
Utah State Office, has announced the availability of oil shale 
mineral lease rights and/or a surface lease for the building 
facilities and other improvements or, a combination of both 
on the White River oil shale tracts U-a and U-b. The ap-
proved surface lease use must be compatible with present or 
future leasing and development of the oil shale mineral 
rights. These prototype tracts are located 45 miles southeast 
of Vernal, Utah. 

In 1974, Federal Prototype Oil Shale Leases U-a and U-b 
were leased from the federal government for a total bonus 
bid of $120.7 million. Tract U-a was purchased by Sun Oil 
and Phillips Oil. Tract U-b was purchased by SOHIO. 
Together the companies formed the White River Shale Oil 
Company. A summary of the two tracts is presented in 
Table 1.

TABLE 1 

SUMMARY OF PROTOTYPE OIL SHALE TRACTS 
U-a - U-b 

Location: 45 miles southeast of Vernal, Utah 

Total Acres: U-a 5,120 acres 
U-b 5.120 acres 

Total 10,240 acres 

Bond Amounts: Federal $4.4 million 
State	 $4.65 million 

Royalty Rate: Royalty formula is quite complex. It is an 
adjusted rate based on $0.4752/ton at 30 gallons/ton. 

Total Reserves (in place): U-a 	 540,000,000 barrels 
U-b	 510,000,000 barrels 

Total	 1,050,000,000 barrels 

Recoverable Reserves:	 U-a	 340,200,000 barrels 
U-b	 321,300,000 barrels 

Total	 661,500,000 barrels 

Depth to Oil Shale: U-a 550 to 1,225 feet 
U-b 300 to 1,250 feet 

Oil Shale Mining Zone: 55 feet thick at a grade of 
28 gallons/ton

In addition to the bonus payments, the owners of the White 
River Shale Project (WRSP) expended additional funds on 
development activities of surface facilities, underground 
workings, retort processes, and various environmental 
baseline studies. A drawing of the existing works at the site 
is presented in Figure 1. 

The surface facilities constructed by WRSP included: 

The mine services building, a 25,856 square foot 
facility divided into three sections—front offices and 
conference room area, equipment and locker 
rooms center section, and warehouse and shop 
back section. 

The water treatment plant, a Refinite Series 79 
water treatment plant with a 90-gallon per minute 
rating. The plant and associated pumps are housed 
in a 2,400 square foot building. A water quality 
laboratory and five pump rooms with equipment 
are contained in the building. The raw water tank 
has a capacity of 150,000 gallons. The potable 
water tank has a capacity of 180,000 gallons. 
Buried mains and rife hydrants are in place to serv-
ice around the shaft and mine services building. 

- The sewage treatment plant, a tertiary stage dow-
RBC process plant with a 15,000 gallon per day 
capacity, which has never been used. 

The switch gear building. 

The mine hoist building, is equipped with a 
Webster, Camp, and Lane 250-horsepower, 5-foot 
diameter single-drum winder shaft hoist. The build-
ing is 1,000 square feet. The headframe is about 
45 feet high and supports for the eight-person con-
veyance are in place. 

The fan ventilation building, which contains one 
50-horsepower mine fan and two 25-horsepower 
auxiliary fans. The building is 528 square feet. 

The major underground workings included a 30-foot 
diameter shaft, a 16-foot diameter shaft, and the production 
declines, both over 2,000 feet long. 

On December 31, 1985, the two leases were relinquished to 
the Bureau of Land Management. An agreement was then 
signed between the BLM and White River Shale Oil Com-
pany on September 30, 1986, which further released the com-
pany from responsibility and established a 
maintenance/reclamation fund of $1 million to cover costs 
associated with the abandonment of the site. The Federal 
Prototype Oil Shale Leases U-a and U-b, now referred to as 
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FIGURE 1
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White River A and B, are presently administered by the Ver-
nal District Office of the BLM in a maintenance mode. 

Lease Conditions 

Expressions of interest for sale of the oil shale mineral lease 
rights must include a description of the intended use and 
development plans of the oil shale reserves, facilities, and sur-
face of the tracts, and the ability of the potential lessee to 
post a bond of sufficient amount to cover anticipated aban-
donment and reclamation costs. 

Expressions of interest in a surface lease of the buildings, 
facilities, and surface of the tract must be for uses that are 
not incompatible with the leasing of the oil shale mineral 
rights and the eventual development of the oil shale reserves. 
The expressions of interest must include a summary of the 
proposed use of the site facilities and surface, a brief descrip-
tion of processes, chemicals, or materials that would be used 
on the site and the proposed lease term, and anticipated 
employment or other public benefits that might result from 
the proposed use.

The surface lease will be issued independently of the oil 
shale mineral rights and will be subject to modification or 
cancellation if it is later determined that the use and lease is 
not compatible with oil shale development. 

fin 
NATIONAL OIL SHALE DATABASE TO BE PUBLISHED 
ON COMPACT DISK DISK 

As reported by J.R. Dyni of the United States Geological 
Survey (USGS) a cooperative project between the USGS 
and the United States Department of Energy was initiated in 
1991 to create a National Oil Shale Database (NOSDB) of 
geotechnical data on the oil shale resources of the United 
States. Most of the available information is derived from 
exploratory drilling of the Green River oil shale deposits in 
Colorado, Wyoming, and Utah, because these deposits were 
of the greatest interest for commercial development during 
the period between about the mid-1950s to the early 1980s. 
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Data for about 1,500 drill holes are on file. The data for an 
oil shale drill hole usually include shale oil (Fischer Assay) 
analyses, geophysical togs, and a lithologic description of drill 
core. Less commonly, a variety of other analytical data in-
cluding X-ray diffraction, elemental and water analyses, rock 
quality data, and other records of interest to oil shale 
researchers are also on file. 

Computer entry of the Fischer Assays, about 30 megabytes 
of data, is nearly complete. The remaining drill-hole informa-
tion (geophysical logs, lithologic logs, and miscellaneous 
data) will probably be optically scanned as bit-mapped 
images. These records amount to as much as 4 to 
5 gigabytes. The entire database will be published on com-
pact optical disks in ASCII and graphics formats suitable for 
use on an IBM-compatible microcomputer. 

According to Dyni, the value of the NOSDB is illustrated by 
vertical profiles of shale oil analyses by Fischer Assay for 
drill holes which can be used for detailed stratigraphic cor- 
relations of oil shale beds and zones, as well as for resource 
assessments. Other applications of the Fischer Assay data 
are shown by vertical profiles of specific gravity analyses of 
the shale oil which are probably related to the geothermal 
gradient and possibly to variations in kinds of organic mat-
ter. Water analyses by Fischer Assay can be used to deter-
mine abundances of the saline minerals, nahcolite and dew-
sonite, and to determine the stratigraphic distributions of 
other water- or hydroxyl-bearing minerals, such as lute and 
analcime.

'Sn 
DOE TIGER TEAM ASSESSES MANAGEMENT OF 
NAVAL OIL SHALE RESERVES 

The United States Department of Energy (DOE) has 
released the results of its Environment, Safety and Health 
(ES&H) assessment of the Naval Petroleum and Oil Shale 
Reserves (NPOSR) in Colorado, Utah, and Wyoming. This

assessment was in response to a 10-point initiative intro-
duced by Secretary of Energy J.D. Watkins in 1989, designed 
to strengthen ES&1-I and waste management program opera-
tions throughout DOE. A team of 35 professionals from 
DOE and private firms reviewed the programs and practices 
of both DOE and the operating contractor. NPOSR was the 
last of the originally targeted DOE facilities reviewed by a 
Tiger Team. 

Findings from the Tiger Team assessment were grouped into 
three categories: environment, safety and health, and 
management. The environmental subteam of the Tiger 
Team noted 62 findings, none of which presents either an 
immediate risk to public health or to the environment, or 
which warrants an immediate cessation of operations. 

The management subteam identified 42 concerns. The 
safety and health subteam identified 110 concerns. There 
were no concerns which identified hazards that required im-
mediate shutdown of any facilities or operations. 

Admiral Watkins has directed the Office of Fossil Energy, 
which is responsible for the site, to prepare a comprehensive 
plan of action encompassing all corrective action that have 
been or will be taken to address the findings identified in the 
Tiger Team report. 

In related DOE activity, DOE is negotiating a $121 million, 
5-year contract with Fr) Services of Tulsa, Oklahoma, to 
operate the Teapot Dome Naval Petroleum Reserve No. 3 
near Casper, Wyoming, and Naval Oil Shale Reserves in 
Colorado and Utah. The firm, a subsidiary of Fluor Daniel, 
would replace the current contractor, John Brown E&C of 
Houston, Texas. 

Teapot Dome currently produces just over 2,000 barrels of 
oil per day. At present, DOE does not plan to develop the 
oil shale resources. However, natural gas is being produced 
from the Colorado reserves. 

#ns 
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TECHNOLOGY 

ASPHALT ADDITIVE PRODUCED FROM 
HYDRORETORTED ALABAMA SHALE 

The characteristics of an asphalt additive produced from 
hydroretorted Alabama shale were discussed in a paper by 
D. Rue and M. Roberts at the 1992 Eastern Oil Shale Sym-
posium held in Kentucky in November. 

Asphalt cements used in United States highway pavements 
are made from high boiling petroleum fractions. An asphalt 
pavement must have the proper combination of chemical 
and structural properties, and these properties must remain 
relatively unchanged through exposure to a wide range of 
conditions over many years. The presence of water and 
freeze-thaw cycling are particularly harmful to highways in 
the Northern states. 

Nitrogen compound additives have been found to reduce 
water damage by strengthening the asphalt cement-aggregate 
bond. One method of increasing the asphalt nitrogen con-
tent is to use a high-nitrogen content shale oil or tar sand oil 
fraction as the asphalt additive. 

Eastern oil shale has been examined recently as a source of 
asphalt additives. Oil from Eastern shales has a high 
nitrogen content, and the shale resource is located close to 
large asphalt markets with readily available water supplies. 
Conventional retorting, however, produces asphalt additives 
that are unstable and exhibit poor aging properties. 
Hydroretorting using a pressurized, fluidized bed (PFH), 
produces an oil yielding stable additives that appear to age 
better and to increase pavement resistance to water-induced 
damage. 

Experimental 

At the Institute of Gas Technology, a series of laboratory-
scale, batch PFH tests was conducted to determine the óp-
timum conditions for producing high boiling oil fractions 
usable as asphalt modifiers. 

Three high-boiling point oil fractions were selected as poten-
tial shale oil asphalt additives (SOA). Shale oil boiling 
above 3050, 350°, and 395°C (582 0, 662°, and 743°F) was 
selected for SOA-1, SOA-2, and SOA-3. Shale oil feedstock 
for SOA characterization tests was generated from 
beneficiated Alabama Chattanooga shale by PH-I processing 
in a continuous bench-scale retort. Additives were obtained 
by vacuum distillation of a bench-scale PFH product oil. 

A total of seven asphalt binders were prepared for charac-
terization tests. The SOA were blended with a standard AC-
20 petroleum asphalt used in Illinois pavement construction. 
Pavement samples were produced with the asphalt binders 
using limestone aggregate, limestone rmes, and a commercial

mix design formula. Standard ASTM tests were used for 
characterization along with a water susceptibility test (WST'). 
The WS'F is a nonstandard test designed to quantify the resis-
tance of a pavement to water-induced freeze-thaw cracking. 

Results 

Figure 1 shows that nitrogen is concentrated in the high boil-
ing oil fractions. Ninety-five percent of the oil nitrogen is 
concentrated in the 75 percent of shale oil boiling above 
343°C. The heaviest 45 percent of the oil contains 
68 percent of the nitrogen and has a nitrogen content of 
2.0 percent. High boiling oil fractions with high nitrogen con-
tents were selected for evaluation as potential asphalt addi-
tives. The analyses also showed that sulfur is fairly evenly dis-
tributed as a function of boiling point, and the carbon to 
hydrogen ratio increases with increasing boiling point. 

SOA-1, -z and -3 correspànd to 71, 65, and 50 percent of the 
total oil, respectively. Binder and pavement sample composi-
tions are presented in Table 1 (page 11). 

A series of tests was conducted on pavement briquettes con-
taining the five binders containing SOA and standard 
AC-20 binders. Pavement characterization test results are 
shown in Table 2 (page 11). No differences were found in 
the specific gravity, voidage, and stability properties of the 
various briquettes. The only differences were found in the 
pavement flow properties and the moisture damage 
properties measured by the ratio of wet to &y tensile 
strengths (ASTM D4867) and the water susceptibility test. 
Pavement briquettes containing 2 to 10 percent SOA-2 in the 
binder show a reduction in flow of 5 to 10 percent. The 
change is only significant for the binders with 5 and 
10 percent SOA-2. 

The addition of SOA-2 to the asphalt binder increases the 
tensile strength retention of a pavement when wet. The high 
retention of tensile strength demonstrates an improvement 
in binder-aggregate bonding with the inclusion of shale oil 
additives. SOA-2 addition leads to a 10 percent decrease in 
pavement thy tensile strength but to an increase in pavement 
wet tensile strength. 

The water susceptibility test was conducted on six identical 
pavement briquettes containing six of the seven binders 
studied. All six briquettes containing unmodified AC-20 
binder and all six briquettes containing 2 percent SOA-1 
binder additive failed on the first freeze-thaw cycle. Failure 
is defined as severe cracking of the sample. Cracking can 
sometimes be severe enough to break the briquette into 
several pieces. 

The use of 5 percent SOA improves pavement resistance to 
freeze-thaw cracking with SOA-3 producing the highest pave 
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ment integrity. An average of 1.5, 2.0 and 2.2 WST cycles 
were completed before failure when 5 percent SOA-1, -z 
and -3 were used, respectively. inspection of briquettes after 
WST failure confirmed cracking was not as extensive or 
severe when the shale oil additives were added to the as-
phalt. 

Conclusions 

Rue and Roberts conclude that the PFH shale oil fraction 
boiling above 395°C (SOA-3) can be used as an asphalt addi-
tive and could be the major product of a PFH processing 
plant. Lower boiling point fractions are unacceptable as 
binder additives because the binder is softened and loses 
weight when heated. SOA-3 addition to the binder improves 
the pavement wet or thy tensile strength ratio and sig-
nificantly increases the resistance of pavement samples to 
freeze-thaw cracking. 

Approximately half of the product oil from the PFH process-
ing of Eastern oil shales can be used as asphalt additives 
which reduce pavement susceptibility to moisture induced 
damage and appear to be stable in a binder mixture. The 
remaining oil can be upgraded and used for transportation

fuel and other products. A slate of products including high 
value asphalt additives holds promise for improving the 
economics of the PFH process. 

tnt 

S1ABILrIY OF SHALE OIL REVIEWED 

In the November/December 1992 issue of Enercv & 
Al. Fathoni and B.D. Batts present A Literature Review 
of Fuel Stability Studies with a Particular Emphasis on Shale 
Oil" They cite 165 references on the subject through the end 
of 1991. 

The problem of shale oil instability is an important considera-
tion in the development of shale oil as an alternative fuel 
source. Instability effects on sediment, peroxide, color, and 
surface deposit formation are reviewed. The nature of the 
degradation products, the mechanisms by which they are 
formed, the specific compounds responsible for instability, 
and their control and prevention are discussed. In addition, 
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TABLE 1

ASPHALT BINDER AND PAVEMENT SAMPLE COMPOSITIONS 

Binder Sample	 SA-1 

Binder Composition, Wt%
AC-20 Binder 100 
SOA-1 0 
SOA-2 0 
SOA-3 0 

Pavement Sample SAP-1 

Additive Boiling Point Ranges 
SOA-1 +305°C 
SOA-2 +3500C  
SOA-3 +395°C

SA-2 SA-3 SA-4 SA-5 SA-6 SA-7 

98 95 90 95 100 95 
o o 0 S 0 0 
2 5 10 0 0 0 
0 0 0 0 0 5 

SAP-2 SAP-3 SAP-4 SAP-5 - SAP-7 

Pavement Mix 
SOA-1 5.5 wt% Binder 
SOA-2 55.8 wt% 1 cm Limestone 
SOA-3 38.7 wt% Limestone Fines 

TABLE 2

ASPHALT CHARACTERISTICS

Pavement Sample SAP-1	 SAP-5 SAP-2 SAP-3 SAP-4	 SAP-7 
Asphalt Binder SA-1	 SA-5 SA-2 SA-3 SA-4	 SA-7 
Max. Specific Gravity 2.522	 - 2.523 2.522 2.522	 - 
Marshall Density 2338	 - 2.330 2336 2.342	 - 
Air Voids (%) 73	 - 7.6 7.4 7.1	 - 
VMA' (%) 19.9	 - 20.2 20.0 19.8	 - 
Voids Filled (%) 633	 - 62.4 63.0 64.1	 - 
Stability at 60°C (N) 10940	 - 10320 10720 10450	 - 
Flow at 60°C (mm) 2.84	 - 2.87 2.54 2.72	 - 
Wet Tensile Strength/ 
Dry Tensile Strength (%) 633	 - 81.1 77.9 76.5	 - 

WST Freeze-Thaw Cycles 
to Failure2 1.0	 1.5 1.0 2.0 2.0	 2.2 

1 Voids in mineral aggregate 
2Water susceptibility test, average of six samples
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distillate fuel, that oxidative condensation reactions of polar 
heterocycles, in particular nitrogen, sulfur, and oxygen-
containing compounds, are often deleterious to stability. 

a comparison of the stability of shale oils with other fuels is 
made. 

Fresh, untreated liquid shale oils are usually very unstable, 
having an irrepressible tendency to form sediments and 
gummy materials, to change their color from clean golden 
brown to black, to deteriorate in their physical and chemical 
characteristics and compositions, and to degrade in quality 
rapidly after production, within a matter of hours. As a 
result, they must be upgraded to a stable synthetic crude oil 
before being suitable for pipelining, used as a refinery 
feedstock or marketed as a fuel product. Poor liquid fuel 
stability can cause clogging of pipe lines and filter plugging. 
Fuel controls and injectors in combustion machinery may be 
fouled. Fuel degradation produces engine failure and engine 
malfunction, and affects engine performance. Dark or black 
colored fuel is not desirable for marketing purposes because 
the marketplace always prefers clean, light colored fuel 
products. Furthermore, fuel that has deteriorated leads to 
increased maintenance problems and costs, equipment vul-
nerability, decreased reliability, and numerous other 
problems. 

In order to overcome these problems, the upgrading of raw 
shale oil to a more stable commodity is absolutely necessary. 

Although an appreciable amount of research in shale oil has 
taken place, the authors note that most findings are in 
upstream processing technology and shale oil retorting. Un-
til now there has been little attempt to study shale oil 
stability. As a result, in order to define shale oil stability, 
stability guidelines based upon experience with petroleum 
based products are frequently used. 

Several researchers have, in the past, reviewed fuel stability 
studies in general and synthetic fuels in particular. These 
reviews show that the stability of liquid fuels depends on 
such factors as the fuel hydrocarbon composition, source of 
crude, boiling range, type and severity of the refining 
processes involved, and storage conditions. Previously there 
were no detailed reviews on shale oil instability. 

With respect to hydrocarbon composition, the stability 
decreases in the increasing order of paraffins, naphthenes, 
aromatics, olefins, and diolefins. Oxidation, autoxidation, 
and chemical reactions such as polymerization involving un-
saturated hydrocarbons and/or reactive organic compounds 
of sulfur, nitrogen, and oxygen present in the fuel are 
thought to be the major causes of gum or sediment forma-
tion. Copper, zinc, or aluminum metals are examples of 
trace impurities in the fuel which significantly influence fuel 
stability. In addition to thiols, polysullides, certain reactive 
oxygen-containing compounds, and some nitrogen-
containing compounds, such as pyrroles, are deleterious to 
fuel stability. Several researchers have reported, from their 
studies of gravimetric accelerated storage stability tests con-
ducted with model compounds as dopants added to stable

In general, stability decreases as one moves from light to 
heavy crudes and from petroleum oil to coal-derived liquids 
to tar sand crudes and to shale oils. Heavy crudes, which are 
generally of high carbon, heteroatom, metal, and asphaltene 
content, are particularly less stable than the lighter crudes. 
crudes from coal, tar sand, and shale oil are less stable than 
petroleum crude as a consequence of their relatively high 
content of deleterious compounds. In general, light-boiling 
fractions are more stable than the heavier fractions. 

It is evident from the literature that the whole picture of fuel 
stability is very complex. There may be no single explanation 
for all of the phenomena associated with fuel deterioration. 
Most investigators agree, however, that the instability of fuel 
is attributed to oxidation and/or autoxidation reactions. 
Chemical reactions, such as polymerization involving un-
saturated hydrocarbons and reactive organic compounds of 
sulfur, nitrogen, and oxygen in the fuel, may also be respon-
sible for instability. These reactions can be accelerated by 
temperature, pressure, light, and microbial activity and by 
the surrounding environment such as metal or water. It 
seems each type of fuel has its own mechanism for the onset 
of instability.

Mn 

KINETICS OF DRYING AUSTRALI A N OIL SHALE 
STUDIED 

An experimental study of the mechanisms of gas transport in 
oil shales of the Stuart/Rundle (Kerosene Creek) and Con-
dor oil shale deposits was summarized in an article by 
B.L. fluffy and B.S. Haynes in Volume 6, Number 6 of 
Energy Fuels. 

Australian oil shales, such as those of the Rundle/Stuart and 
Condor deposits, are characterized by a high moisture con-
tent, of the order of 10 weight percent even after air drying. 
The removal of this moisture imposes penalties both in 
terms of processing time and energy requirements for the 
retorting operation. 

The measurement of drying kinetics for the determination of 
the transport properties of the oil shales is experimentally 
demanding. Other approaches to obtaining these properties, 
such as characterization of the porous structure by surface 
area or porosimetry measurements, are model dependent 
and are not known for their absolute reliability. Therefore, 
this paper investigated the use of routine permeability 
measurements to determine the mechanisms of gas transport 
in Queensland Tertiary oil shales. 
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In this study, rectangular prisms were cut from air-dried 
samples of Stuart or Condor oil shale so that bedding planes 
were either parallel or normal to the faces of the prism. The 
permeability measurements were conducted by applying a 
constant pressure (ranging from 200 to 750 kPa) of either air 
or helium to one end of the sample, and collecting the gases 
leaving the other end at atmospheric pressure 
(approximately 100 kPa). 

Descriptions of multicomponent gas transport in porous 
media generally invoke three independent mechanisms: 
Knudsen diffusion in which the resistance to mass transfer is 
due to collision of the molecules with the walls of the porous 
medium, and in which components move under the influence 
of their own partial pressure gradient; viscous or bulk flow in 
which the gas acts as a continuum fluid driven by a total pres-
sure gradient; and ordinary diffusion in which the different 
species of a mixture move relative to each other under the 
influence of a mole fraction gradient. For a single-
component gas, the Knudsen diffusion and viscous flow 
mechanisms prevail. 

Duffy and Haynes determined that Knudsen diffusion is the 
dominant transport mechanism in Stuart and Condor oil 
shale, based on two experimental results: 

The relationship between the molar gas flow rate 
(of air or helium) and the pressure differential 
across the sample is constant 

The relationship between the molecular weight of 
the gas (air or helium) and the in-plane Knudsen 
diffusion coefficient is constant 

In addition, the authors determined average effective in-
plane Knudsen diffusion coefficients of 73x104 and 9.5x104 
square meters per second, for Stuart and Condor shale oil, 
respectively. As found in previous studies, there is little 
evidence of intersample variation. 

Earlier analysis of the drying kinetics of oil shale at tempera-
tures from 100 to 250°C, corresponding to mean pressures 
from 50 to 1,500 kPa, yielded an average Knudsen diffusivity 
for steam of 2.1(+ 0.6)x10 7m2 per second. Based on the 
measurements of the air diffusivity at room temperature, the 
authors estimate the Knudsen diffusivity of steam in the 
dried oil shale matrix at 175°C of 1.2 (±.0.2)x107m2s4, which 
is in good agreement with the drying result. For Condor 
shale, the values are 1.6 (.±.O.5x1O m211 from the drying 
experiments and 1.5a0.3)xIO m21' based on the per-
meability measurements estimate. 

The average Knudsen diffusivity for transport normal to the 
bedding planes of Stuart oil shale was found to be 
5.7xlW m s, more than a factor of 10 less than the value for 
parallel diffusion. This pronounced anisotropy has implica-
tions for the processing of oil shales because the characteris-

tic size for the processing of a lump of shale must take into 
account the disposition of the bedding planes to the lump 
shape, i.e., the characteristic drying or retorting time of the 
sample will be determined more by the dimension of the par-
ticle parallel to the bedding plane than by the normal dimen-
sion. In other words, the characteristic dimension for 
transport may not be well represented by measures such as 
sieve size or particle volume and a detailed understanding of 
the fracture mechanics of the rock is required to comple-
ment the transport modeling. 

Flow rates parallel to the bedding planes in retorted Condor 
shale are approximately 3 orders of magnitude higher than 
through raw oil shale. The existence of a marked depend-
ence of the flow rate on mean pressure indicates a major con- 
tribution from viscous flow. The effect of retorting is to 
open out the pore structure considerably, but more work is 
required to quantify and generalize these observations. 

The authors conclude that the dominant mechanism for gas 
transport through unretorted oil shale is Knudsen diffusion. 
The measured values of the effective Knudsen diffusivity for 
air and helium at room temperatures can be extrapolated to 
yield estimates for water vapor transport rates under rapid 
drying conditions (temperature up to 250°C) which are in 
excellent agreement with earlier direct measurements of 
those rates. Routine permeability measurements, which are 
quick and inexpensive, can therefore be used to predict the 
drying kinetics of oil shale samples for design and process 
control purposes. 

COLUMN FLOTATION OF ALABAMA OIL SHALE 
ACHIEVES 60 PERCENT CARBON GRADE 

The column flotation characteristics of Alabama oil shale 
were presented in a paper by J.G. Groppo and B.K. Parekh 
at the 1992 Eastern Oil Shale Symposium held in Lexington, 
Kentucky in November. 

Eastern United States oil shale contains approximately 10 to 
12 gallons of oil per ton and 7 to 10 percent pyritic sulfur. 
Physical beneficiation of these low grade shales using froth 
flotation provides a high grade material which will make ex-
traction of oil more economically attractive. 

The oil shale sample utilized for this study was obtained 
from the Chattanooga formation in northeastern Alabama; it 
contained 16.46 percent organic carbon and 14.5 gallons of 
oil per ton as determined by Fischer Assay. Liberation size 
of the kerogen was estimated at 10 micrometers. 

Column flotation experiments were conducted using a 
0.05 meter inside diameter, 6 meter tall "Ken-Note" column 
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with a porous rubber tube for bubble generation. During 
column flotation testing, samples of the froth and tailings 
were collected simultaneously at equilibrium conditions. 

The results of initial fine grinding studies show that the 
energy consumption required to reduce the feed shale to a 
grind size required for flotation reed (d approximately 
10 micrometers) was approximately 190 kilowatt-hours per 
ton. However, optimization studies conducted by other 
researchers have resulted in a net energy consumption as low 
as 50 kilowatt-hours per ton. 

The "Ken-Flote" column flotation studies were conducted 
using a frother dosage of 0.68 kilograms per ton and the 
ground slurry (d approximately 10 micrometers) diluted to 
5 percent solids ry weight. Increasing airflow rate from 1 to 
3 liters per minute increased carbon recovery from 26 to 
57 percent; however, the grade of the concentrate remained 
essentially constant at approximately 60 percent carbon. In-
creasing washwater addition rate or increasing froth height 
lowered carbon recovery and had no significant effect on con-
centrate grade. 

Studies were conducted to evaluate a two-stage column flota-
tion scheme where a rougher concentrate was obtained in 
the first stage and was refloated in a cleaner stage to im-
prove the grade of the column froth product. The overall 
recovery of this two-stage -process was 30.0 percent with a 
final product grade of 56.75 percent carbon. These results 
show that cleaner flotation can increase the carbon content 
of the final product, however, the overall recovery was poor. 

Several other reagent packages were tested to improve flota-
tion performance, including the use of ash dispersants and 
PH adjustments. Neither showed any significant effect on 
either recovery or concentrate grade, nor did other frothers 
with the exception of a slight improvement in recovery ob-
tained with pine oil. 

It was determined that the most effective method for increas-
ing carbon recovery without reducing concentrate grade was 
to increase retention time. The results shown in Figure 1 in-
dicate that increasing the retention time from 20 to 
30 minutes provided 75 to 85 percent carbon recovery while 
the concentrate grade improved to 40 to 48 percent carbon. 
The long residence time necessary for effective flotation is 
attributed to low probabilities of bubble-particle collision 
and attachment for fine (<10 micrometers) particles rather 
than carrying capacity limitations of the froth. 

###1 

OXIDIZED SHALE CATALYZES NO REMOVAL 
K 

Oxidized oil shale from the combustor in the Lawrence Liver-
more National Laboratory hot recycle solids oil shale retort-

FIGURE 1 

EFFECT OF RETENTION TIME 
ON CARBON RECOVERY

AND CONCENTRATE GRADE 
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ing process has been studied as a catalyst for removing 
nitrogen oxides from laboratory gas streams using ammonia 
as a reductant. A paper by J.G. Reynolds, et al., was 
presented at the Symposium on Processing and Product 
Selectivity of Synthetic Fuels sponsored by the Fuel 
Chemistry Division of the American Chemical Society held 
in Washington, D.C. in August. 

At present, a practical way of lowering NO emissions in in-
dustrial boilers employs selective catalytic reduction (SCR) 
using NI-I3 at approximately 300°C. Noncatalytic reduction 
of NO2 by NI-I3 at approximately 950°C is also practiced. 
The authors investigated factors which influence emissions of 
NE  and NO during oxidation of retorted shale. 

Experimental 

Experiments were performed at constant heating rates or 
isothermally at ambient pressure in a silica glass tube 
mounted vertically in an electric furnace. The thermal cen-
ter of the tube was filled over a length of 8 centimeters. Bed 
materials were either oxidized (combusted) Green River oil 
shale or porous white firebrick. The shale bed used in the 
constant heating rate experiments was prepared by burning 
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shale at temperatures as high as 850°C in air which assured 
that a significant fraction of the calcite (CaCO3) in the shale 
was decomposed to lime (CaO), and no organic carbon 
remained. 

Analysis of Nil3, NO, NOV N2,H2, 02' H20, and Ar was by 
mass spectrometer. 

Nitrogen oxide removal utilizing SCR with Ni!3 as the reduc-
tant is chemistry which could go through several reactive 
oxide intermediates. No attempt was made to study the 
mechanism(s) of the reactions. 

NO Reduction at Healing Rate of 10°C per Minute 

Oxidized (combusted) Green River oil shale was heated at 
10°C per minute in a gas mixture of Ar with approximately 
5 percent 02, 2,000 ppm NO, and 4,000 ppm NH  at a gas 
residence time of approximately 0.6 seconds from 200 to 
700°C. Figure 1 shows the results. At 250°C, the NO con-
centration of the reactor effluent begins to decrease with 
respect to the NO concentration in the reactor inlet. This 
decrease continues to 400°C where a maximum NO removal 
of 70 percent is reached. For temperatures above this maxi-
mum, NO removal activity steadily decreases. At tempera-
tures above 500°C, there is a net production of NO, which 
continues to increase the concentration of NO in the reactor 
effluent with increasing temperature. 

FIGURE 1 

LOSS AND FORMATION OF NO 

1.5

±tI'EIIIiL1 
Firebrick 

__I ! 

200	 300	 400	 500	 600	 700	 800	 900	 1000 

Temperature. °C 

SOURCE: REYNOLDS. ET AL.

According to the paper, the decrease in NO in the reactor 
effluent at temperatures from 250 to approximately 500°C is 
probably due to NO reduction by NH 3' mostly by reaction. 
Rough nitrogen balances for N2 production and NO and 
NH3 consumption support this. At temperatures above ap- 
proximately 500°C, net NO is produced. Rough mass 
balance indicates this is probably due to ammonia oxidation 
and nitrate decomposition. At 600°C, a large fraction of 
NH  appears to be converted to NO. 

After the shale has been reacted with NO and 0, heating 
above 400°C results in the release of NO and 02. %!owever, 
x-ray diffraction did not reveal any nitrates. 

Figure 1 also shows the behavior of the same gas mixture 
flowing over firebrick under the same conditions. There is 
total lack of NO removal activity until temperatures go 
above 850°C, the temperature range assigned to thermal 
denox. 

The authors presume that if the mixture of NO and NH  had 
been heated to 900°C over oxidized shale, NO would have 
decreased to the values observed over firebrick. This predict-
ion is based on the assumption that at high temperatures 
thermodynamic equilibrium is likely to prevail, and at 900°C, 
NO remains unstable with respect to N2 and 02. 

NO Reduction at Isothermal Conditions 

Figure 1 shows that the temperature for maximum NO reduc-
tion over oxidized shale is 400°C at the 10°C per minute heat-
ing rate. In efforts to optimize removal conditions and ob-
tain better mass balances, NO removal was performed 
isothermally over the oxidized oil shale. Table 1 lists these 
results using shale that contains 03 weight percent char. 

The first experiment listed in the table was carried out with 
the same gas composition as in the constant heating rate ex-
periments shown in Figure 1. The NO removal is slightly 
lower than the maximum removal found for the constant 
heating rate experiment. This may be due to the shale bed 
in the isothermal experiments containing little or no lime 
preventing NO removal by nitrate formation as a supplement 
to SCR. 

The second experiment in Table 1 shows the reaction of NO 
over the oxidized shale in the absence of NH 3 as the reduc- 
taM. Some decrease in the NO concentration in the product 
effluent compared to the inlet stream does occur without the 
presence of NH 3. This could be through reaction, or by 
reduction by char. A 2,000 ppm concentration of CO 2 is ob-
served, indicating char oxidation. 

To simulate the real combustion stream for the hot recycle 
solids process, approximately 8 percent CO  was added to 
the reaction gas mixture. The third experiment in Table 1 
shows the NO removal with NE  present in excess. Al-
though the removal is almost 50 percent, which demonstrates 
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TABLE 1 

REMOVAL OF NO OVER COMBUSTED OIL SHALE 
(Isothermal) 

Experi- NO Re- Residence 
meat. # L°Q NIIJNQ Q02 noval. % Time (sec) 

1 365 2.8 No 64 0.6 
2 365 0a No 19 0.6 
3 375 2.8 Yes 49 0.6 
4 383 2.8 Yes 50 0.6 
5 374 00 Yes 8 0.6 
6 385 13 Yes 62 12 
7 402 1.0 Yes 63 12 
8 385 1.0 Yes 61 1.2

No NH  in gas stream 

that the oxidized oil shale has catalytic properties even with 
CO in the gas stream, the removal is reduced to 75 percent 
of the removal found without CO in the gas stream. Rais-
ing the reactor temperature from 175 to 383°C showed only 
a 1 percent increase in removal of NO. 

The CO  in the gas stream also appears to have an effect on 
the ability of the catalyst to remove NO with or without the 
presence of the NH reductant. Comparing the second and 
fifth experiments in i'able 1 shows the NO removal with CO  
but no NH in the gas stream is approximately 50 percent 
lower than in the case without CO  in the stream. This may 
be due to the absence of char as a reducing agent or due to 
absorption instead of catalysis, suggesting the CO  is compet-
ing with NO for absorption sites on the shale.

Experiments 6 through 8 in Table 1 also show that NO 
removal increases significantly when the gas stream 
residence time (containing CO 2)is doubled to approximately 
1.2 seconds. 

Conclusions 

Oxidized (combusted) oil shale from the hot recycle solids 
process exhibits catalytic activity for the removal of NO from 
laboratory gas streams using NH  as the reductant. Typical 
NO removal is 60+ percent at a 1.2 seconds gas residence 
time, a reactor temperature range of 380 to 400°C, and for a 
gas containing approximately 2,000 ppm NO, 2,000 ppm 
Nil3, and 8 percent CO 2'

In, 
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INTERNATIONAL 

OIL SHALE DEVELOPMENT IN MOROCCO 
SUGGESTED 

The possibilities for oil shale development in Morocco are 
summarized by 0. Bekri, the head of the oil shale division of 
ONAREP, the Moroccan national oil company, in an article 
recently published in Ener2eia. Volume 3, Number 5, 1992. 

Morocco is among the world's leading countries in terms of 
total indigenous oil shale resources. Following the 1973 oil 
crisis, Morocco has been determined to develop its oil shale 
energy resource. In the years following the crisis, a tremen-
dous number and variety of studies and research efforts have 
resulted in an enormous amount of data, covering geological, 
hydrogeological, mining, physical and chemical aspects of the 
two main deposits, Timandit and Tarfaya. 

Since 1981, data which were obtained from retorting and 
combustion tests, have served as a basis for eight major 
feasibility studies of industrial oil and electricity production 
projects by oil companies, oil shale developers and power 
producers. The technical and economic feasibility studies of 
oil shale have shown that the selling price of a shale oil bar-
rel, with a rate of return acceptable to investors, should 
range from $30 to $35. The conjectural increases in future 
crude oil prices makes the potential oil shale projects more 
attractive. 

Given the present discrepancy between the price of 
petroleum and shale oil-produced crude oil, one might con-
clude that realistically, the development of oil shale in 
Morocco could take place at least 30 to 50 years from now. 
According to Bekri, a country like Morocco, which imports 
crude oil and coal to satisfy more than 90 percent of its 
energy needs, cannot afford to discard the country's impor-
tant oil shale resources from its energy agenda. An effort 
must be made to find a realistic strategy for oil shale develop-
ment in Morocco. 

The Timandit and Tarfaya oil shale deposits, which are the 
most important and the most studied deposits, contain 
37 billion barrels of oil. Although they are quite abundant 
locations, Morocco should not stop there in its exploration of 
deposits, says Bekri. An effort to study other deposits more 
thoroughly to appreciate their characteristics and particularly 
to judge theft reserves and grade must be made. 

As a complete resource investigation is impossible, due to 
financial constraints, the types of projects and production 
capacities to target is of primary concern. The production 
capacities considered in the project feasibility studies were 
quite large. 

Five oil production studies have been performed, two of 
which were greater than 50,000 barrels per day in size. A

50,000-barrel-per-day production, which is considered a stan-
dard capacity for a commercial-size oil shale facility, repre-
sents more than 40 percent of the Moroccan national con-
sumption today. In a study of electricity production, the 
1,000 megawatt capacity, which was considered for the 
Timandit powerplant project, represents two-thirds of the to-
tal capacity installed in Morocco. 

With less than a handful of commercial-size oil shale plants, 
Morocco could be completely energy self-reliant. Such 
projects involve an enormous quantity of rocks, however, 
and necessitate a major investment. The existence of both 
technological and financial risks has created a road block to 
their development. To lessen the risks, the first projects 
should be of a small and easily controllable size, such as the 
3,000-barrel-per-day Brazilian Petrosix industrial module 
which was started December 1991. Only in this manner can 
an oil shale industry become a reality. 

Promoting fluidized-bed retorting processes, presently in the 
development stage, will also require an initial production 
size on the order of 3,000 barrels per day. Fluidized combus-
tion processes, used for the production of electricity, are 
more developed and can be brought to commercial-size 
more quickly. 

The processing of oil shale generates byproducts (e.g., sulfur, 
gas and ammonia) which have, in the case of Morocco, a real 
industrial and commercial importance. The retorting and 
combustion ash could be used for clinker production in the 
cement manufacturing industry. The utilization of these valu- 
able byproducts is what will make oil shale development 
worthwhile, and economically feasible in the future, says 
Bekri. 

The encouraging result of the first studies by the Moroccan 
Public Laboratory for Studies and Tests on the use of Tar-
faya oil shale in cement manufacturing, should motivate 
others to look at this option with interest, inasmuch as the 
use of ash in the cement manufacturing industry is already 
operational in other countries like Estonia, Germany and the 
United States. A cement plant, which would integrate a 20-
megawatt oil shale powerplant for its energy needs, as well as 
make use of the combustion ash as an additive to the clinker, 
would have to be a respectable size. A project of this type 
could serve as a demonstration and as an introduction to the 
use of oil shale for electricity production on a larger scale. 

In feasibility studies of oil extraction projects, only the 
production of distillable liquids has been considered, but this 
involves severe and costly hydrotreating methods. Alterna-
tive uses for the crude shale oil deserve attention because 
the economics for the production of a completely fuel-based 
slate of products from oil shale is not currently favorable. 
One approach is to fractionate the oil into light and heavy 
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portions and to directly use the heavy ends as an asphalt 
product. With this approach, upgrading costs for the distill-
ables are lowered, and the plant can be smaller because the 
demand for asphalt is much lower than for transportation 
fuels. The point to consider here is, that with innovative ap-
proaches and the exploitation of niche markets, it is possible 
to initiate an oil shale industry on a modest scale in the near 
future. 

Bekri recommends that those countries which continue to 
import greater and greater quantities of crude oil, coal or sul-
fur actively initiate and maintain oil shale research and 
development programs within their countries. In addition, 
the first oil shale projects should be reasonably small scale 
and should not necessarily target an energy-based product as 
the final goal. 

Bekri concludes that the future of oil shale projects is of 
course, bound to crude oil prices. However, the oil shale 
development effort which has been made to date should be 
maintained so that Morocco could be, at the right time, up 
to the challenge of exploiting its oil shale resources. 

OIL SHALE RESEARCH IN TURKEY REVIEWED 

A paper prepared by A. Onen and K. Gulec for the 1992 
Eastern Oil Shale Symposium held in Lexington, Kentucky 
in November reviews the status of oil shale research in 
Turkey. 

Oil shales constitute the second largest solid fuel reserves of 
Turkey, totaling 5 billion tonnes. However, to date, utiliza-
tion and research efforts have not reflected the importance 
of oil shales in Turkey. Research reported in literature 
before the 1960s was limited and the first systematic explora-
tion was performed by the Mines and Technical Research 
Institute in 1965. 

There are seven important reserves which have been 
evaluated to some degree and over 20 nonevaluated 
reserves, but only two of them have been characterized in 
detail. These are the Goynuk and Seyitomer oil shales which 
both occur on top of lignite reserves. Various different 
methods have been used to characterize these two reserves 
including the Van Krevelen plot (0/C versus H/C), 
IR spectroscopy, NMR spectroscopy, bitumen and kerogen 
distribution, hopane analysis and elemental analysis. All 
these methods indicated that both of these reserves are 
type I kerogens which are immature and thermally unaltered. 

The oil yield data obtained for the Goynuk and Seyitomer oil 
shales classified these two reserves as very high and high oil 
yielding reserves. This is the expected manifestation of 
type I kerogen. Characterization of the pyrolysis tars using

simulated distillation show that there is a great resemblance 
to kerosene, diesel and fuel oil for three different cuts boil-
ing at <190,190-220, and <320°C. 

There have been process screening studies, especially on 
Goynuk oil shale, which included Fischer, Heizge, and 
fluidized bed retorts. Self generated, nitrogen and steam 
sweep environments have been studied. Generally, fluidized 
bed retorts gave the highest yields. 

Higher process conditions such as hydropyrolysis, and 
catalytic hydropyrolysis were studied for Goynuk and 
Seyitomer oil shales. For Goynuk over 98 percent total con-
version was achieved for hydropyrolysis. Catalytic 
hydropyrolysis was not as effective for Seyitomer due to its 
high mineral matter content which was reported to have a 
catalytic effect on char forming reactions. 

There have been some studies on the environmental aspects 
of shale oil production, especially concerning the polycyclic 
aromatic hydrocarbon content and their carcinogenic ac-
tivity.

#fl# 

DIFFERENT THERMAL CONDUCTIVITY OF FUSHUN 
AND ESTONIA SHALE AFFECI'S PROCESSING 

Differences in the thermodynamic characteristics of Fushun 
oil shale from China and Estonian oil shale (kukersite) were 
discussed in a paper by S. Li and J. Qian published in the Es-
tonian journal 211	 1992, Volume 9, Number 3. 

The two countries of China and the former USSR (in par-
ticular Estonia), have had oil shale industries in operation 
for several decades. In recent years, cooperation between 
the two countries on the research and development of oil 
shale has been enhanced. This has opened the door for 
research on the comparison of the pyrolysis of oil shale from 
China and Estonia. 

In the oil shale retorting processes, oil shale lumps rather 
than fines usually have been used as feedstock. From previ-
ous studies, it was found that the pyrolysis of oil shale lumps 
is much more complicated than pyrolysis of oil shale lines. 
The former involves not only chemical reactions, but also 
heat transfer, mass transfer, and sample disintegration. Be-
cause of poor thermoconductivity of oil shale, intraparticle 
heat transfer becomes the controlling step during the 
pyrolysis of oil shale lumps. Thus, the investigation of 
intraparticle heat conduction is the key to understanding the 
overall pyrolysis of oil shale lumps, say Li and Qian. 

Their study was divided into two parts: determination of 
weight loss and measurement of temperature gradients 
within the lump. Three microthermocouples were inserted 
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into the center, half radius and at the surface of the sample 
to obtain the local temperature profile. Each sample was 
heated at a rate of 2°C per minute to a final temperature of 
5500 to 600°C. 

The composition of each type of shale is summarized in 
Table 1. The kukersite contains about 3 times more oil than 
the Fushun oil shale, on a weight percent basis. 

The thermophysical properties of each type of shale are 
presented in Table 2 (next page). At temperatures between 
2000 and 500°C, the thermal conductivity of the Fushun oil 
shale is almost double that of the kukersite. In addition, 
Fushun oil shale has a higher heat capacity than 
kulcersite-5 times higher at 600°C. 

From the experimental results of this study, the authors draw 
the following conclusions: 

The internal temperature gradient increases 
gradually as the surface temperature of the lump 
increases. From this the authors conclude that in-
ternal thermal conduction is a controlling step in 
the overall pyrolysis of oil shale lumps.

The internal temperature gradient increases as the 
oil shale lump size increases. For a heating rate of 
2°C per minute and constant surface temperature 
above 550°C, the center temperature of a 50-
millimeter diameter oil shale lump reaches 550°C 
after 1 hour of heating, while a 20-millimeter 
diameter lump requires only 10 minutes of heating. 

The internal temperature gradient increases as the 
heating rate increases, resulting in higher required 
final pyrolysis temperatures. 

Heating rate and lump size have little effect on the 
kinetic parameters of oil shale lump s. For that 
reason, the kinetic results from this study can be 
taken as intrinsic kinetic parameters which are inde-
pendent of the internal temperature gradient, say 
Li and Qian. 

- During the pyrolysis of oil shale lumps, the ap-
parent activation energy for kukersite proved to be 
higher than that for Fushun oil shale. 

Sn' 
The internal temperature gradient is dependent on 
the thermal conductivity of the oil shale lump. At • a 
heating rate of 2°C per minute, a Fushun oil shale 
sample with a lump size of 50 millimeters in 
diameter yields a maximum temperature difference 
between surface and center of about 31°C, while a 
kukersite sample yields a maximum difference of 
about 74°C.

TABLE 1 

ANALYSIS DATA OF 
FUSHUN OIL SHALE AND KUKERSITE

Fushun 
Oil Shale Kukersite 

Fischer Assay, Wt% 
Oil 8.14 23.60 
Pyrolysis Water 6.53 1.80 
Char 82.21 69.50 
Gas 3.12 5.10 

Proximate Analysis, Wt% 
Volatile Matter 17.51 38.80 
Moisture 4.15 - 
Ash 73.86 50.50 
CO 2.40 19.00 

Pyrolysis Reaction Heat, Id/kg 312.75 249.70

WASTE MATERIALS OF ISRAELI COMBUSTED OIL 
SHALE CLASSIFIED AS HAZARDOUS IN TESTS 

In a paper prepared for the 1992 Eastern Oil Shale Sym-
posium held in Lexington, Kentucky in November, M.Shirav 
of the Geological Survey of Israel discussed the status of 
combusted oil shale disposal in Israel. 

Standard ASTM and EPA-EP batch leaching tests were 
carried out on spent bed and cyclone catch materials originat-
ing from a fluidized-bed pilot plant combusting Israeli oil 
shale. 

The composition of the raw oil shale is basically that of a 
marly carbonate with an avenge 15 weight percent organic 
matter content. The mineralogical composition of the waste 
material after 800°C combustion is: calcite 7 percent, 
anhydrite 30 percent, CaO 4 percent, apatite 4 percent, 
quartz 2 percent and belite (Ca SiO4)+gehlenite 
(Ca 2AISiO7) 53 percent. There are slig?t variations in the 
proportions of the minerals in the spent bed and the cyclone 
catch due to higher temperatures in the free-board area. 

Element release into the leachates as a percentage of the 
original content within the solid wastes was calculated and 
divided into four groups: <0.1 percent Zn, V, Ni, Cu; 0.1 to 
1 percent Mn, Cr; I to 5 percent Cd, As, SO 4; and 
>5 percent Mo, Se. This suggests that the most volatile ele-
ments are associated with the anhydrite and are mobilized 
more easily into the leachates than are other elements which 
are incorporated within the newly synthesized silicates—belite 
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TABLE 2 

THERMOPIIYSICAL PROPERTIES OF FUSHUN OIL SHALE 
AND KUKERSITE 

—Temperature. °C 
200
	

300	 400	 500	 600 

Fushun Oil Shale 
C,kJ/(kK) 1.55 
a x i0, in Is 34.66 

Kukersite 
C ,ki/(kgK) 1.13 
a	 m2/s 19.0

1.77 2.20 3.21 5.21 
32.27 29.87 27.47 25.08 

132 1.85 1.64 1.29 
17.8 15.1 14.6 25.6

and gehlenite. These minerals are known to be thoroughly 
substituted, with cation replacement in almost all crystal 
sites. Although the pH of the leachates is 11.5 to 12.5, the 
concentrations of arsenic, cadmium, chromium, selenium, 
molybdenum and sulfate are well above the drinking water 
standards and even (in the case of some traces) above the 
recommended irrigation water criteria. Trace element levels 
in the leachates do comply with the United States Resource 
Conservation and Recovery Act standards, but because the 
Israeli Ministry of the Environment uses only drinking water 
standards, the wastes are categorically defined as hazardous 
materials. 

Shirav points out that applying hazardous regulations to oil 
shale wastes could be crucial for the economics of their 
utilization. However, the geographical location of the oil 
shale operations is an ideal site for hazardous waste disposal: 
it is remote, with annual rainfall <50 millimeters, without 
any, contact with aquifers, tectonically stable and could be 
easily protected from occasional flash floods. Thus, although 
the waste materials of combusted Israeli oil shale are clas-
sified as hazardous according to the current standards, 
Shirav believes that the excellent disposal conditions in the 
area should exempt these wastes from being placed under 
hazardous restrictions.

##fl 

NEW PROCESS DEVELOPED FOR EXTRACTION OF 
ALKYL RESORC1NOLS FROM KUKERSITE TAR 
WATER 

Research carried out on the processing of Estonian kukersite 
has resulted in the definition of a new process for extracting 
valuable alkyl resorcinols (AR) from the tar water. This was 
reported in the Estonian journal 211 Shale by L. Molder and 
H. Tamvelius.

At present, the processing of oil shale AR (the water-soluble 
phenols) involves the following steps: 

Extraction of phenolic compounds from the tar 
water 

- Rectification of the extract into narrow fractions 

- Separation of the crystalline technical grade 
5-methylresorcinol (5-MR) from the 280 to 295°C 
fraction enriched in this compound 

- Synthesis of chemical products from these crystals 
and narrow fractions 

The extraction of AR from tar and other phenol waters is 
accomplished with isopropyl ether, butyl acetate or most fre-
quently, their mixture. Rather unwieldy is another key step 
of AR technology, the batch vacuum rectification of total 
water-soluble phenols. In this process the mixture of AR is 
subjected to long, high-temperature treatment. The result-
ing condensation of phenolic compounds leads to a sig-
nificant loss of AR. The batch rectification itself is charac-
terized by a high energy consumption. 

In the Molder and Tamvelius paper, the applicability of 
another system to processing AR is considered. It consists of 
two-stage treatment of the incoming phenolic water by the 
mixed atractant (mixture of butyl acetate and isopropyl 
ether), both the stages having independent extractant cycles. 
In the first stage, the bulk of long-chain AR and monohydric 
phenols is extracted from the water. In the second stage, the 
water is subjected to exhaustive dephenolization and an ex-
tract with a high mass fraction of S-MR is obtained. The ex-
tract may be used as a raw material for obtaining technical 
grade 5-MR. 

Use of a two-stage system is possible only if two water 
dephenolization units with a capacity high enough to enable 
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their series connection are available. This condition has 
been fulfilled at the polevkivikeemia* Production Associa-
tion at Kohtla-Jarve, Estonia. 

In their paper, Molder and Tamveius develop a relationship 
for determining the atractant/water ratio needed to achieve 
a desired residual concentration of AR in the water and a 
desired mass fraction of 5-MR in the raffinate of Stage 1. 
This relationship depends on the composition of AR in the 
feed water, the composition of the extractant, and the rela-
tive depth of AR extraction. 

It has been found that under industrial conditions, a main 
product with a 5-MR content of 70 percent or more can be 
obtained. 

CHINESE SHALE OILS ANALYZED 

L. Cai, et al., reported on the composition of Chinese 
Fushun and Maoming shale oil at the International Sym-
posium on Heavy Oil Residue Upgrading and Utilization 
held in Fushun, Liaoning, China in May. 

The oil shale resources in China fall behind the United 
States, Brazil, and the former USSR, ranking fourth in the 
world. China has 60 years of shale oil experience, processing 
about I million tons over this time period.

ficulty in further processing. On the other hand, the non-
hydrocarbons are valuable stocks in the comprehensive 
utilization of shale oil. For this reason, the compositions of 
the shale oil have been determined in order to put the shale 
oil to the optimum use. 

Thin layer chromatography was used to determine the com-
position of Fushun and Maoming shale oil. The analysis was 
divided into the following groups of compounds: saturated 
hydrocarbons, unsaturated hydrocarbons, aromatics, oxygen-
containing compounds and nitrogen-containing compounds. 
The results of these analyses are presented in Tables 1 and 2. 

In all cases, the saturated hydrocarbons comprise the largest 
component of the shale oil. The heavier (higher tempera-
ture) fractions show the highest concentration of saturated 
hydrocarbons. The unsaturated hydrocarbons, mostly 
olefins, tend to be concentrated in the lighter (low tempera-
ture) fractions. The predominant aromatic compound is 
naphthalene; however, the authors found that the naph-
thalene content in Maoming shale oil is much higher than 
that in Fushun shale oil. 

Phenols are the main components of oxygen-containing com-
pounds in both types of shale oil. Cai, et al., found 65 and 
48 individual oxygen-containing compounds in the Maoming 
and Fushun shale oil, respectively. Alkyl nitrile compounds 
are the main components of the nitrogen-containing com-
pounds in both Fushun and Maontg shale oils. In the 
Maoming and Fushun shale oil, 90 and 58 individual 
nitrogen-containing compounds were identified, respectively. 

The shale oil in China is rich in unsaturated hydrocarbons	 Sulfur-containing compounds were detected in the light frac-
and nitrogen-, oxygen-, and sulfur-containing compounds, 	 tions of both shale oils, but no further observation was made 
which are detrimental to oil products and cause some dif- 	 due to insufficient analytical methods. 

TABLE 1

ANALYSIS OF FUSHUN SHALE OIL 

IB?- 300- 350-
300°C 3500C 4500C >450°C 
Wt% Wt% Wt% Wt% 

Saturated 
Hydrocarbons 42.1 57.5 85.1 84.7 

Unsaturated 
Hydrocarbons 24.5 25.6 16.6 13.6 

Aromatics 19.7 8.6 ci - 
Oxygen-Containing 
Compounds 7.2 2.0 - - 

Nitrogen-Containing 
Compounds 7.7 5.9 <1 <1
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TABLE 2

ANALYSIS OF MAOMING SHALE OIL 

	

IB?-	 220-	 250-	 300-	 350-	 400-

	

220°C	 250°C	 300°C	 350°C	 400°C	 450°C 
WL% wom	 % W	 W 

Saturated
Hydrocarbons 43.6 403 47.1 41.3 82.8	 85.9 

Unsaturated 
Hydrocarbons 23.2 20.9 19.6 12.6 9.8	 11.2 

Aromatics 16.8 19.4 18.3 12.1 4.9	 <0.5 

Oxygen-Containing 
Compounds 53 4.9 4.8 9.2 -	 - 

Nitrogen-Containing 
Compounds 13 6.0 6.6 2.7 <1	 -

'In
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RESOURCE 

NEW LAWS AND REGULATIONS AFFECT 
UNPATENTED OIL SHALE MINING CLAIMS 

The recently passed Energy Policy Act of 1992 and the Fiscal 
Year 1993 Appropriations Act for the United States Depart-
ment of the Interior (DOD both contain provisions which af-
fect unpatented oil shale mining claims. In addition, two 
proposed regulations regarding restrictions on use and bond-
ing of unpatented mining claims are under consideration by 
the Bureau of Land Management (BLM). 

FY 1993 Appropriations Act 

The Fiscal Year 1993 Appropriations Act for the DO!, 
signed October 5, 1992, requires holders of unpatented min-
ing claims to pay the federal government a new rental fee of 
$100 per claim per year. 

The new fee is intended to reduce unnecessary surface distur-
bance that may be carried out solely to maintain a mining 
claim and to discourage nuisance mining claims. The rental 
fee requirement, which will expire September 30, 1994, 
suspends a Mining Law requirement for performance of a 
minimum of $100 of assessment work per claim per year. 
Claims are defined as lode claims, placer claims, mill sites, 
and tunnel sites. There are more than 1 million mining 
claims of record on federal lands. 

The BLM is issuing interim procedures for meeting the new 
requirements and for processing the fees. Congress made an 
exception to the rental requirement for 'small miners" who 
have 10 or fewer claims and who meet certain criteria with 
respect to levels of production or exploration activity and un-
reclaimed surface disturbance. 

Some key provisions of the rental fee requirement are as fol-
lows. For claims located on or before October 5, 1992, 
claimants will still have to submit to the BLM by 
December 30, 1992, an affidavit that they have completed 
$100 worth of work per claim between September 1, 1991 
and September 1, 1992. 

To hold their claims for the next 2 years, claimants must pay 
the BLM the $100 per year per claim rental. Failure to remit 
the rental will constitute a statutory abandonment of the 
claim, and it will be declared void. 

Proposed Restrictions on Use of Unpateated Mining Claims 

The BLM is proposing rules that would set forth restrictions 
on use and occupancy of unpatented mining claims and mill 
sites located on BLM-managed federal lands under the Min-
ing Law of 1872, as amended. The proposed rule would limit 
the use of such lands by the claimant to those activities re-

lated to prospecting, mining, or processing operations and to 
uses reasonably incident to those operations. 

The proposed rule would define key terms, such as "use," 
"occupancy," "exploration," "mining operations," and 
"reasonably incident." In addition, it would establish stan-
dards for use or occupancy; procedures for initiating oc-
cupancy, prohibited acts; procedures for inspection and en-
forcement; and procedures for recognizing and managing ex-
isting occupancies. It would also provide for penalties and 
appeals procedures. 

The proposed rule would apply only to lands managed by the 
BLM. It does not apply to state or private lands where the 
mineral estate has been reserved to the United States or to 
federal lands administered by other federal agencies even 
though they may be open to the operation of the Mining 
Law. 

Proposed Bonding Regulations for Unpatented Mining 
Claims 

The BLM also plans to publish bonding regulations that af-
fect mining operations by the end of 1992. 

The rulemaking on new bonding requirements is intended to 
ensure proper reclamation on all mining operations on 
public lands. It would require financial guarantees for all 
mining operations greater than casual use. The rule would 
also expand the number of financial instruments acceptable 
to the BLM as financial guarantees. 

The proposed rule would require notice-level operations 
(disturbing S acres or less per year) to file a certificate of the 
existence of a financial guarantee worth at least $5,000. Un-
der the proposed rule, a plan-level operation (disturbing 
S acres or more per year) would have to post BLM and/or 
state bonds equal to the estimated cost of reclamation, but 
not to exceed $1,000 per acre for exploration or $2,000 per 
acre for mining activities. 

Energy Policy Act of 1992 

Title XXV of the Energy Policy Act of 1992, signed into law 
on October 24, contains special provisions with respect to 
unpatented oil shale mining claims (see article elsewhere in 
this issue for a general discussion of the Act). 

The holder of a valid oil shale mining claim who has riled a 
patent application and received first half final certificate for 
patent by date of enactment of the Act, may now obtain a 
patent pursuant to the general mining laws of the United 
States.
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The holder of a valid oil shale mining claim who has filed a 
patent application which had been accepted for processing 
by the DO! by the date of enactment of the Act but had not 
received first half final certificate for patent may receive only 
a patent limited to the oil shale and associated minerals, 
upon payment of $2.50 per acre. Title to the surface and to 
all other minerals shall remain in the United States. Patents 
issued pursuant to this subsection shall provide for surface 
use to the same extent as that provided under prior law. 

Within 180 days from the date of receiving notice from the 
DO!, a holder of a valid oil shale mining claim for which a 
patent application was not filed and accepted for processing 
must now elect to either: 

Proceed to a second type of limited patent as 
defined below 

- Maintain the unpatented claim in accordance with 
new requirements outlined below 

Failure to file the notice of election of one of these two op-
tions will constitute an abandonment of the claim. 

A claim holder who elects to receive a limited patent will 
receive title only to the oil shale associated minerals, upon 
payment of "fair market value" for the oil shale and as-

sociated minerals. Title to the surface and to all other 
minerals, shall remain in the United States. 

A claim holder who elects to maintain an unpatented claim 
will no longer be required to perform annual labor, and in-
stead must pay $550 per claim per year. 

Without comment on the adequacy of current or former stan-
dards for determining validity of oil shale claims, Congress 
reaffirmed that a patent may issue only to persons who hold 
valid claims and that there is a need for careful review of any 
applications. 

The $100 per claim fee required by the Appropriations Act 
applies to all unpatented mining claims. The $550 per claim 
fee required by the Energy Policy Act applies to unpatented 
oil shale claims only. According to the BLM, it has not yet 
been determined if unpatented oil shale claims will be sub-
ject to both fees. 

Prior to the passage of the Energy Policy Act, a 1-year 
moratorium which had been placed on the patenting of oil 
shale claims expired. During the period between the expira-
tion of the moratorium and the passage of the Act, at least 
two holders of unpatented claims—Cleveland Cliffs and 
Fred Larson—were able to get their claims patented under 
the old rules.

M#1 
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OIL SHALE PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Confab 92 Conference held in Winter Park, Colorado August 3-7: 

Coburn, T.T., et al., "Characterizing Oil from the LLNL Hot-Recycled-Solid Retort" 

Miknis, F.P., et al., "Solid-State NMR Characterization of Mowry Shale" 

The following papers were presented at the 204th American Chemical Society National Meeting held in Washington, D.C. 
August 23-28: 

Ross, D., "Hydrothermal Media, Oil Shale and Coal" 

Fitzgerald, S.L., et al., '"The Effect of Minerals on Trace Element Distributions in Hydrous Pyrolysates of Kerogens from the 
New Albany Shale" 

Mercer, G.E., et al., "Trace Element Distributions in Kerogen, Bitumens and Pyrolysates Isolated from New Albany Shale" 

Knauss, K.G., et al., "Hydrous Pyrolysis of New Albany and Phosphoria Shales: Effects of Temperature and Pressure on the 
Kinetics of Production of Carboxylic Acids and Light Hydrocarbons" 

Freund, H., et al., "The Effect of Pressure on the Kinetics of Kerogen Pyrolysis" 

The following papers were presented at the 1992 Eastern Oil Shale Symposium held in Lexington, Kentucky November 17-20: 

Hohmann, J.P., et al., "Petrosix-A Successful Oil Shale Operational Complex" 

Onen, A., et al., "Review of Oil Shale Research in Turkey" 

Carter, S.D., et al., "Secondary Coking and Cracking of Shale Oil Vapors from Pyrolysis or Hydropyrolysis of a Kentucky 
Cleveland Oil Shale in a Two-Stage Reactor 

Graham, U.M., et al., "Effect of N -Sweep on the Pyrolysis characteristics of Australian Torbanite and Associated Cannel 
Coal from the Alpha Deposit, bueensland" 

de Souza-Santos, ML., "Application of Comprehensive Simulation to Pressurized Fluidized-Bed Hydroretorting of Shale" 

Patterson, J.H., "A Review of the Effects of Minerals in Processing of Australian Oil Shales" 

Graham, U.M., et al., "Pyrolysis Processing Characteristics and Product Evaluation of the Turkish Cioynuk Oil Shale" 

Dung, NV., "Factors Affecting Product Yields and Oil Quality During Oil Shale Retorting" 

Bekri, 0., et al., "The Use of Tarfaya Oil Shale Ash as an Additive to Cement Clinker" 

Roberts, MJ., et al., "Evaluation of Combustion of Hydroretorted Alabama Oil Shale" 

Harnsberger, P.M., et al., "Investigation of Shale-Oil Modified Asphalts for Use as Crack and Joint Filler in Asphalt and 
Concrete Pavements" 

Groppo, J.G., et al., "Beneficiation Studies of Eastern Oil Shale Using an Advanced Column System" 

Schultz, C.W., et al., "Oil Shale Beneficiation Circuits: An Update" 

Subrahmanyam, S., et al., "Development of a Correlation for Oil Yield in Oil Shales Using the Boyce Model' 
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Reynolds, J.G., etal., "Catalytic Activity of Combusted Oil Shale for Removal of Nitrogen Oxides in Gas Streams" 

Kumar, S., et al., "Safe Disposal of Reactive flotation Tailings and Retorted Fines of Eastern Oil Shale by an Agglomeration 
and Encapsulation Process" 

Lowhorn, R.W., et at, "Batch Biological Treatability Studies of Selected Contaminants in FF1! Wastewater" 

Mensinger, MC., et al., "Physical and Thermal Properties and Leaching Characteristics of Beneficiated Eastern Oil Shale 
Retorted in the PHI Process" 

Dyni, J.R., 'The National Oil Shale Database" 

Ettensohn, ER., et al., "Development of a Core-Logging Manual for the Eastern Oil and Gas Shales" 

O'Brien, N.R., et al., "The Fabric of Black Shales" 

RobI, T.L., et al., "The Geochemistry and Petrography of Luxembourg Oil Shale" 

Minster, T., etal., "A Study of Silicate Minerals Along an Oil Shale Sequence, Israel—Some Paleogeographical and 
Technological Aspects" 

Hutton, AC., et al., "Organic Petrography of Retorted Oil Shale Residues" 

Graham, U.M., et al., "Micro-Pixe Analysis of Framboidal Pyrite and Associated Maceral Types in Eastern Oil Shale" 

Mason, G.M., "Silicate Mineral Differentiation Resulting from In Situ Oil Shale Processing and the Relationship 
to Bowen's Reaction Series" 

Rue, D.M., et al., "Characterization of Asphalt Additive Produced from Hydroretorted Alabama Shale" 

Conkin, i.E., et al., "Agglutinate Foraminifera from Late Devonian Black Shales of Eastern United States" 

Taulbee, D.N., et at, "Application of Hot-Stage FTIR to the Study of Kerogen Functional Group Changes During Pyrolysis" 

Vego, A., "An Illustrated Description of the 50-lb/hr Kenton II Oil Shale Retort" 

Shirav, M., "Waste Materials of Israeli Combusted Oil Shale—Are They Really Hazardous?" 

The following articles appeared in Energy fy, Volume 6, Number 6: 

Batts, B.D., et al., "A Literature Review of Fuel Stability Studies with a Paiticular Emphasis on Shale Oil" 

Sundararaman, P., et at, "Determination of Kerogen Activation Energy Distribution" 

Haynes, B.S., et al., "Transport Mechanisms in OR Shale Drying and Pyrolysis"
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since September 1992) 

ACORN PROJECT - (Sec Stuart Oil Shale Project) 

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) (S-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 would allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

Chevron and Conoco have joined with Lawrence Livermore National Laboratory (LLNL), DOE and other industrial parties to par-
ticipate in a 3 year R&D project involving LLNL's Hot Recycled Solids oil shale process. Information obtained from this project 
may result in refinements to the STB process. 

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

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

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

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

A draft EIS covering the plant and a 196-mile pipeline to Lisbon, Utah, was released in December 1975 and the final EIS was later 
issued. EPA issued a conditional prevention of significant deterioration permit in November 1979. Land exchange was consum-
mated on February 1, 1988. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in the project for approximately $480 
million. The preferred pipeline destination was changed to Casper, Wyoming, and the final ES supplement was completed. Work 
on Battlement Mesa community commenced summer 1988. The Colorado Mined Land Reclamation permit was approved in Oc-
tober 1980. 

CF. Braun was awarded contract for final design and engineering of Tosco II retorts. Brown & Root was to construct the retorts. 
Stearns-Roger was awarded a contract for design and construction liaison on materials handling and mine support facilities. DOE 
granted Tosco a $1.1 billion loan guarantee in 1981. 

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

Project Cost: Estimated in excess of $546 billion
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COMMERCIAL PROJECTS (Continued) 

CONDOR PROJECT - Central Pacific Minerals -50 percent; Southern Pacific Petroleum - SO percent (5-60) 

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

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

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicated that such a plant would have involved a capital cost of US$2,300 million and an an-
nual average 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 
progressive build-up to full production in three further stages at two-year intervals. 

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

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the 0 lrnes' process owned by Lurgi GmbLI of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 5OtOOO tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

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

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

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

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons of oil shale from the Condor deposit, 
crushed it to produce 20,00) 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) 

ESPERANCE OIL SHALE PROJECT - Esperance Minerals NL and Greenvale Mining NL (5-70) 

In 1991 Esperance Minerals and Greenvale Mining announced they are planning to produce 200,000 tons per year of "asphaltine 
for bitumen from the Alpha tor'banite deposit in Queensland, Australia. The two companies believe they can produce bitumen that 
will sell for more than US$80 per barrel. 

The Alpha field contains about 90 million barrels of reserves, but the shale in this deposit has a high yield of 88 to 132 gallons of oil 
per ton of shale.
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COMMERCIAL PROJECTS (Continued) 

Recent studies have concluded that using new technologies to produce a bitumen-based product mix would be the most economi-
cally beneficial. Byproducts could include diesel fuel and aromatics. 

ESTONIA POWERPLANTS - Estonian Republic (S-SO) 

Two oil shale-fueled powerplants, the Baltic with a capacity of 1,435 megawatts and the Estonian with a capacity of 
1,600 megawatts, are in operation in the Estonia. These were the first of their kind to be put into operation. 

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

Exploitation of kukersite (Baltic oil shale) resources was begun by the Estonian government in 1918. In 1980, annual production of 
oil shale in the USSR reached 37 million tons of which 36 million tons come from the Baltic region. Recovered energy from oil 
shale was equivalent to the energy in 49 million barrels of oil. Most extracted oil shale is used for power production rather than oil 
recovery. In 1989, annual production of oil shale in the Baltic region was as low as 28 million tons. In 1991, annual production of 
oil shale in Estonia was 19 million tons. About 10 million tons were extracted from six underground mines and about 9 million tons 
from three open pit mines. The annual output from the underground mines ranged from 600,000 to 4.3 million tons, while the out-
put from the surface mines ranged from 2.0 to 4.3 million tons. The recovered energy from this oil shale was the energy equivalent 
of 25 million barrels of oil. 

Most extracted oil shale (85 percent) 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 production was terminated in 1987. 

Pulverized oil shale ash is being used in the cement industry and for acid soil melioration 

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

The oil shale retorting industry in Fushun, China began in 1928 and has been operating for 60 years. Annual production of shale 
oil topped 780,000 tons in 1959. In that period, shale oil accounted for 30-50 percent of total oil production in China. 

At Fushun, oil shale overlies a coal bed which is being mined. Because the oil shale most 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 percent oil, on average. 

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

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

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

ISRAELI RETORTING DEVELOPMENT - (Sec PAMA Oil Shale-Fired Powerplant Project) 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (8-110) 

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. 

In 1986, a cooperative project with Romania was initiated to investigate the development of a direct-combustion oil-shale-fired 
powerplant. Jordan has also investigated jointly with China the applicability of a Fushun-type plant to process 200 tons per day of 
oil shale. A test shipment of 1,200 tons of Jordanian shale was sent to China for retort testing. Large-scale combustion tests have 
been carried out at Kloeckner 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. 
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COMMERCIAL PROJECTS (Continued) 

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

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

KIVITER PROCESS - Estonian Republic (S-120) 

The majority of oil shale (kukcrsite) found in Estonia is used for power generation. However, 2.0 to 2.2 million tons are retorted to 
produce shale oil and gas. The Kiviter process, continuous operating vertical retorts with crosscurrent flow of heat carrier gas and 
traditionally referred to as generators, is predominantly used in commercial operation. The retorts have been automated, and have 
throughput rates of 200 to 220 tons of shale per day. Retorting is performed in a single retorting (semi-coking) chamber. In the 
generators, low temperature carbonization of kukersite yields 75 to 80 percent of Fischer assay oil. The yield of low calorific gas 
(3,350 to 4,200 KJ/cubic meters) is 450 to 500 cubic meters per ton of shale. 

To meet the needs of re-equipping of the oil shale processing industry, a new generator was developed. The first 1,0 ton-per-day 
(MD) generator of this type was constructed at Kohtla-Jarve, Estonia 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 in-
creasing the thickness of the bed. Additional heating or gasif

i
cation 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 9.6 meters, and its height is 21 meters. The operation of the 1,000 ton per day generator revealed 
a problem of carry-over of finely divided solid particles with oil vapors (about 8 to 10 kilograms per ton of shale). 

The experience of the 1,000 TPD unit was taken into consideration to design two new units. In January, 1987, two new 1,000 TPD 
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 under construction. Oil yield of 85 percent of Fischer Assay is expected. The construction of an installa-
tion comprising four 1,500 ton per day prototype generators with a circular semicoking chamber started at Kohtla-Jarve in 1988. At 
present, however, the construction has been suspended due to investment problems. 

Oil from kukersite has a high content of oxygen compounds, mostly resorcinol series 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 byproduct in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meter. 
After desulfurization, it is utilized as a local fuel for the production of thermal and electric power. 

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

Project Cost: Not disclosed 

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

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

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

Production at Maoming has been approximately 100,000 tons of shale oil per year. Although the crude shale oil was formerly 
refined, it is now sold directly as fuel oil. The shale ash is also used in making cement and building blocks. 

A 50 megawatt powerplant burning oil shale fines in three fluidized bed boilers has been planned and detailed compositional 
studies of the Maoming shale oil have been completed. These studies can be used to improve the utilization of shale oil in the 
chemical industry. 

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

Mobil has indefinitely deferred development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
United States Bureau of Land Management completed the Environmental Impact Statement for the project in 1986. 
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MOROCCO OIL SHALE PROJECT - ONAREP, Royal Dutch/Shell (S-ISO) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco, including three major deposits at Tiniandit, 
Tangier, and Tarfaya from which the name 73 for the Moroccan oil shale retorting process was derived. 

In February 1982, the Moroccan Government concluded a $43 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $40 billion, 70,000 barrels per day plant. However, the project faced con- 
straints of low oil prices and the relatively low grade of oil shale. 

Construction of a pilot plant at Timandit was completed with funding from the World Bank in 1984. During the first quarter of 
1985, the plant went through a successful shakedown test, followed by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the 13 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 13 process developed jointly by Science Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres 
(ONAREP) of Morocco. The fl process consists of a semi-continuous dual retorting system in which heat from one vessel that is 
being cooled provides a portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 
100 tons of raw shale per day capacity using 17 gallons per ton shales. The design of a demonstration plant, which will have an ini-
tial output of 280 barrels per day, rising to 7,880 barrels per day when full scale commercial production begins, has been deferred. 
A commercial scale mine development study at Timandit was conducted by Morrison-Knudsen. 

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

The project, inactive for some time, began being reconsidered in 1990 by the equal partners. The viability of a 50,000 barrel per 
day plant that would process 68 million tonnes of shale is under examination. ONAREP expects the cost of development to be 
around $24-25 a barrel. 

Project Cost: $23 billion (estimated) 

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

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by Occidental Oil Shale, Inc. A modified detailed development plan for a 57,000 barrels per day modified in situ plant 
was submitted in March 1977 and subsequently approved in April 1977. The EPA issued a conditional Prevention of Significant 
Deterioration (PSD) 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 II negotiations for financial assistance. On July 28, 1983 the SFC announced it had 
signed a letter of intent to provide up to $2.19 billion in loan and price guarantees to the project. However, Congress abolished the 
SFC on December 19, 1985 before any assistance could be awarded to the project. 

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

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

On April 1, 1987, the Bureau of Lend Management, United States Department of the Interior, granted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of five years. Meanwhile, pumping of the mine inflow water 
continued in order to keep the shaft from being flooded. 

Although Congress appropriated $8 million in fiscal year 1991, Occidental declined to proceed with the $225 million 'proof-of-
concept' modified in situ (MIS) demonstration project to be located on the C-b tract. In January1991 Occidental announced its in-
tention to shelve the demonstration project in an effort to reduce company debt. The announcement came only a month after the 
death of Oxy chairman, Armand Hammerer, a long-time supporter of oil shale. 

The project was to be a 1,200 barrel per day demonstration of the modified in situ (MIS) retorting process. Estimates indicate that 
there are more than 43 billion barrels of recoverable oil at the site. Also included in the project were plans for a 33 megawatt oil 
shale fired 

powerplant to be built at the C-b tract. Such a powerplant would be the largest of its kind in the world. 
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At the end of the demonstration period, Occidental had hoped to bring the plant up to Cult scale commercial production of 2,500 
barrels of oil per day. 

Project Cost: $225 million for demonstration 

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

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

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

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

The unit is viewed as a demonstration project where tests will be performed over a three year period. During this time, the op-
timum operating parameters will be determined for scale-up to larger units. 

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

Project Cost: $30 million for combustion demonstration plant 

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

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

Unocal began the permitting process for its Phase 110,000 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-
tions and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 

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

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

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

At year-end 1990, Unocal had shipped over 4.5 million barrels of syncrude from its Parachute Creek Project. Unocal announced 
the shale project booked its first profitable quarter for the first calendar quarter of 1990. Positive cash flow had been achieved 
previously for select monthly periods; however, this quarter's profit was the first sustained period of profitability. Cost cutting ef-
forts further lowered the breakeven point on operating costs approximately 20 percent. 
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In 1990, the United States Department of Treasury found no significant environmental, health or safety impacts related to the 
operations of Parachute Creek. Monitoring will continue through 1992. 

On March 26, 1991, Unocal announced that production operations at the facility would be suspended because of failure to consis-
tently reach the financial break-even point. Production ended June 1, 1991 and the project was laid up for an indefinite period. 

Unocal has offered to sell the Parachute facility to the U.S. Department of Energy (DOE) as a research test facility but has 
received no commitment from DOE to date. 

Colorado Clean Fuels Company has obtained approval from Garfield County Commissioners to refit Unocal's shale oil uvzradinz 
plant for fuel processing. The plant will process natural gas into four products: methanol, smokeless diesel, naphtha and wax. The 
county commissioners approved the request after a public hearing on the matter. 

The anticipated project development calls for employing 40 to 110 workers, followed by operation startup employing 24 people. if 
the company obtains state and federal permits as well, the plant will be operational in 1993. 

The company plans to produce 4,200 barrels of methanol per day from natural gas. In addition, 138 barrels per day of diesel fuel, 
51 barrels per day of naphtha, and 1,111 barrels per day of wax will be produced. 

Project Cat: Phase I - Approximately $1.2 billion 

PETROSIX - Petrobras (Petrolco 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 and 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. Studies at the pilot scale have been concluded. 

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. Studies at the pilot scale have been concluded. 

A multistaged fluidized bed pilot plant having an 8x8 inch square section was operated at Center. Studies at this scale have been 
concluded. 

A circulating fluidized bed pilot scale boiler was started up in July, 1988. The combustor will be tested on both spent shale and oil 
shale fines to produce process steam for the Petrosix commercial plants. 

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

As of December 31,1991, the plant records were as follows: 

Operations time, hrs	 126,400 
Oil Produced, Bbl	 3,360,000 
Processed Oil Shale, tons 	 7,070, 
Sulfur Produced, tons	 568,130 
High BTU Gas, tons	 121,600 

A 36-foot inside diameter retort, called the industrial module, has been constructed at Sao Mateus do Sul. Startup began in 
January, 1992. Total investment was US$93 million with an annual operating cost estimated to be US$39 million. With the sale of 
gas to lndustria Ceramics do Parana (INCEPA) and anticipated revenue from products, the rate of return 

on the overall project is 
estimated to be about 13 percent. 

In 1992, the Sao Mate" do Sul project was producing at 80 percent of the full .scale capacity. Total daily production is expected to 
reach 4,000 barrels of shale oil (at a cost of $2230 per barrel), 140 metric tons of fuel gas, 50 tons of liquefied petroleum gas and 
100 tons of sulfur.
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With the 36-foot (11-meter) diameter commercial plant, the daily production of the two plants will be: 

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

Some 150 hectares of the mined area has been rehabilitated since 1977. Rehabilitation comprises reforestation, revegetation with 
local plants and reintegration of wild local animals, bringing back the local conditions for farming and recreational purposes. 

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

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

Project Installed Costs: flIQ (US) million 

RAMEX OIL SHALE GASIFICATION PROCESS—Greenway Corporation and Ramer Synfuets International, Inc. (S-ISO) 

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

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

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

Ramex also announced in November 1987 the start of a commercial production program in the devonian shale in the eastern states 
of Kentucky and Tennessee. In April 1988, however, Ramex moved the project to Indiana. A total of 7 wells weit 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 Tri-Gas Technology, Inc., the licensee of the Rarnex 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 Ram" 
oil shale gasification process, on the leases near Heriryville, Indiana. Arrangements were made with Midwest Natural Gas to hook 
up the R.amex gas production to the Midwest Pipeline near Henryville. 

As of May, 1989 Ramex had been unsuccessful in sustaining long-term burns. They therefore redesigned the burner and built a 
much larger model (600,000 Bill per hour vs 40,000 ff113 per hour) for installation at the 1-lenryville site. In November, 1989 
Ramex completed its field test of the Devonian Shales in Indiana. The test showed a gas analysis of 47 percent hydrogen, 
30 percent methane and little or no sulfur. Revues contracted with a major research firm to complete the design and material 
selection of its commercial burners which they say are 40 to 50 percent more fuel efficient than most similar industrial units and 
also to develop flow measurement equipment for the project. Ramex received a patent on its process on May 29, 1990. 

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

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

-	 How fast does the heat front move through the shale? 

-

	

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

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

Once these questions are answered, the company will be able to calculate the actual cost per unit of gas production. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

In 1992 Ramex announced a com pany reorganization and said that new laboratory tests were bein g arranged to improve its technol-

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

RIO BIANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (8-190) 

The proposed project is on federal Tract C-a in Piceance Creek Basin, Colorado. A bonus bid of $210.3 million was submitted to 
acquire rights to the tract which was leased in March 1974. A four-year modified in situ (MIS) demonstration program was com-
pleted at the end of 1981. The program burned two successful retorts. The first retort was 30 feet by 30 feet by 166 feet high and 
produced 1,907 barrels of shale oil. It burned between October and late December 1980. The second retort was 60 feet by 60 feet 
by 400 feet high and produced 24,790 barrels while burning from June through most of December 1981. Open pit mining-surface 
retorting development is still preferred, however, because of much greater resource recovery of 5 versus 2 billion barrels over the 
life of the project. Rio Blanco, however, could not develop the tract efficiently in this manner without additional federal land for 
disposal purposes and siting of processing facilities, so in August 1982, the company temporarily suspended operations on its 
federal tract after receiving a 5 year lease suspension from the United Slates Department of Interior. In August 1987, the suspen-
sion was renewed. 

Federal legislation was enacted to allow procurement of off-tract land that is necessary if the lease is to be developed by surface 
mining. An application for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of 
the Colorado Bureau of Land Management, an environmental impact statement for the proposed lease for 84 Mesa has been 
prepared by the Bureau of Land Management. However, a Record of Decision was never issued due to a suit filed by the National 
Wildlife Federation. 

Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. Partial approval for the aban-
donment plan was received in Spring 1984. The mine and retort were flooded but were pumped out in May 1985 and June 1986 in 
accordance with plans approved by the Department of the Interior. 

Rio Blanco operated a $29 million, 1 to 5 'lTD Lurgi pilot plant at Gulf's Research Center in Harmarville, Pennsylvania until late 
1984 when it was shut down. This $29 million represents the capital and estimated operating cost for up to 5 years of operation. 
On January 31, 1986 Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 
100 percent interest in the project. 

In 1992, Rio Blanco closed its Denver office and moved all activities to the site. 

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) (8-200) 

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 economicsof develop- 
ment. During the work program the Draw, Lurgi, Tosco, and Enon retorting processes were studied and tested. Geological and 
environmental baseline studies were carried out to characterize resource and environmental parameters. Mine planning and 
materials handling methods were studied for selected plant capacities. Results of the study were announced in September 1984. 
The first stage of the project which would produce 5.2 million barrels per year from 25,ODO 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/CFM and Baa announced discussions about amendments to the Rundle Joint Venture Agreement signed in 
1982. Those discussions were completed by March 1985. Revisions to the Joint Venture Agreement provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$12.5 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.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

The project is continuing at a low level with work in 1992 focusing on environmental land and resource management and further 
shale upgrading and processing studies. 

Project Cost: US$2.65 billion total estimated 

SI-IC - 3000 RETORTING PROCESS - Estonian Republic (5-230) 

The SHC-3000 process, otherwise known as the Galoter retort, is a rotary kiln type retort which can accept oil shale fines. 

Processing of the kukeisite shale in SHC-3000 retorts makes it possible to build units of large scale, to process shale particle sizes 
of 25 millimeters and less including shale dust, to produce liquid fuels for large thermal electric power stations, to improve operat-
ing 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 SHC-3000 units built in 1980 at the Estonian Powerplant, Nam, Estonia, with a capacity of 3,() tons of shale per day art 
among the largest in the world and unique in their technological principles. However, these units have been slow in reaching full 
design productivity. 

A redesign and reconstruction of particular parts 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 SI-lC-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. 
79,100 tons versus 80,100 in 1984. The total shale oil production for the period 1980-1983 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 part of the shale oil in the 
boilers of Estonia ORES. 

By the end of 1984, 159,200 tons of shale was processed and 20,000 tons of shale oil was produced at SHC-3. 

In 1985, the third test of the reconstructed boiler 17-101 was carried out by using the shale oil produced at the Sl-IC-30X). The im-
provement of the working characteristics of SHC-3000 has continued. 

LO VON1PLI (the name of the Research Institute) has designed for Estonia an electric power station that would use shale oil and 
produce 2,600 megawatts. A comparison of its technical-economical characteristics with the corresponding ones of the 2,500 
megawatts power station with direct burning of raw shales was made. It was found that the station on shale oil would be more 
economical than the station with direct burning of shale. 

In 1990, 374,000 tons of shale was used for processing and 43,600 tons of shale oil was produced. In 1991, 205,500 tons of shale 
were used to produce 24,000 tons of oil. At present, shale with an organic content of 28 percent is used for processing, the oil yield 
being about 12 percent per shale. The oil obtained contains 14 to 15 percent of gasoline fraction. Export of the oil produced is 
growing steadily—from 8,900 tons in 1990 to 24,300 tons in 1991. 

By the end of 1991, 1,833,700 tons of shale was processed at SHC-3000 and 220,000 tons of oil had been produced 

STUART OIL SHALE PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals NL (5-210) 

In 1985 Southern Pacific Petroleum NL and Central Pacific Minerals NI. (SPP/CFM) 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 economies continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,000 tonnes of dried Stuart oil shale was prepared in late 1986 and early 1987. The 
pilot plant program was carried out between June and October 1987.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes slate September 1992) 

COMMERCIAL PROJECTS (Continued) 

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

SPP/CPM engaged two engineering firms to make independent, detailed studies of the shale oil project. The purpose of the 
studies is to provide potential financial backers with verifiable information on which to base technical judgment of the project. 
These studies were completed in early 1991. Both groups confirmed SPP/CPM's own numbers and endorsed the AOSTRA Taciuk 
Processor as the most effective retort for Queensland oil shale. 

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. SPP/CPM have received proposals from two engineering 
firms for the construction of the 6,00) tonne per day plant. Once the retorting technology is proven the second stage plant at 
25,000 tons per day of shale producing 14,000 barrels per day of syncnzde from an intermediate grade will be constructed. Stage 
three is a replication step with five 25,000 ton per day units producing 60,0(00 barrels per day of syncrude from avenge grade shale, 
or approximately 15 percent of the projected Australian oil import requirement in the year 2000. 

According to SPP, the estimated cost is US$110 million for the first stage demonstration plant to be located near Gladstone, includ-
ing services connection and product storage. At 1990 prices for low sulfur fuel oil in Australia, it is said that operation of the 
demonstration plant will at least break even and possibly earn as much as 15 percent DCFROI. Stage 1 of the project will benefit 
from a recently announced tax exemption which will apply to about 40 percent of the plant's output. Refined products will be ex-
empt from excise taxes amounting to US$0.2075 per liter for a total savings to the project of US$190 million over a 10-year period. 
The exemption was guaranteed until the year 2005. 

However, the federal opposition party in Australia has announced that it will eliminate all excise on gasoline if elected to govern. 
SPP/CPM have held discussions with the opposition party to ensure preservation of the promised arrangements, but have not 
received any such assurance. Therefore, the companies are now assessing appropriate adjustments to the Stage 1 financing plans in 
case the opposition party does come to power. 

A maior submission with the aim of q ualifying Stuart State I for these incentives was lod ged with the Industry Research and 
Development Board on October. 27 1992. 

In parallel with these matters, the formal draft of the environmental stud y for Stuart State I was completed and then to the 
Queensland Government on October 21. 1992. 

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

Project Cat: For commercial demonstration module A$110 million 

YAAMBA PROJECT - Yaamba Joint Venture jBeloba Pty. Ltd. (10 percent), Central Pacific Minerals N.L. (3.3 percent), Southern 
Pacific Petroleum N.L. (3.3 percent), Shell Company of Australia Limited (41.66 percent), and Peabody Australia Pty. Ltd. 
(41.66 percent)] (S-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 800 meters thick toward the center of the basin. The oil shales subcrop along 
the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

During 1988, activities in the field included the extraction of samples for small scale testing and the drilling of four holes for further 
resource delineation.
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STATUS OF OIL SHALE PROJECTS (Underline denotes ehangesslnce September 1992) 

COMMERCIAL PROJECTS (Continued) 

In December, 1988 Shell Australia purchased a part interest in the project. 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. 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 Her-
bert Creek Basin is in the exploratory stage. 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, and preliminary 
ore characterization of the Yaamba oil shale resource, has been completed. Environmental baseline investigations were carried out 
concurrently with this study. Further investigations aimed at determining methods for maximum utilization of the total energy 
resource of the Yaamba Basin and optimization of all other aspects of the mining operation, and collection of additional data on 
the existing environment were undertaken. 

During 1990, exploration and development studies at the Yaamba and Herbert Creek deposits continued. A program of three 
holes (644 meters) was undertaken in the Block Creek area at the southeast of the Herbert Creek deposit. 

Project Cost: Not disclosed

R&D PROJECTS 

LLNL HOT RECYCLED-SOLIDS (HItS) RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (S.300) 

Lawrence Livermore National Laboratory (LLNL) has, for over the last S years, been studying hot-solid recycle retorting in the 
laboratory and in a 1 tonne per day pilot facility and have developed the LLNL Hot Recycled-Solids Retort (HRS) process as a 
generic second generation oil shale retorting system. Much progress has been made in understanding the basic chemistry and 
physics of retorting processes and LLNL believes they are ready to proceed to answer important questions to scale the process to 
commercial sizes. LLNL hopes to conduct field pilot plant tests at 100 and 1,00) tonnes per day at a mine site in western Colorado. 

In this process, raw shale is rapidly heated in a gravity bed pyrolyzer to produce oil vapor and gas. Residual carbon (char), which 
remains on the spent shale after oil extraction, is burned in a fluid bed combustor, providing heat for the entire process. The heat 
is transferred from the combustion process to the retorting process by recycling the hot solid, which is mixed with the raw shale in a 

- fluid bed prior to entering the pyrolyzer. The combined raw and burned shale (at a temperature near 500 degrees C) pass through 
a moving, packed-bed retort containing vents for quick removal and condensation of product vapors, minimizing losses caused by 
cracking (chemical breakdown to less valuable species). Leaving the retort, the solid is pneumatically lifted to the top of a 
cascading-bed burner, where the char is burned during impeded-gravity fall, which raises the temperature to nearly 650 degrees C. 
Below the cascading-bed burner is a final fluid bed burner, where a portion of the solid is discharged to a shale cooler for final dis-
posal. 

In 1990, LLNL upgraded the facility to process 4 tonnes per day of raw shale, working with the full particle size (0.25 inch). Key 
components of the process are being studied at this scale in an integrated facility with no moving parts using air actuated valves and 
a pneumatic transport, suitable for scaleup. In April 1991, the first full system run on the 4 tonne per day pilot plant was com-
pleted. Since that time, the retort has successfully operated on both lean and rich shale (22-38 gallons per ton) from western 
Colorado. LLNL plans to continue to operate the facility and continue conceptual design of the 100 tonne per day pilot-scale test 
facility. LLNL has joined with a consortium of industrial sponsors for its current operations in a 3 year contract to develop the 
HRS process. 

The ultimate goal is a 1,000,-tonne-per-day field pilot plant, followed by  commercially-sized demonstration module (12,000 tonnes 
per day) which could be constructed by private industry within a 10 year time frame. Each scale represents a factor of three in-
crease in vessel diameter over the previous scale, which is not unreasonable for solid-handling equipment, according to LLNL 

Each company in the consortium will contribute $100,000 per year over the next 3 years. LLNL has negotiated successfully with 
Chevron, Conoco and Amoco, and hopes to interest other industrial partners which will form a Project Guidance Committee. 

Project Cost:	 Phase I - $15 million 
Phase II - $35 million 

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's.
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R & D PROJECTS (Continued) 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result in 
(1) proven market perfonnance of shalt oil modified asphalt under actual climatic and road use conditions and (2) completion of a 
comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-based 
commercial production facility. 

The cost of carrying out the initial market development phase of the commercial development plan was approximately $23 million, 
all of which was funded by Paraho. The major portion of the work conducted during this initial phase consisted of producing suffi-
cient quantities of shale oil to accommodate the construction and evaluation of several test strips of shalt oil-modified asphalt 
pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in Paraho's pilot 
plant facilities, located near Rifle, Colorado in August, 1988. The retort was operated at mass velocities of 418 to 538 pounds per 
hour per square foot on 23 'to 35 gallon per ton shale and achieved an 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. 

Eight test strips were constructed in Colorado, Utah and Wyoming The test strips are bein g evaluated over a period of several 
years, during which time Paraho will complete site selection, engineering and cost estimates, and financing plans for a commercial 
production facility. Test stri ps were also completed on 1-20 east of Pecos, Texas, in Michigan for a test section of 1-75 near flint, 
on 1-70 east of Denver, Colorado and on US-59, northeast of Houston, Texas. 

Paraho has proposed a $180 million commercial scale plant capable of producing 3,380 barrels of crude oil per day, of which 
2,700 barrels would be shale oil modifier (SOM) and 680 barrels would be light oil to be marketed to refineries. 

An economic analysis has determined that SOM could be marketed at a price of $100 per barrel if tests show that SOMAT can af-
fect at least a 10 percent improvement in pavement life. A feasibility study suggests that Paraho can expect a 30 percent rate of 
return on SOMAT production. 

Paraho states that it has access to two different resource sites upon which the commercial production facility could be located: a 
site on the Mahogany Block in northwest Colorado; and the Paraho-Ute properties, located near Vernal, Utah. Of these options, 
the Mahogany site represents the most economically viable alternative and, accordingly, is the preliminary location of choice. 

Approximately 1,500 acres of the Mahogany Block are still controlled by the Tell Ertl Family Trust and are available to New 
Paraho although the largest part of the original block was sold to Shell Oil Company. New Paraho also maintains control of ap-
proximately 3,400 acres of oil shale leases on state lands in Utah. 

In December 1992 New Paraho announced that its pilot plant in Rifle, Colorado was currently producing 15 barrels of shale oil 
daily as part of a new SOMAT test marketin g program started in September. 

The first phase of the new test market program for SOMAT is expected to cost $1.2 million throu gh 1993, produce enough 
SOMAT for SO to 60 miles of asphalt roads and em ploy 15 people. 

The test strip results have been encoura gin g and SOMAT is proving to be a superior road paving material, with distinct life-cycle 
cost advantages. 

The oil shale asphalt, as a 10 percent additive to conventional asphalt, is far more resistant to water dama ge and aging than conven-
tional asphalt. It adds about 10 to 15 nercent to the cost of as phalt, but is a bargain compared to other asphalt modifiers that ac-
complish the same tasks and increase costs b y 30 to 35 percent. 

New Paraho has proposed a 7-month, $500,000 commercial evaluation program to assess the economic benefits of coprocessing 
used tires with oil shale. Initial experiments have demonstrated that retort operations can be sustained with used tires as 5 percent 
of the feedstock. 

Project Cost: $3,700,000 

NORTHLAKE SHALE OIL PROCESSING PILOT—Northlake Industries, Inc. and Uintah Basin Minerals, Inc. (S-315) 

Northlake Industries, Inc. of Naples, Utah and Unitah Basin Minerals, Inc. have signed contracts pledging over $100 million to 
Process Uintah Basin, Utah oil shale deposits with their OVR process. 

The Vernal District of the Bureau of Land Management (BLM) issued a land use permit to Northlake allowing access to the mine 
service building and surface oil shale stockpiles at the White River Oil Shale Project until June 1992. The surface stockpiles will be 
used in a pilot plant located off the White River site in Naples. The BLM permit is short-term only and does not allow further sur-
face mining.
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K & 1) PROJECTS (Continued) 

QYR is an acronym for 'quality enhancement and viscosity reduction.' A modular upgrading unit for this process incorporates 
added temperature and fluid controls into the pilot plant allowing IS scaleup to production models. Northlake's QVR unit has 
performed over 1,000 hours of upgrading service on 8 to 14 -API gravity heavy crude oil and refinery bottoms. The unit will be 
modified to study oil shale kerogen. 

The QVR process was developed by Northiake over the last 10 years and provides a profitable method of recovering light, sweet 
crude from shale oil, tar sands and coal. The proprietary technique turns heavy oil at 10 to 13°API into oil with a 25 to 40 API. 

If the development phase is successful, the company hopes to begin work on a 100,000 ton per day commercial production facility in 
1994. 

YUGOSLAVIA COMBINED UNDERGROUND COAL GASIFICATION AND MODIFIED IN srru OIL SHALE RETORT - 
United Nations (S-335) 

Exceptional geological occurrence of oil shale and brown coal in the Aleksinac basin has allowed an underground coal gasification 
(UCO) combined with in situ oil shale retorting. Previous mining activities of Aleksinac brown coal and development of oil shale 
utilization (see Yugoslavia Modified In Situ Retort—S-330, Synthetic Fuels Report, December 1990) served as principal support in 
establishing a development project aimed towards application of a new process, i.e. combination of UCO and in situ oil shale 
retorting to be tested for feasibility in a pilot UCO modulus. The project is a joint scientific and technological undertaking per-
Conned by Yugoslavian and American staff. 

The objective of the approach is to develop a program to exploit the total Aleksinac energy resources to provide regional power 
and heating for Aleksinac and surrounding area using UCG technology and combining it with modified in situ retorting of oil shale 
as the immediate roof of the brown coal seam. 

The development objectives are also to recover energy from residual coal left after conventional coal mining and to develop UCU 
technology and modified in situ oil shale retorting for Yugoslavian resources in general. 

Project Cost	 US$725,000

p
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SPIt 

American Syncnzde Indiana Project American Syncrude Corp. September 1987; page 2-53 
Stone & Webster 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 

Fnjita Refinery Landmark Petroleum Inc. March 1991; page 2-23 

Gelsenkirchen-Scholven Veba Oel June 1987; page 2-52 
Cyclone Retort 

Japanese Retorting Processes Japan Oil Shale Engineering Company September 1989; page 2-56 

Julia Creek Project Placer Exploration Limited March 1991; page 2-32 

Laramie Energy Laramie and Rocky Mountain June 1980; page 2-34 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. September 1984; page S-3 

Means Oil Shale Project Central Pacific Minerals June 1987; page 247 
Dravo Corporation 
Southern Pacific Petroleum 

Nahcolite Mine #1 Multi-Mineral Corporation September 1982; page 2-40 

Naval Oil Shale Reserve United States Department June 1987; page 2-53 
of Energy 

Oil Shale Gasification Institute of Gas Technology; December 1978; page B-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 

RAPAD Shale Oil Upgrading Project Japanese Ministry of International Trade March 1990; page 2-52 
and Industry
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STATUS OF OIL SHALE PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Seep Ridge Geokinetics Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

Silmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Energy Corporation of America 

Tosco Sand Wash Project Tosco Corporation March 1990; page 2-48 

Trans Natal T-Project Trans Natal, Gencor, Republic of 
South Africa March 1991; page 2-30 

Triad Donor Solvent Project Triad Research Inc. December 1988; page 2-48 

United States Bureau of Mines Shalt 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 B-3 
Unnamed Fracture Test Talley Energy Systems September 1978; page 134 

White River Shale Project Phillips Petroleum Company March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company 

Yugoslavia Inclined Modified In Situ Retort United Nations December 1990; page 243
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INDEX OF COMPANY INTERESTS 

Company or Orranization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-35 

Beloba Pty. Ltd. Yaamba Project 2-37 

Central Pacific Minerals Stuart Oil Shalt Project 2-36 
Condor Project 2-28 
Rundle Project 2-35 
Yaamba Project 2-37 

Chevron Shale Oil Company Clear Creek Project 2-27 

Conoco Inc. Clear Creek Project 2-27 

Esperance Minerals NL Esperance Oil Shale Project 2-28 

Esso Exploration and Production Australia Ltd. Rundle Project 2-35 

Estonian Republic Estonia Power Plants 2-29 
Kiviter Process 2-30 
SHC-3000 Retorting Process 2-36 

Exxon Company USA Colony Shale Oil Project 2-27 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-29 

Greenvale Mining NL Esperance Oil Shale Project 2-28 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-34 

Jordan Natural Resources Jordan Oil Shale Project 2-29 

Lawrence Livermore National Laboratory LLNL Hot Recycled-Solids (HRS) Retort 2-38 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-30 

Marathon Oil Company New Parabo Asphalt From Shale Oil 2-38 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-30 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-27 

New Paraho Corporation New Paraho Asphalt From Shale Oil 2-38 

Northlake Industries, Inc. Northlake Shale Oil Processing Pilot 2-39 

Occidental Oil Shale, Inc. Occidental MIS Project 2-31 

Office National de Recherche et Morocco Oil Shale Project 2-31 
d'Exploilation Petrolieres 
(ONAREP) 

PAMA Inc. PAMA Oil Shale-Fired Power Plant Project 2-32 

Peabody Australia Pty. Ltd. Yaamba Project 2-37 

Petrobras Petrosix 2-33 

Ramex Synfuels International Ramex Oil Shale Gasification Process 2-34 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-35 

Royal Dutch/Shell Morocco Oil Shale Project 2-31
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS (Continued) 

Company or Organization	 Project Name 

SINOPEC 

Southern Pacific Petroleum 

Uintah Basin Minerals, Inc. 

Unocal Corporation

Fushun Commercial Shale Oil Plant	 2-29 
Manning Commercial Shale Oil Plant 	 2-30 

Stuart Oil Shale Project	 2-36 
Condor Project	 2-22 
Rundle Project	 2-35 
Yaamba Project	 2-37 

Northlake Shale Oil Processing Pilot 	 -	 2-39 

Parachute Creek Shale Oil Program	 2-32 

United Nations
	

Yugoslavia Combined Underground Coal Gasification and 
In Situ Oil Shale Retort 	 2-40 

Yaamba Joint Venture
	

Yaamba Projcct	 2-37 
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PROJECT ACTIVITIES 

SUNCOR ANNOUNCES RESTRUCTURING AND 
OPERATING CHANGES 

Suncor Inc. has announced restructuring and operating 
changes aimed at reducing the cost of producing synthetic 
crude oil by $5 to $7 per barrel by 1996. Lowering produc-
tion costs by that amount would increase the company's cash 
flow by $125 to $175 million per year and make synthetic 
crude oil competitive with Canadian conventional crude oil. 

Suncor's restructuring plans come as a result of a strategic 
review of the company's oil sands business at Fort McMurray 
in Alberta, Canada. Of prime concern was the fact that 
Suncor's existing oil sands reserves would be depleted by the 
year 2003. 

Suncor now has written agreements to acquire new mining 
leases in proximity to its plant that will allow the company to 
produce an additional 1 billion barrels of light synthetic 
crude oil. At the plant's current production rates, Suncor 
now has sufficient bitumen to supply the upgrader for at 
least 50 years. 

To reduce mine operating costs, Suncor will introduce a 
more flexible and efficient mining method by mid-1994. The 
25-year-old bucketwheel excavator systems will be replaced 
with a more modem system of large-scale trucks, power 
shovels and ore feed crushers at a cost of approximately 
$100 million. 

Truck and shovel mining equipment, which has reached un-
precedented dimensions of size and scale in recent years, will 
enhance reliability and productivity and should result in sig-
nificant gains in both production and cost savings. By mid. 
1994, Suncor believes these initiatives alone will reduce cash 
costs by approximately $3 per barrel of synthetic crude oil. 

As part of the strategic review, Suncor conducted a commer-
cial feasibility study of new technology which would reduce 
sulfur dioxide emissions from the utilities plant that supplies 
electricity and steam to the oil sands operation. 

The company estimates this will contribute to a further 
$1.50 per barrel reduction in cash costs. Suncor will invest 
$5 million to confirm engineering results and a preliminary 
cost estimate of $270 million. 

The company expects to make the final decision to proceed 
by the second half of 1993. 

Suncor will also be implementing other operating efficiencies 
and production improvements that are expected to result in 
a cash cost reduction of up to $2.50 per barrel. As an ex-
ample, modifications will be made to the upgrader during a

maintenance turnaround next year that will boost production 
capacity to 68,000 barrels per day by 1994. 

In total, Suncor expects to achieve a combined reduction in 
cash costs of $5 to $7 per barrel by 1996, making its costs to 
produce light synthetic crude oil competitive with some of 
the lowest exploration and development costs for Canadian 
conventional crude oil. 

Implementation of the plan means that employment levels 
will be gradually reduced. About 350 to 400 people from the 
current 2,400 will be affected as the new mining method is 
introduced. 

These actions affecting the oil sands business have led to the 
writedown of certain mining and utilities assets, and the 
provision for additional costs, in the amount of $85 million. 

The writedowns are attributable partially to the decision to 
move from the bucketwheel method of mining to a more effi-
cient truck-and-shovel operation. The provision also in-
cludes the writedown of certain oil and gas properties, includ-
ing the Burnt Lake heavy oil property in Northeastern Al-
berta, to their net recoverable value. A writedown of a tech-
nologically obsolete utilities plant is also included. 

The strategic study also concluded that heavy oil prices 
would remain under pressure for the foreseeable future. 
Nevertheless, Suncor will continue to pilot new technology to 
determine the best method for future development of its 
heavy oil property at Burnt Lake. A 2-year test of "cold" 
production technology has produced mixed results, indicat-
ing that more elaborate methods will be required. Past in-
vestments have been primarily directed at steam stimulation 
recovery and were dependent on higher prices. Recognizing 
that these investments will not be recoverable in the foresee-
able future, Suncor has written off the carrying value of 
Burnt Lake in the amount of $95 million. 

Suncor Financial Results 

For the first 9 months of 1992, Suncor recorded a loss of 
$237 million. The loss includes a third-quarter restructuring 
charge of $238 million. In the same period of 1991, Suncor's 
earnings were $72 million. 

The decline at Suncor was due largely to lower earnings in 
the refining and marketing segment. Despite 4 percent 
higher refined product sales volumes, refining and marketing 
income declined by $11 million due to weaker gasoline mar-
gins and the absence of a $6 million after-tax gain on the sale 
of an ocean-going vessel recorded in the third quarter of 
1991. Income from the Oil Sands Group was relatively un-
changed as higher Crown royalty expenses offset a 6 percent 
increase in production of synthetic crude. 
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Oil Sands Group 

The following group performance review compares the third 
quarter of 1992 with the same period in 1991 and excludes 
the restructuring provisions. 

The Oil Sands Group recorded earnings of $12 million com-
pared to earnings of $10 million last year. 

Earnings were favorably impacted by both higher volumes 
and higher synthetic crude oil prices. These factors were 
nearly offset by an increase of $4 million in the Crown 
royalty expense, however. 

Production in the third quarter averaged 63,300 barrels per 
day, a 6 percent increase over last year. In the month of 
August, the group produced an average 69,000 barrels of syn-
thetic crude per thy, the second-highest monthly production 
in the plant's 25-year history. Sales volumes in the quarter 
were the highest on record. The Oil Sands Group expects to 
be close to meeting its annual production target of 
60,000 barrels per thy. 

Sun Company, Inc., Suncor's parent company, has an-
nounced new strategies that it projects will increase operat-
ing income by approximately $150 million a year, beginning 
in 1993. The strategy includes reducing Sun's ownership in 
Suncor from the current 68 percent to 55 percent, when war-
ranted by market conditions. 

SYNCRUDE PLANS EXPANSION 

Syncnide Canada Ltd. is seeking approval from the Alberta 
Energy Resources Board (ERCB) to increase output from its 
oil sands plant in Northern Alberta by 28 percent. In addi-
tion, Syncrude is planning a C$4 billion, 50 percent expan-
sion of its oil sands operation at Fort McMurray in Alberta, 
Canada. 

Syncrude is requesting 
live 

amendments to its current ERCB 
approval: 

- An annual production increase to 217,000 barrels 
per day of marketable hydrocarbon for the existing 
plant 

- An extension to December 31, 1997 to begin con-
struction of new facilities that would allow produc-
tion to be increased to 258,000 barrels per day 

- An extension of Syncrude's production period to 
December 31, 2025

- The ability to process bitumen from off-lease sites 
and to ship bitumen from Mildred Lake to other 
processing operations 

The ability to use new technology, developed by 
Syncrude, for future mining and reclamation plans 

Syncrude is Canada's single largest source of crude oil and 
currently produces more than 60 million barrels of light, 
sweet synthetic crude oil a year—II percent of Canada's total 
petroleum needs. 

Syncrude president U. Newell said the expansion stems from 
improved technology, which has cut operating costs at the 
facility in half during the past 16 years to C$15 per barrel. 

The company expected production to reach 65 million bar-
rels by the end of the third quarter, up from the 603 million 
barrels produced in 1991. 

Third-quarter production was 15.7 million barrels, down 
from the 16.1 million barrel total for the same period last 
year. The company blamed the decrease on plant main-
tenance shutdowns. 

Production Milestone 

Meanwhile, Syncrude's 600 millionth barrel of synthetic 
crude oil flowed into the pipeline on September 18. The 
milestone came almost exactly 14 years after the official open-
ing of the plant on September 15, 1978. Only three conven-
tional oil fields in Canada have produced more than 
600 million barrels and, in each case, the production time in-
volved was much greater than Syncrude's 14 years of opera-
tion. 

Since startup, Syncrude has returned more than $1 billion in 
royalties to the Alberta Government, which has also received 
about $520 million as its share of Syncrude's profits. 

IMPERIAL TO RE-START COLD LAKE EXPANSION 

After a delay of 4 years, Imperial Oil Ltd. of Toronto, On- 
tario, Canada will re-start its heavy oil plant expansion at 
Cold Lake in Alberta, Canada. The $176 million expansion 
was completed in 1988 but was mothballed due to low prices 
for heavy crude. 

The expansion includes an additional 240 wells, a steam gen- 
erating plant, pipelines and a heavy oil processing plant. 
Steam injection is used to heat the bitumen, decreasing its 
viscosity and allowing it to be extracted and processed. 
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Production at Imperial's Cold Lake plant is expected to in-
crease from 85,000 barrels per day to 91,000 barrels per day 
in 3 months. By the end of 1994, heavy oil production is 
projected to rise to 104,000 barrels per day. 

Canadian heavy oil production amounted to 533,000 barrels 
per day in 1991. However, with the exception of the Lloyd-
minster heavy oil upgrader and Suncor's heavy oil processing 
plant in Northern Alberta, the Canadian oil industry does 
not have sufficient facilities to process and refine heavy oil. 
As a result, in 1991 Canada exported 375,000 barrels per day 
of heavy crude—all to refineries in the United States Midwest 
that have the ability to process heavy crude oil. 

AGREEMENT REACHEDREACHED ON FUNDING UPGRADER 
COST OVERRUN 

Husky Oil Limited says that an agreement has been reached 
on the funding required to complete the Bi-Provincial 
Upgrader. 

The four joint venturers have agreed that up to $190 million 
of the additional funds required for completion, commission-
ing and startup will be provided by Husky Oil, the Canadian 
Government and the Government of Alberta. 

Completed in November, the upgrader has the capacity to 
produce 46,000 barrels per day of synthetic crude. 

Three governments and Husky Oil are joint venture owners 
of the Bi-Provincial Upgrader. Canada 31.67 percent; 
Alberta 24.17 percent; Saskatchewan 17.50 percent; and 
Husky Oil 26.67 percent. Husky Oil is the construction 
manager and operator for the project. 

The Saskatchewan Government refused to pay additional 
costs for the project. 

Funds advanced to cover the overrun will be repaid out of 
initial production revenues. Current and previous overruns 
have increased the project cost to $1.628 billion from an 
original estimate in 1987 of $1267 billion. 

Original production costs were estimated at $30 per barrel 
but they have been reduced to $15 per barrel. Husky is ex-
pecting to reduce that to $7 per barrel over the next several 
years. 

The upgrader actually began operating in late summer, and 
stockpiled 2.5 million barrels of synthetic oil before the offi-
cial opening in November.

Husky president A. Price predicted the availability of upgrad-
ing facilities will boost demand for Western Canadian heavy 
oil and push prices up for producers by as much as $3.12 per 
barrel. 

Price applauded the fact the long-awaited facility—the first 
proposal to build it dates from 1965, and actual construction 
began in 1988—is finally operating and selling its upgraded 
oil. 

The huge project includes a crude oil unit, hydrocracker reac-
tion unit, fractionation unit, delayed coking unit, naphtha-jet 
hydrotreater, gas-oil hydrotreater, hydrogen plant, gas-
recovery unit and sulfur-recovery unit. 

In addition to 46,000 barrels of synthetic crude, the upgrader 
will produce 400 tons of coke and 240 tons of sulfur per day. 

#;Pfl 

SYNCRUDE WILL PROCESS BITUMEN FROM 
UNDERGROUND FACILITY 

Syncrude Canada Ltd. will purchase and upgrade the 
bitumen from the Alberta Government's Underground Test 
Facility (UTF) near Fort McMurray under an agreement 
announced by Canadian Energy Minister R. Orman. 

The agreement between Syncrude Canada and the Alberta 
Oil Sands Technology and Research Authority (AOS'FRA) 
calls for Syncrude to purchase and upgrade all bitumen 
produced at the 15FF until March 31, 1994. The IJTF is ex-
pected to produce 2,000 barrels of oil per day. The agree-
ment enables Syncrude to more fully utilize the existing 
capacity of its upgrading plant at its commercial oil sands sur-
face mining operation located 40 kilometers north of Fort 
McMurray. 

An in situ extraction technology under development at the 
15FF, the steam assisted gravity drainage process, shows par-
ticular promise as an economical method for recovering 
bitumen from Alberta's oil sands. 

AOSTRA operates the UTF in partnership with AMOCO 
Canada, Chevron Canada, CNPC Canada Ltd., Conoco 
Canada, Esso Resources, JAPEX Oil Sands Ltd., Mobil OR 
Canada, Petro-Canada, Shell Canada and the Government 
of Canada. With the agreement announced today, Syncrude 
will join the 15FF partners as an associate member. 

Orman said he welcomed Syncrude's involvement in the 
1.1FF. Approximately 90 percent of the Athabasca oil sands 
are deeply buried and will need to be recovered by in situ 
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recovery methods. Having in situ bitumen upgraded for sale 
through existing facilities in the Fort McMurray area greatly 
increases the potential for commercial in situ recovery 
development. 

OIL SANDS PRODUCTION FIGURES UPDATED 

According to statistics published by the Alberta Energy 
Resources Conservation Board (ERCB), Suncor's synthetic

crude production recovered in May from last April's sharp 
drop, then dipped slightly in June to 187,000 cubic meters 
and then increased in August to 345,000 cubic meters, 
roughly the equivalent of 2 million barrels (Figure I). 

Synthetic crude oil production at the Syncrude plant , con-
tinues to fluctuate, as shown by the data illustrated in 
Figure 2. Synthetic crude production in May was 
689,000 cubic meters, or roughly 43 million barrels. Produc-
tion picked up considerably in June, July and August to over 
900,000 cubic meters per month, equivalent to nearly 
6 million barrels of synthetic crude oil. However, production 
again dropped in September to 685,000 cubic meters. 
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CORPORATIONS 

SHELL BUYS OIL SANDS INTERESTS 

Shell Canada Ltd. has purchased 100 percent of the stock of 
Pecten Canada Ltd. from the United States-based Shell 
Petroleum, Inc. The acquisition gives Shell Canada 
100 percent ownership of the Peace River complex in North-
ern Alberta, Canada. 

Pecten Canada Ltd. owned a 50 percent interest in the Peace 
River complex including 50,000 hectares of oil sands leases, 
and another 80,000 hectares of oil sands leases in the 
Athabasca area. Shell estimates that its Peace River leases 
alone hold 14 billion barrels of bitumen in place. 

According to its most recent quarterly report, Shell Canada 
incurred a $12 million loss for the first 9 months of 1992. 
Shell says these results reflect low commodity prices, the stag-
nant economy and weak market conditions, particularly in 
the retail gasoline market. The loss occurred in spite of a 
cost savings of $165 million realized through the implementa-
tion of restructuring plans. 

The 9-month loss for the oil products segment amounted to 
$17 million, compared to a loss of $74 million in 1991. Ex-
cluding unusual items, the oil products segment earnings 
were $8 million in 1992.

In, 
OCCIDENTAL JOINT VENTURE TO EXPLORE HEAVY 
OIL PRODUCTION IN RUSSIA 

Occidental Petroleum Corporation has begun exporting oil 
from Russia as part of an enhanced oil recovery joint venture 
in Western Siberia. Occidental has a 50 percent interest in 
the joint venture company, Vanyoganneft, and will market 
the oil. 

According to R.R. Irani, chairman of Occidental, the par-
tially developed fields currently produce 40,000 barrels per 
day of 370API-gravity oil from 100 wells. Gross production 
is expected to increase to about 65,000 barrels per day by 
1994, and gross recoverable oil is forecast to be more than 
320 million barrels. This project will increase Occidental's

net international production by more than 50 percent to in 
excess of 200,000 barrels per day over the next 2 years. 

The joint venture has been granted a license by the Russian 
Government to export 1.1 million barrels of crude oil during 
the fourth quarter of 1992. The first exports began in Oc-
tober. 

Occidental of Russia Ltd. and Chernogorneft Enterprise, a 
Russian production association, signed an agreement earlier 
this year to form the equally owned joint venture to com-
plete development of the Vanyogan and Ayogan oil fields 
near the City of Nizhnevartovsk and to sell the oil in foreign 
markets. The joint venture, which has the rights to produce 
and sell oil from the fields, has implemented administration 
and marketing plans and begun work to apply modern oil 
field technology and equipment in development of the fields 
and management of the reservoirs. 

Occidental will contribute technical expertise, provide access 
to Western contractors and staff the joint venture with its 
share of on-site management, engineering and technical per-
sonnel. 

The joint venture program includes modifying and replacing 
existing facilities, reactivating approximately 150 shut-in 
wells, drilling production and water-injection wells and con-
structing facilities to handle increased production and 
provide an efficient water-injection system. Total capital in-
vestment by the joint venture over the 25-year life of the 
fields is expected to exceed $800 million. 

In addition, Vanyoganneft will pursue methods to produce 
undeveloped, shallow, heavy-oil zones containing large poten-
tial reserves. 

Irani reports that this is the second joint venture Occidental 
has formed in Russia this year. In May, Occidental was the 
successful bidder for exploration and exploitation rights to 
the 1.5-million acre Block 15 in the prolific Tinian Pechora 
petroleum basin in the Russian Republic of Komi. 

Chernogorneft Enterprise is a Russian production associa-
tion responsible for the development and production of 
11 West Siberia oil fields in the vicinity of Nizhnevartovsk. 

nil 
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GOVERNMENT 

ALBERTA MAKES CHANGES IN ROYALTY SYSTEM 

Changes to Alberta's oil and gas royalty system announced 
by Canadian Premier D. Getty and Energy Minister 
R. Orman will help stimulate the Alberta energy industry, 
and should result in increased activity, employment and in-
vestment. The changes will help both the drilling sector and 
service rig sector of the industry. 

The measures represent the most significant changes to 
Alberta's oil and gas royalty systems since the 1970s when 
they were put in place in anticipation of high oil and natural 
gas prices. Since 1985, oil and gas prices have declined sig-
nificantly in real terms, which have resulted in reduced ac-
tivity and investment, corporate restructuring, and layoffs 
throughout the industry. 

Highlights of the changes include: 

Reduction of royalties 

Modification of the royalty formula structure to 
provide more price sensitivity and adjustments for 
general inflation 

Introduction of a lower third-tier oil royalty for-
mula for new oil discoveries 

- A permanent 12-month royalty holiday for crude 
oil exploration wells 

- Introduction of separate par prices for 
light/medium and heavy oil 

Provisions to encourage investment in aging pools 
and the use of new technology to recover some of 
the estimated 40 billion remaining barrels of oil in 
place 

- Reduction of the experimental oil sands royalties 

Simplification of the natural gas royalty administra-
tion

The cost to the province in terms of reduced gross royalties 
this fiscal year is $43 million, which will be more than offset 
by higher oil and natural gas prices and higher revenues 
from a more favorable exchange rate on the Canadian dollar. 
The cost of the royalty reductions in fiscal year 1993-1994 is 
estimated to be $195 million, rising to $247 million the follow-
ing year. These costs will be partially offset by higher 
revenues to government generated by increased activity in 
the industry, which the royalty reductions will stimulate. 

The changes should have an immediate impact on this year's 
winter drilling season. Getty said he was pleased that sig-
nificant steps have been taken to reduce industry's ad-
ministration costs for royalties. It is estimated that the num-
ber of paper filings will be reduced by 80 percent, with poten-
tial administrative cost savings to industry of $25 million an-
nually. 

Royalty Assistance Given to Suncor 

The Alberta Government and Suncor Inc. have reached a 
tentative agreement for royalty assistance in conjunction with 
a major investment at Suncor's Fort McMurray oil sands 
plant. 

Under the terms of the agreement, Suncor royalties to 
December 31, 1997 can be reduced depending on Suncor's 
spending levels on approved programs. The royalty assis-
tance available depends on the profitability of Suncor's oil 
sands operations and the price of crude oil. A minimum 
royalty level is maintained at all times and the total extent of 
royalty assistance available to December 31. 1997 will be 
capped. 

ERCB ISSUES ORDERS AND APPROVALS IN OIL 
SANDS AREAS 

The recent orders and approvals in the oil sands areas issued 
by Alberta's Energy Resources Conservation Board are 
listed in Table 1 (next page). 

SYNTHETIC FUELS REPORT, DECEMBER 1992 
3-7



TABLE 1

SUMMARY OF OIL SANDS ORDERS AND APPROVALS 

Expires! 
Rescinds 

App 6984	 21 Oct 92

Description 

Primary recovery schemes 
Norwest Oil & Gas Corp. 
St. Paul and Lindbergh Sector 

Commercial oil sands schemes 
Amoco Canada Petroleum Co. Ltd. 
Lindbergh and St. Paul Sectors 

Commercial oil sands schemes 
Consolidates App 3375, 4012 and 4448 
Amoco Canada Petroleum Co. Ltd. 
Lindbergh Sector 

Primary Recovery Schemes 
Amoco Canada Petroleum Co. Ltd. 
Brintnell Area 

Commercial oil sands schemes 
Suncor Inc. 
Primrose Sector 

Experimental oil sands schemes 
Pelican Lake Area 
C. S. Resources Ltd. 

Primary recovery schemes 
Frog Lake Sector 
PanCanadian Petroleum Ltd.

Order 
NumberDate 

App 6292C	 27 Jul 92 

App 4491F	 28 Aug 92 

App 4746C	 19 Aug 92 

App 6723B	 18 Aug 92 

App 6804	 23 Sep 92 

App 7016	 23 Oct 92

31 Aug 92 

31 Dec 2006 

31 Dec 2013 

31 Oct 94 

fl## 
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ENERGY POLICY AND FORECASTS 

U.S. HEAVY OIL POTENTIAL IS 1,000,000 BARRELS PER 
DAY BY 2005 

The characteristics and potential of United States heavy oil 
were discussed in a paper by M.L. Godec and H. Thu at the 
International Symposium on Heavy Oil and Residue Upgrad-
ing and Utilization held in Fushun, Liaoning, China in May. 

Heavy oil, for purposes of Godec and Thu's study, is defined 
as crude oil with an average gravity between 10° and 20°API. 
Interest in United States heavy oil grew rapidly during the 
1970s and early 1980s as a result of higher oil prices, con-
cents over United States reserves, and the development of 
steam drive thermal enhanced oil recovery (ThOR) technol-
ogy. 

Today, heavy oil makes a major contribution to United 
States crude oil reserves and production: 

- In 1990, California heavy oil production was almost 
700,000 barrels per day, about 500,000 came from 
TEOR. 

Cumulative heavy oil production through 1990 is 
estimated at about 13 billion barrels; of this, over 
9 billion barrels were produced from primary 
recovery and waterflooding processes and nearly 
4 billion barrels have resulted from TEOR. 

Remaining proved and indicated reserves in the 
large heavy oil fields are estimated at over 3 billion 
barrels; TEOR currently accounts for ap-
proximately 2 billion barrels of this total. 

The three most important factors influencing the potential 
recoverability of United States heavy oil are the size, loca-
tion, and characteristics of the resource. 

The United States has an estimated 80 billion barrels of oil 
originally in place (001?) in large (greater than 20 million 
barrels of 001?) heavy oil reservoirs. Another 20 billion 
barrels are estimated to exist in smaller (less than 20 million 
barrels OOJP) reservoirs. 

California has the largest concentration of heavy oil, with an 
estimated 42 billion barrels 001? in 139 large distinct reser-
voirs. Alaska contains the second largest volume of United 
States heavy oil resources in place with its large, only partly 
delineated, heavy oil area near the Kuparuk River, contain-
ing up to 25 billion barrels 001?. Wyoming contains the 
third largest accumulation of heavy oil in the United States, 
with nearly 5 billion barrels OOIP. Smaller accumulations of 
1 to 2 billion barrels 001? exist in Louisiana, Arkansas, 
Texas, and Mississippi.

Because the cost and efficiency of TEOR processes are 
strongly dependent on the depth of the reservoir, it is sig-
nificant that a substantial portion, 35 billion barrels 001? in 
131 reservoirs, of the United States heavy oil resource is at 
shallow depths of less than 3,000 feet, where conventional 
steam drive methods are commercially practiced. However, 
a somewhat larger amount of oil in place (42 billion barrels 
in 84 reservoirs) is at a depth of 3,000 to 5,000 feet. These 
greater depths will lead to higher wellbore and reservoir heat 
losses and higher drilling costs. Advances in steam drive and 
heat injection technology will be required to efficiently and 
economically produce most of these deeper heavy oil reser-
voirs. Finally, 3 billion barrels OOIP exist in 33 deep (over 
5,000 feet) reservoirs, presenting a major challenge to TEOR 
technology. Figure 1 shows the distribution of United States 
heavy oil reservoirs. The specific characteristics of a heavy 
oil field determine whether it can be feasibly developed with 
conventional TEOR technologies or whether more advanced 
technology and further research are required to unlock its 
potential. 

Two types of thermal recovery processes were considered in 
Godec and Thu's analysis—steam injection and in situ com-
bustion. Distinct reservoir screening criteria exist for steam 
injection and in situ combustion, and for each type, two 
levels of extraction technology are considered, implemented 

FIGURE 1 
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and advanced technology. In general, implemented technol-
ogy is limited to the geologically favorable heavy oil 
prospects that have already demonstrated success. Ad-
vanced ThOR technologies would enable the steam drive 
process to be applied to deeper and more viscous reservoirs 
and enable both the steam and in situ combustion tech-
nologies to be economically viable in the more marginal 
heavy oil targets. 

Economic Recovery Potential 

The true significance of the United States heavy oil resource 
ultimately depends on how much of this resource is economi-
cally recoverable and how much can ultimately be produced. 
This, in turn, is a function of available recovery technologies, 
costs of production, the price of oil, and market and environ-
mental constraints. The analyses of ThOR potential per-
formed in this study were conducted using ICF Resources 
Secondary and Tertiary Advanced Recovery Technology 
Evaluation System, using detailed resource data for the 
major United States heavy oil reservoirs.

The estimated quantity of economically recoverable oil from 
ThOR is summarized in Table 1. The breakdown of 
economically recoverable oil from steam injection processes 
alone is presented in Table 2. Based on this analysis, and as-
suming an oil price of US$25 per barrel, an estimated 
5.0 billion barrels are recoverable using ongoing currently 
implemented steam injection processes. Installation of new 
steam injection operations using currently implemented tech-
nology will increase the recoverable oil to 63 billion barrels. 
Installation of new advanced technology steam injection 
operations increases the estimate of recoverable oil by 
another 23 billion barrels. The addition of in situ combus-
tion processes using currently implemented and advanced 
technology results in the potential of another 2.0 and 
3.1 billion barrels of recoverable oil, respectively. 

Godee and Thu estimate that oil production from United 
States heavy oil could increase from current rates of about 
530,000 barrels per day to over 700,000 barrels per day by the 
year 2000, assuming oil prices reach US$25 per barrel. With 
aggressive research and development, technology develop-

TABLE I 

ECONOMICALLY RECOVERABLE OIL FROM THERMAL EOR
(Billions of Barrels) 

Crude Oil Price	 Steam Injection
	

In Situ Combustion 	 Total 
(51990/8th	 Implemented Advanced Implemented Advanced Implemented Advanced 

20 6.0 6.5 13 2.5 7.5 9.0 
25 63 8.6 2.0 3.1 83 11.1 
30 7.9 10.9 2.2 4.4 10.1 153 
40 8.0 12.1 43 6.6 123 18.7 

TABLE 2 

BREAKDOWN OF ECONOMICALLY RECOVERABLE RESOURCES 
FROM STEAM IN.JECFION PROCESSES

(Billions of Barrels)

Implemented Technoloay Advanced Technoloay 
Crude Oil Price Ongoing Total Ongoing Total 
($1990/Bbl) Projects New Projects Projects New Projects 

20 4.8 1.2 6.0 4.8 1.7 6.5 
25 5.0 13 63 5.0 3.6 8.6 
30 53 2.6 7.9 5.3 5.6 10.9 
40 5.6 2.4 8.0 506 6.5 12.1
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ment and wide-scale application of TEOR in United States 
oil fields, future heavy oil production could reach 1 million 
barrels per day by the year 2005. 

The potential United States heavy oil production from 
ThOR alone, assuming three different technology develop-
ment scenarios, is illustrated in Figure 2. 

FIGURE 2 

POTENTIAL U.S. HEAVY OIL
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The business-as-usual scenario assumes a modest rate of ex-
traction technology development and wide-scale implementa-
tion, with implemented technology beginning to be widely 
applied in fields where it is technically and economically vi-
able by 1997, and advanced technology being developed and 
commencing wide-scale implementation by 2010. The aggres-
sive research and development scenario assumes the wide-
scale application of implemented extraction technologies in 
other fields where it is technically and economically viable 
beginning in 1994, with advanced technologies assumed to be 
available and beginning wide-scale implementation in 1998. 
The environmentally-constrained scenario assumes a 
business-as-usual rate for technology development, but also 
takes into account environmental considerations such as air 
and water quality, solid-waste disposal and impacts on endan-
gered species. 

The authors conclude that United States heavy oil resources 
represent a significant future source of liquid fuel. 
Moreover, its relatively low costs per barrel make it an attrac-
tive near-term energy source. However, about one-half of 
the United States heavy oil resource base resides in reser-
voirs outside the technical bounds of currently implemented 
steam-based ThOR technology. With advances in TEOR 
technology, improved process economics, higher oil prices 
(above $25 per barrel), and the means for overcoming cur-
rent environmental considerations, heavy oil can make a sub-
stantial contribution to United States crude oil production 
for the rest of this century and beyond. 

fl's 
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ECONOMICS 

HIGH CONVERSION WITH INTEGRATED 
HYDROTREATING SAID MOST ECONOMICAL FOR 
UPGRADING 

A comparison of several upgrading techniques shows that 
high conversion hydrogen processes with integrated 
hydrotreating offer a significant advantage over the coking 
processes and low conversion hydrogen addition processes 
with separate hydrotreating. The results of this comparison 
were reported in a paper by K. Padamsey of the Alberta Oil 
Sands Technology and Research Authority (AOSTRA). The 
paper was presented at the International Symposium on 
Heavy Oil and Residue Upgrading and Utilization held in 
Fushun, Liaoning, China in May.

To compare the processes on a consistent basis, an upgrader 
complex, utilizing the following three processing schemes 
was designed and costed: 

Flaicoking with separate hydrotreating 

- Low conversion (55 percent) LC-Fining combined 
with delayed coking of unconverted material and 
separate hydrotreating. 

VERA Combi-Cracker (VCC)—High conversion 
(95 percent) hydrogen addition with integrated 
hydrotreating (Figure 1) 

FIGURE 1 
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Each upgrader complex was designed to process 
60,000 barrels per calendar day (BPCD) of Cold Lake 
Bitumen and produce a synthetic crude oil that could be sub-
stituted for conventional crude oil in existing refineries. 

In addition to producing synthetic crude oil, all schemes 
produce salable byproduct sulfur. The low conversion LC-
Fining scheme produces salable anode grade coke and the 
Flexicoking scheme produces salable excess low-BTU gas. 
The VCC scheme, on the other hand, produces a small 
amount of pitch residue which is disposed of, at a cost, in a 
separate fluidized-bed-combustion power generation facility. 

Cost Estimates 

Capital cost estimates were prepared and expressed in 1989 
Canadian dollars for each of the three upgrading schemes. 
These estimates are summarized in Table 1. 

Capital costs for the VCC and Mexicoking schemes are 
about equal at $1,270 million. The capital cost of the LC-
Fining/coking scheme is approximately 12 percent higher at 
about $1,430 million. 

Operating cost estimates were prepared and expressed in 
1989 Canadian dollars for each of the three upgrading 
schemes. These estimates are summarized in Table 2.

VCC scheme is $119 million and that of the LC-
Fining/coking scheme is $131 million. 

Revenue Estimates 

The following are the major revenue components: 

- Synthetic crude oil was priced at $25 per barrel. 

- Sulfur was priced at $60 per long ton. 

- Anode grade coke was priced at $25 per long ton. 

- Low-BTU gas was priced at 60 percent of the 
natural gas on heating value bases. 

The revenue estimates are summarized in Table 3. 

The VCC scheme yields the highest annual revenue at 
$592 million. The LC-Fining/coking scheme has an annual 
revenue of $570 million and the Flexicoking scheme has an 
annual revenue of $490 million. The differences in revenue 
are primarily due to differences in synthetic crude oil yield 
which were 106.5 percent (volume) for the VCC scheme, 
101.5 percent for the LC-Fining/coking scheme and 
86.6 percent for the Flexicoking scheme. 

Economic analysis 
The Flexicoking scheme has the lowest annual operating cost 
at $78 million due to the use of Flexicoker gas rather than 	 Economic analyses were based on the determination of the 
purchased natural gas. The annual operating cost of the 	 price available for bitumen. This is defined as the price that 

TABLE 1 

CAPITAL COST ESTIMATES 
(Millions of 1989 Canadian $) 

LC-Fining 
Ycc	 Coking Flexicoking 

Direct Field Costs 628.2 720.1 634.8 
General Field Expenses 154.8 158.8 145.1 
Engineering & Procurement 117.5 134.7 118.7 
Other Capital Costs 

Initial Catalyst & Chemicals 7.1 6.6 4.4 
Owner's Budget 90.0 1013 89.9 
Start-up Budget 45.0 50.7 44.9 
Capital Spares 63 8.4 6.7 

Allowance for Ommissions 104.9 118.0 104.5 
Contingency 115.4 129.8 114.9 

Total 12693 14283 1263.9
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TABLE 2 

OPERATING COST ESTIMATES 
(Millions of 1989 Canadian $) 

Variable 
Natural Gas 
Electric Power 
Catalyst & Chemicals 
Residue Disposal 

Subtotal 

Semi-Variable 
Operating Labor 
Maintenance Labor & Material 
Miscellaneous Supplies 
General & Administration 
Insurance 
Local Taxes 
Interest on Working Capital 

Subtotal 

Total

LC-Fining 
VCC	 Coking Flexicoking 

30.2 22.3 
10.8 14.3 6.2 
8.4 22.8 6.5 
5.6 

55.1 59.4 12.8 

11.1 13.2 12.7 
36.0 40.5 35.9 

0.5 0.5 0.5 
4.7 4.7 4.7 
3.2 3.6 3.2 
6.3 7.1 63 
1.6 1.8 1.7 

633 71.4 65.0 

118.6	 130.8	 71.8 

TABLE 3 

REVENUE ESTIMATES
(Millions of 1989 Canadian 5) 

Synthetic Crude Oil 
Sulfur 
Coke (Anode Grade) 
Low BTU Gas 

Total 

LC-Fining 
VCC Coking Flexicoking 

583.14 555.83 474.06 
8.72 8.52 8.67 

5.81
6.73 

591.86 570.16 489.46

can be paid for a barrel of the Cold Lake bitumen (diluent 
free) after paying from the total revenue all the capital and 
operating costs over the life of the complex. The economic 
assumptions used in the calculation were as follows: 

Discount rate of return: 10 percent

- No inflation, taxes, crown royalties or depreciation 

- 100 percent equity 

- A 4.5-year construction period inclusive of the first 
year's operation 
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proximately $14.00, has a significant economic advantage 
- over both the LC-Fining/coking scheme which has a price 
available for bitumen of $11.50 and the Flexicoking scheme 
which has a price available for bitumen of $11.20. 

25-year operating life 

The results of the economic analyses are summarized in 
Table 4. 

The results of the economic analysis indicate that the VCC 
scheme, which has a price available for bitumen of ap-

TABLE 4 

ECONOMIC ANALYSIS
(1989 Canadian $/Barrel of Cold Lake Bitumen) 

Revenue 
Synthetic Crude Oil 
Sulfur 
Coke (Anode Grade) 
Low BTU Gas 

Total 

Costs 
Capital 
Operating 

Total 

Available for Bitumen

LC-Fining 
VCC Coking Flexicoking 

26.63 25.38 21.65 
039 039 0.40 

0.27
031 

27.02 26.04 2236 

739 831 736 
5,64 6.23 3.79 

13.03 1434 11.15 

13.99 11.50 11.21

fl##
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TECHNOLOGY 

RESEARCH ON COPROCESSING OF HEAVY OIL AND 
COAL RECOMMENDED 

In a paper presented at the 42nd Canadian Chemical En-
gineering Conference, held in Toronto, Ontario, Canada in 
October, R.T. Bailey of the Alberta Oil Sands Technology 
and Research Authority (AOSTRA) noted that as conven-
tional oil production declines, there is a continuing need to 
look to alternative sources. Primary production of light con-
ventional crude now accounts for only half of Canada's oil 
production. The other half is from less conventional sources: 
enhanced oil recovery, heavy oil production and synthetic 
crude oil from oil sands bitumen. In Alberta, there is an 
abundance of heavy hydrocarbons and natural gas but a grow-
ing shortage of light sweet crude oil. 

Coprocessing is a technology which can convert these abun-
dant resources into the required light sweet crude oil. 
Hydrocracking processes can process together coal and 
bitumen, combining them with hydrogen from natural gas 
and water to produce high quality synthetic crude oil. This 
coprocessing of coal and heavy oil is of specific interest in 
Alberta where the feedstocks are abundant and infrastruc-
ture exists for the production, processing and marketing of 
hydrocarbon fuels. 

In 1989, a joint government/industry study was initiated to 
review the potential for commercialization of coal/heavy oil 
coprocessing. The first phase reviewed coprocessing technol-
ogy and compared the economics of coprocessing to heavy 
oil upgrading. In the second phase, Monenco determined 
the cost of siting a coprocessing plant at various locations 
such as coal mines, powerplants, or heavy oil production 
sites. Kilborn investigated the potential for refinery integra-
tion and reviewed the environmental regulatory issues for 
the integration of coal and oil industries. Purvin and Gertz 
undertook a market analysis to determine the quality require-
ment and market value for coprocessing products. 
AOSTRA was the operator of the project and did the tech-
nology review, cost estimates and economics for the various 
coprocessing schemes. 

The results from the study identified the best cases to be 
near mine sites in the Edmonton area because of the 
developed infrastructure, low coal costs and the availability 
of byproduct hydrogen. Technology and plant size also in-
fluenced project economics. The dominant factor in the 
economics was the price of oil as this affected the cost of 
feedstock and value of products. Significant increases in oil 
prices from the current $20 per barrel are required to justify 
the substitution of coal for heavy oil, in spite of the inherent 
lower costs for coal. Even for coal delivered to the coproces-
sor for less than $20 per tonne, the higher capital cost and 
increased hydrogen consumption for coprocessing were not 
compensated by feedstock cost savings from processing coal.

Bailey says that although coprocessing may not be the 
breakthrough technology which will make it possible to un-
dercut OPEC prices, it does offer significant future potential. 
It makes use of available resources as low-cost feedstocks to 
provide the higher value products the market requires. It al- 
lows diverse companies such as heavy oil producers, coat 
miners, gas producers, power companies, and oil refiners the 
opportunity to work together in this part of the energy busi-
ness. There are complementary aspects which may provide a 
synergy not available to the individual sectors. 

Because of the current low oil prices, now is not the time to 
proceed with the pioneering coprocessing venture but there 
is a need for continuing research and development to keep 
the coprocessing option open. 

"S 

ULTRASHORT RADIUS RADIALS SHOW PROMISE IN 
CALIFORNIA HEAVY OIL TEST 

A cyclic thermal application of the Ultrashort Radius Radial 
System (URRS) in California has shown promise for ex-
tended completion in reservoirs of heavy oil. A description 
of this United States Department of Energy (DOE) project 
is contained in a paper by W. Dickinson, et al., which was 
presented at the Eighth Symposium on Enhanced Oil 
Recovery held in Tulsa, Oklahoma in April. 

The IJRRS has been designed to provide extended comple-
tion whereby multiple horizontal radials (wells) are drilled 
and completed in multiple directions, on common or mul-
tiple horizons. The result is to increase the effective 
wellbore diameter many fold. 

The demonstrated field effects associated with these wells 
have been as follows: 

- Enhancement of stable thermal production in 
heavy oil in both the well with radials and offset 
wells 

- Enhancement of stable production rate by 2 to 
4 times 

- Minimization or elimination of gravity override in 
cyclical thermal production of heavy oil 

- Access to new reserves previously precluded from 
the vertical well due to reservoir heterogeneity or 
low reservoir energy 
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Penetration beyond near-welibore damage to 
enhance oil production rate 

- Indication of stable, essentially flat production 
within the limitations of the heat input to the reser-
voir 

Petrolphysics has designed a system capable of accurately 
placing multiple 30- to 60-meter long radials, either in one 
reservoir stratum or in several reservoir layers. For 
demonstration purposes, 207 radials of 32-millimeter 
diameter have been placed in a single well, in five layers. 

The California Heavy Oil Well 

The DOE project work was divided into three phases. 

Phase I, site and well selection, resulted in selection of the 
Bremer Lease and the drilling and under-reaming of a new 
well, Bremer RI-53, for the project. 

During Phase II, a total of four radial boreholes were success-
fully drilled and completed utilizing the URRS. The radials 
were placed in the Potter "C" sand in the newly drilled verti-
cal well (Bremer RI-53) located in the Midway-Sunset Field. 
Radial lengths of 18.2 to 32.0 meters were achieved. Each of 
the radials was completed with a horizontal gravel pack; a 
flexible sand barrier completion was also placed in one of 
the four radials. The vertical well was subsequently gravel 
packed throughout the 9.1 meter open hole interval. Upon 
completion of the well, steam was injected for a period of 
12 days. The well was then placed on production. 

Phase Ill comprised cyclic thermal injection and production 
operations. 

During the first week of production following the steam injec-
tion, production from Bremer 81-53 was quite low; produc-
tion averaged less than 5 barrels of oil per day. By com-
parison, a typical cyclic producer has a relatively high initial 
production rate. However, during the subsequent 3-week 
period, production began to ramp up dramatically and 
peaked at approximately 60 barrels of oil per day. This 
production level was higher than "typical" producing wells 
drilled at a similar time and spacing. This comparatively 
high level of oil production was also accompanied-by a cor-
respondingly low level of water production; a 30.5 percent 
water cut was measured. 

Oil production remained at a relatively high plateau during 
approximately 3 months of observation. This consistent level 
of oil production was considered to be anomalously high, 
relative to the typical producer in the field. 

According to the authors, this may have been caused by 
several properties including penetration of the near-wellbore 
damage, penetration of reservoir heterogeneity, and a lesser

convergence or different flow condition associated with the 
multiple radials as compared to a conventional vertical well. 

Multiple radials probably have two flow characteristics which 
are different from a vertical well. First, with long multidirec-
tional, high permeability radial flow channels, the fluid 
velocity is lower and in turn the pressure gradients within the 
reservoir are lower. This would explain both reduced 
water/oil ratio or a lesser tendency to water cone. 

Second, with multidirectional radials, deleterious reservoir 
heterogeneity and anisotropy affects should be less 
pronounced and some oil which was heretofore immobile 
may become producible. 

Early production results are favorable on an absolute and on 
a comparative well basis. Bremer RI-53 is early in its produc-
tive life, but the following interpretations apply to the first 
production cycle. 

On average, the well completed with radials had initial 
production rates after thermal stimulation in excess of typical 
producers in the lease. The well maintained a relatively level 
production profile throughout the observation period. 

Although the well with radials was only completed in a 
9.1 meter vertical open hole zone, its daily production was 
equal to or exceeded recently completed producers with 
121.9 meter vertical open hole completions. 

Conclusions 

Multiple direction, horizontal radials increase the effective 
wellbore diameter by many times and appear to effectively 
penetrate near-wellbore damaged zones. The result is a sig-
nificant increase in oil production. 

The multiple radials probably change the pressure gradients 
within the reservoir and result in a significantly reduced 
water/oil ratio. 

The multiple radials probably access oil that is otherwise 
immobile. This is the probable cause of the reduced rate of 
oil production curve and possibly may increase recoverable 
reserves. 

In thermal recovery, the radials appear to be effective in 
eliminating the negative effects of steam override conditions. 

In, 

ASPHALT SEEN AS PRIME USE FOR HEAVY CRUDE 
RESIDUE IN CANADA 

In Western Canada, the majority of paving asphalts are 
produced from heavy crude oils from the Alberta and Sas-
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katchewan oil fields. The use of vacuum residues from heavy 
crude oils for asphalt production and a comparison of the 
quality of various asphalts are discussed in a paper by 
L. Zanzotto, et al. The paper was presented at the Interna-
tional Symposium on Heavy Oil and Residue Upgrading and 
Utilization held in Fushun, Liaoning, China in May. 

Asphaltic Products from Uoydminster Heavy Crude Oils

TABLE 1

ASPHALTS FROM DIFFERENT CRUDE OILS 

Penetration 
@25°C 

Origin	 Grade	 (dmm) 

Paving asphalts presently produced at Husky Oil are ex- Lloydminster, Canada 85/100 Pen 96 
clusively residues from vacuum distillation of heavy crude oil. Redwater, USA AC-8 102 
The majority of paving asphalts is produced according to West Texas Sour, USA AC-10 75 
specifications based on penetration at 25°C. Rangely, USA AC-10 93 

Arabian Heavy, Middle East AC-20 104
To compare asphalts manufactured from Alberta and Sas-
katchewan heavy crude oils with other asphaltic materials 
utilized in North America, the Lloydminster asphalt was com-
pared with several asphalts of comparable penetration. The 
asphalts selected for comparison are produced from the fol-
lowing crude oils: 

- Redwater (United States) 
- West Texas Sour (United States) 
- Rangely (United States) 
- Arabian Heavy (Middle East) 

The grades of asphalts from the selected crudes are 
described in Table 1. Group compositions of selected as-
phalts are summarized in Figure 1. Table 2 summarizes 
some of their physical properties. 

It appears that the molecular weight of the heaviest fractions 
of asphalts, as well as the amount of paraffinic and naph-
thenic carbons in these structures have a strong impact on 
the colloidal structure and consequently, on the temperature 
susceptibility of the asphalts. Relationships between the 
structure of these heaviest fractions and their resistance to 
aging can also be expected. 

The results suggest that Uoydminster asphalt has a high as-
phaltene level, yet considerable amounts of paraffinic and 
naphthenic structures and relatively low carbon to hydrogen 
ratio. The high viscosity at 60°C together with a large dif-
ference between equiviscous temperature and glass transi-
tion temperature suggest good resistance to plastic deforma-
tion and thermal cracking. Tests indicate that this particular 
asphalt has good resistance to aging. 

Modified Asphalts 

According to the paper, asphalt has been, and in the foresee-
able future, will remain an unchallenged material for con-
struction of flexible pavements. However, denser, heavier 
and faster transportations puts significantly higher demand 
on the quality of asphaltic roads. For the heaviest loaded 
highways and urban arteries, the engineering properties of 
conventional asphalts are stretched to their limit.

The mechanical deficiencies of asphaltic pavements manifest 
themselves mainly by different types of plastic deformation 
(rutting, shoving, washboarding), by thermal cracking, 
fatigue cracking, or by the combination of these. 

The ideal and real rheological properties of asphalt are 
shown in Figure 2. 

The quality of paving asphalts strongly depends on the type 
of crude oil used for their production. Historically, the most 
common way of producing paving grades of asphalt is simple 
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TABLE 2 

PHYSICAL CHARACTERISTICS OF SELECTED ASPHALTS 
AND RESULTS OF TFOT 

Lloyd- West Texas Arabian 
minster Redwater Sour Ranpel Heavy 

Dynamic Viscosity 
@60°C (Pas) 197 89 96 119 134 

Kinematic Viscosity 
@135°C (min's-) 373 219 253 294 302 

Equiviscous Temp. 
@200 Pa's (°C) 60 54 56 56 57 

Glass Transition 
Temp. (C) -19.0 -16.3 -20 -21.8 -14.8 

Delta T (C) 79 703 76 77.8 71.8 
Penetration Index -03 -1.5 0.03 -0.7 -0.8 
TFOT 

Weight Loss (wt%) 0.23 0.17 0.10 1.23 0.03 
Retained Pen (9l) 64.6 53.9 613 493 63.5 
Ageing Index 1.95 2.62 2.48 335 2.03

vacuum distillation. However, for crude oils with low asphal-
tene content, new technologies include mild thermal or 
catalytic oxidation, sometimes called semiblowing. 

It is now accepted that the best way of enhancing asphalt 
properties is to compound asphalt with small amounts of 
polymeric material. There is interest in developing these 
materials in Europe, North America and Japan. 

Commercially available polymers such as styrene-butadiene-
styrene polyblock copolymers, styrene-butadiene rubbers, 
ethylene vinyl-acetates, EPDM rubbers, polyethylene, atactic 
polypropylene and reclaimed vulcanized rubber have been 
used in hot mixes. These are materials with a wide variety of 
behaviors from crystalline plastics, to true rubbers and their 
impact on asphalt properties is profoundly different for each. 

The use of polymer/asphalts in road construction, to date, 
has involved the upper layers of roads. These are directly 
exposed to traffic loads and distribute immediate imposed 
stresses. Temperature changes, especially during the fre-
quent freeze-thaw cycles, in this layer are also the largest. 

Asphalt Specifications 

Because of the complex nature of asphalts and the dif-
ferences in behavior of asphalts from different sources, it is 
still difficult to describe asphalt in engineering terms.

Two new specifications for asphalt are being developed in 
North America. The goal of the Strategic Highway Research 
Program (SHRP), financed by the federal government of the 
United States, is to develop performance specifications for 
asphalts and asphalt/aggregate mixes. The development of a 
performance-based asphalt grading system is being pursued 
by the Pacific Coast Asphalt User-Producer Group. These 
specifications are based on climatic conditions in the areas 
where the asphalt is to be used. 

The performance specifications developed under the 
auspices of the SHRP are based on a rheological model of 
asphalt. The principle of time-temperature superposition is 
used in the proposed specifications. A slate of asphalts used 
in North America was tested for their dynamic mechanical 
properties. Results from the tests were treated using time-
temperature superposition and master curves of the complex 
modulus versus frequency were constructed. The mathemati-
cal model of the curves (hyperbola) was developed according 
to the best fit of all asphalts. The model is demonstrated in 
Figure 3 (page 21). 

Several assumptions are made: 

- Complex modulus reaches a maximum (glassy 
modulus), which is almost equal for all asphalts 

At sufficiently low frequencies asphalt behaves as a 
Newtonian liquid 
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FIGURE 2 

IDEAL AND REAL RHEOLOGICAL 
BEHAVIOR OF ASPHALTS 
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Rheological behavior of asphalt can be fully 
described by four parameters: glassy modulus, vis-
cous asymptote, cross-over frequency and rheologi-
cal lit 

All these parameters are demonstrated in Figure 3. To ob-
tain these parameters, measurement at two temperatures 
and two frequencies (or loading times) is proposed with sub-
sequent computer treatment of the results to develop master 
curves for a given asphalt and to obtain the required 
parameters. The different grades are further specified ac-
cording to weather conditions. 

BOREHOLE MINING TESTS UNSUCCESSFUL AT COLD 
LAKE BUT MAY HOLD PROMISE FOR ATHABASCA 

The status of borehole mining in the Cold Lake and 
Athabasca deposits of Alberta, Canada was discussed in a 
paper by R.E. Overfield, et al., at the AOS'FRA/Canadian 
Heavy Oil Association 1992 Conference in June.

Alberta's vast oil sands resource is currently produced by sur-
face mining and in situ steam-based techniques. Substantial 
resources lie at depths which are not suitable for any of these 
techniques for either economic or technical reasons. Im-
perial Oil has an ongoing research and development 
program to create lower cost alternatives to cyclic steam 
stimulation for Cold Lake. One of the processes that has 
been considered is borehole mining. So far two pilots have 
been undertaken to evaluate this process at Cold Lake. 

The OSLO joint venture leases in the Athabasca deposit con-
tain bitumen resources that are too deep for surface mining 
and too shallow for steam-based recovery techniques. In 
1984 the consortium started investigating borehole mining as 
a potential method of assessing these reserves. Tests were 
conducted in surface pits and at shallow depths. 

Cold Lake 

The majority of the developed reservoirs in the Clearwater 
Formation of the Cold Lake region are at depths greater 
than 420 meters: The reservoir sands contain 10 percent by 
weight bitumen, with thicknesses in excess of 25 to 
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FIGURE 3 
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40 meters. Immediately overlying the Clearwater Formation 
is a 5-meter thick shale layer. 

Owing to the depth of the Clearwater Formation in the Cold 
Lake deposit, the drilling costs to access the reservoir for 
borehole mining are high. In order to recover these costs 
and the operating expense, it is necessary to mine a large 
cavern from each well. A major component of the operating 
expense is the energy consumed by the high-pressure water 
jets. 

In order to minimize the energy input, it was hypothesized 
that high velocity jets would be used only to form the initial 
cavern radius. Once a pancaked shaped cavern of sufficient 
radius had formed, the overlying oil sands would fall in and 
the cavern would grow vertically upwards. When a critical 
cavern height was reached, the cavern wall would become 
unstable and slough in. At this stage it would no longer be 
necessary to use high velocity jets to cut into the oil sands 
because sloughing would transport the oil sands into the 
vicinity of the jet. Low velocity jets, with a much lower 
energy requirement, could then be used to slurri' the oil 
sands. The pressure within the cavern would be maintained 
at a level sufficient to force the slurry back to surface via the 
annular space between the jetting string and the inter-
mediate casing. 

The cavern would grow laterally as well as vertically until the 
ceiling reached the Clearwater Shale. The impermeable 
shale layer would be held in place by the pressure within the

cavern so that the cavern would develop into an inverted 
cone with a flat roof. The envisioned borehole mining con-
figuration is illustrated in Figure 1. 

The Cold Lake commercial vision would have resulted in all 
the solids being transported to the surface. It was envisioned 
that at the completion of mining, each cavern could be back-
filled with spent sand. Unfortunately it would not be pos- 
sible to fill the cavern completely, nor would the solids den-
shy within the cavern reach the in situ value. Because of 
these considerations and the hulking of the material left on 
surface, it was estimated that an amount equivalent to 
50 percent of the final cavern volume would have to be dis-
posed of on surface. This represented a significant cost and 
environmental hurdle and was to be studied at the next stage 
of the project. 

Two pilots were completed at Cold Lake, in 1990 and 1991. 
In the 1991 pilot, the maximum production rate achieved was 
50 tons per hour, with a sustained average of 30 tons per 
hour at a flow rate of 2.5 cubic meters per minute. This maxi-
mum rate is half the target commercial rate of 100 tons per 
hour.

FIGURE 1 
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The mining efficiency observed in the pilot operation was 
lower than expected. In order to achieve a reasonable 
production rate, it was necessary to use the high velocity jets 
with their corresponding high energy requirement. When 
the low velocity jets were used, a reasonable production rate 
was never achieved. 

At Cold Lake, the overall bitumen recovery was expected to 
be high. However, the shallow wall angle required to 
achieve a sufficiently large cavern volume reduced the over-
all reservoir recovery to 25 to 30 percent. Even so, this was 
greater than that achieved with cyclic steam stimulation at 
Cold Lake. 

The creation of a sufficiently large cavern for economic suc-
cess requires a stable shale roof. In the 1991 pilot operation, 
it was determined that the shale roof remained stable for 
only a few days. If borehole mining at Cold Lake is to 
succeed, a technique which does not rely on the stability of 
the shale layer must be developed. 

The conclusion from the two pilot operations was that the 
existing vision for borehole mining at Cold Lake is not an 
economic approach for producing the reservoir. The pilot 
had shown that reasonable production rates can be achieved; 
however, the mining efficiency is poor, the shale roof will not 
remain stable and the cavern wall angle is steeper than 
hoped. 

Athabasca 

Reservoir depths in the McMurray Formation of the 
Athabasca region range from zero to several hundred 
meters. The richest reservoirs contain greater than 
10 percent by weight bitumen, with thicknesses in excess of 
20 to 60 meters. 

The McMurray Formation lies under an average overburden 
thickness of 60 meters. Therefore, the drilling costs are 
much lower than those at Cold Lake and consequently can 
be recovered with a much smaller cavern. However, the 
energy required for the water jets remains a major considera-
tion. 

For Athabasca borehole mining, it was hypothesized that a 
special purpose drilling rig could be designed to drill wells 
quickly and at low cost. Then jetting would commence un-
der one of two scenarios. The first was to jet in air. This re-
quired the slurry level in the cavern to be kept below the jet-
ting point by using a downhole pump as illustrated in 
Figure 2. Jetting in air would reduce the energy needed for 
mining because turbulent losses would be minimized. 

The second scenario was to jet underwater with the use of an 
extendible arm. The arm would move the jetting point to 
the face of the oil sands so that the standoff distance, and 
hence energy required, was minimized. In both cases a 
cylindrically shaped cavern would be formed.

FIGURE 2 
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It was hypothesized that initially all of the reservoir material 
would be mined out to create a cavity, and then only water, 
bitumen and fines would be mined out, leaving all the coarse 
material in the cavern. At the completion of mining, the 
cavern would be almost full of coarse material and only a 
small volume of backfill would be required to provide long-
term stability. 

Field tests were carried out in surface pits in 1989 and at a 
depth of approximately 10 meters in 1990 at the Athabasca 
test site. 

Jetting in air under atmospheric pressure, as proposed for 
the Athabasca site, results in an unsupported roof and poten-
tial cavern instability. Two proposals were considered to 
overcome this problem. Firstly, pressurize the cavern with 
air. The practicality of this idea was tested by attempting to 
pressurize the formation through a wellbore. It was unsuc-
cessful because the permeability of the formation was too 
high. Secondly, increase the mining rate to a level which will 
allow mining to be completed before catastrophic failure of 
the roof occurs. 
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In the tests undertaken so far, the highest mining rate 
achieved was 21 tons per hour. This was achieved with a jet-
ting rate of 1.5 cubic meters per minute. Scaleup of the com-
mercial target of 840 tons per hour with a jetting rate of 
11.4 cubic meters per minute is required to make the jetting 
in air scenario feasible. 

When compared to the Cold Lake pilots, the Athabasca 
site's smaller cavern site and vertical walls enable the overall 
bitumen recovery to exceed 50 percent. The bitumen 
recovery will be studied in further detail in future pilot work. 

The 1989 in-pit field tests indicated that the water jets 
stripped the bitumen from the oil sands and the clean sand 
dropped to the bottom of the pit. About 75 percent of the 
mined sand was left behind in the cavern and only the 
oil/water mixture was produced to surface. If successful, this 
system has the potential to be the lowest cost method of 
production. 

A future pilot has been designed to test the key technical 
hurdles that need to be overcome for commercial success at 
Athabasca—cavern stability and mining rates. In addition, a 
test to evaluate the concepts of jetting in air and jetting un-
derwater is planned. The authors believe that sufficient in-
formation can be obtained from these pilot tests to either jus-
tify a much larger test or abandon the concept. 

nfl

CLAYS HAVE CATALYTIC EFFECT IN COPROCESSING 

Clay, present in low-rank coal, acts as a catalyst during coal 
liquefaction and coprocessing, according to B.D. Kybett and 
D.M. Matiri of the University of Regina in Saskatchewan, 
Canada. 

The effect of clay on the composition of the solid residues 
(semicokes) from these processes was reported by Kybett 
and Matiri in a paper presented at the 42nd Canadian Chemi-
cal Engineering Conference held in Toronto, Ontario, 
Canada in October. 

Experimental 

Three bitumens were used in the experiments. They did not 
differ much in elemental composition, but the asphaltene 
content and infrared analyses showed that they differed sig-
nificantly in chemical composition. Saskatchewan heavy oil 
vacuum bottoms (SKvb) contained relatively large amounts 
of unsubstituted aromatic rings joined by long alkyl chains, 
while H-oil contained more substituted (by methyl) aromatic 
rings. 

Two clays were used in the experiments. ICaolinite, a 1:1 
layer silicate with the layer unit strongly linked by hydrogen

bonds was used for experiments reported. In addition, a few 
experiments were done with a montmorillonite clay. Thirty-
gram mixtures of bitumen and clay (10 weight percent) were 
heated in an autoclave to 425°C with a hydrogen atmosphere 
and the products extracted with toluene. 

Results 

Petrographic analysis was used to assess the maturity of the 
residues. The reaction of the bitumen to form residues 
begins with the appearance of anisotropic mesophase 
spherules which are surrounded by an isotropic matrix. 
These spherules grow, at the expense of the isotropic matrix, 
to form large spheres which coalesce to form flow domains. 
The total amount of anisotropic material was reduced 
(Table 1) by the presence of clay. The clay also restricted 
the growth of the mesophase spherules (Fable 2). Several 

TABLE I 
YIELD OF ANISOTROPIC 

MATERIAL 

Anisotropic Material 
Bitumen	 No Clay	 clay 

CLvbt	 68	 44 
SKvb2	 92	 83 
H-Oil	 74	 69 

'Cold Lake vacuum bottoms 
2Saskatchewan heavy oil 
vacuum bottoms 

TABLE 2 

RELATIVE AMOUNTS
OF MESOPHASE 

Mesophase
SKvb 

Isotropic 26.2 8.0 
Very Fine 2.0 0.0 
Fine 9.2 1.2 
Medium 32.4 13.2 
Coarse 11.6 36.6 
Flow 0.4 37.2 
Other 18.2 3.8
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investigators have pointed out that hydrogen transfer reac-
tions during the initial stages of carbonization play an impor-
tant role in determining the extent of mesophase develop-
ment. SKvb, which has a larger amount of hydroaromaticity 
and methylene bridges, formed more anisotropic material 
and showed more mesophase development than Cold Lake 
vacuum bottoms (CLvb). Infrared spectroscopy of the 
residues showed that clay reduces the amount of aromatic 
rings and methyl and methylene groups in the residues, 
which results in higher yields of fluids. 

Clay could have partially acted as a diluent. Clay can also 
act as an acid catalyst, formed by the replacement of alkaline 
earth ions on the lattice by hydrogen ions, and will donate 
protons to the free radicals formed in the initial stages of car-
bonization, reducing condensation and cross-linking to form 
polyaromatic species. 

According to the paper, coprocessing experiments have 
shown that there is synergism in terms of increased distillate 
and decreased residue yields over a small range at the low 
end of the coal concentrations studied. The coal also 
reduced the amount of anisotropic solids. These results are 
partially explained by the catalytic effect of the clay in the 
coal at 425°C. 

The catalytic effect of clays depends upon the ions present 
on its surface. Cr... and Fe 44-clays, but not the Na-- 
clays commonly found in coals, are effective catalysts for 
Diels-Alder cycloaddition reactions. Inherent clay in 
Athabasca asphaltene catalyzes the formation of insoluble 
materials at 300°C. 

MINERAL REACTIONS INFLUENCE THERMAL 
RECOVERY OF BITUMEN 

The role of mineral reactions in the thermal recovery of 
bitumen was discussed in a paper presented by 
T. Chakrabarty, et al., at the 43rd Annual Technical Meeting 
of the Petroleum Society of CIM. 

At Cold Lake in Northeastern Alberta, Imperial Oil Limited 
is using the cyclic steam stimulation (CSS) process to recover 
bitumen from the oil sands. In one cycle, steam is injected 
into a well and a hot bitumen and water mixture is produced 
from the same well. Each well goes through several cycles of 
injection and production until steam injection becomes un-
economic. 

Cold Lake's production experience prior to the startup of the 
Cold Lake Production Project (CLPP) commercial operation 
was from good reservoirs with thick, clean oil sands with high 
bitumen saturation.

Variable reservoir quality and increased heterogeneities 
were encountered in CLPP. Lower bitumen saturation, top 
gas, top water and bottom water are observed in some reser-
voirs. In addition, there are "complex" reservoirs with valy-
ing amounts of shale interbeds and clasts, which are rela-
tively consolidated and are embedded in the oil sands. 
Production from some of the 'complex" reservoirs has been 
less than satisfactory. 

The study by Chakrabarty, et al. was undertaken to: 

- Determine the cause of the production problems in 
"complex" reservoirs 

- Develop tools to predict bitumen producibility 

Develop remediation and prevention strategies, 
and an effective plan for future development 

One of the observed production problems was a major reduc-
tion in production rate (one-fourth to one-third the normal 
rate observed) following the first cycle steam injection. Ac-
cording to Chakrabarty, et al., steam injection apparently 
had caused damage in the reservoir. The steaming of these 
reservoirs triggers reactions between aluminosilicates 
(feldspar and kaolinite) and carbonates (siderite, calcite, and 
dolomite) in the clasts, which generate swelling clays 
(smectites), that can damage the formation. Mother 
product of the reactions is CO 2, which may lead to near- 
weilbore calcium carbonate (calcite) scaling. 

The permeability reduction due to calcite precipitation was 
determined for extracted Cold Lake sand. Calcite precipita-
tion was negligible at room temperature. At elevated tem-
perature (1000C), the permeability was reduced significantly. 
The authors believe this to be due to higher calcite precipita-
tion rate at 100°C temperature and also due to lower 
solubility of calcite at elevated temperature. 

Chakrabarty, et al., found that the field bitumen production 
for some wells is inversely correlated with the carbonate con-
tent of clasts. In addition, the field bitumen production for 
the same wells is also inversely correlated with the amount of 
CO2 generated by mineral reactions. 

The generated CO  can dissolve calcite and lead to calcite 
scaling in the near-wellbore region. Wells generating higher 
CO2 also generate higher amounts of clays. 

According to the authors, delineation of "complex" reservoirs 
is important to reduce the risk of investment in a poor 
quality reservoir, to develop a suitable 
perforation/reperforation strategy, and to select the ap-
propriate prevention and remediation methods for these 
reservoirs. 

A combination of core analysis and well logs appears to be 
the best approach for describing the "complex" reservoirs. 
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Core analysis for identifying iron-bearing minerals is useful 
for assessing reservoir quality and for well log calibration. 
Results from core analysis can be combined with the correla-
tion between field bitumen production and carbonate con-
tent in cores to assess the bitumen producibility of a well. 

The current well logs (gamma ray, SP, and three resistivity 
logs) at Cold Lake are not sufficient for "complex" reservoir 
description. However, photoelectric absorption (Fe) logs 
can be used to identify reactive mineral-rich zones in each 
well, according to the authors. Fe's are inversely correlated 
with the field bitumen production from these wells. 

In order to develop a damage remediation and prevention 
strategy, it is important to determine how extensive the 
damage is and to determine if the damage is due to calcite 
scales and/or clays. The diagnostic acidization test il-
lustrated in Figure 1 could help in this regard. 

In addition to stimulating a damaged well by acid, some 
damage prevention approaches have been examined. One 
option is to inhibit the mineral reactions using CO  with 
steam. The extent of inhibition is the highest in a calcite 
clast and lowest in a siderite clast. Unfortunately siderite 
clasts are more common than calcite and dolomite clasts in 
"complex" reservoirs, and appear to be the most reactive.

FIGURE 1 
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Another option in preventing damage is to change • the 
operating strategy of CSS, i.e., reduction of steam injection 
rate and/or of fluid production rate, and reduction of steam 
temperature. 
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INTERNATIONAL 

EOR REPORTS INTERNATIONAL SUCCESS WITH 
DOWNHOLE ELECTRICAL HEATING SYSTEM 

Electromagnetic Oil Recovery, Inc. (EOR, formerly ORS 
Corporation) has reported on the status of several company 
projects around the world involving their downhole electrical 
heating system. 

Oman 

EOR engineers returned to Oman in the spring of 1992 to 
complete the installation of the power delivery system and 
power conditioning unit for the EM reservoir stimulation sys-
tem for Petroleum Development Oman's (PDO) Amal East-
ern High Field well. However, during the installation 
process it was discovered that the fiberglass/steel electrode 
liner assembly previously installed in November 1991 had 
failed and it had to be removed from the well. The failure 
was apparently caused by over-torquing a fiberglass section 
of the liner on the rig floor during installation, which then 
failed later as it hung in the open hole and dropped to the 
bottom of the well. After extensive investigation by EOR 
into alternative designs and suppliers, fiberglass prototypes 
have been built by a new supplier, and these prototypes are 
undergoing testing by an independent laboratory. PDO's 
schedule called for resuming the installation and startup 
process in late September 1992. 

Venezuela 

All equipment has arrived in Venezuela for the company's 
two well contract in the Jobo Field with Lagoven. Both wells 
have been drilled and an electrode liner assembly was in-
stalled in the first well in late July 1992 and in the second 
well in mid-August 1992. Installation of the power delivery 
systems scheduled for mid-September 1992, have been 
delayed due to substantial damage during shipment from 
Canada to Venezuela. 

United States - Utah 

The company's tubing heating system was installed in 
December 1991 for GHP Corporation in one of its wells 
producing from the Green River Formation in Utah. 
Results have been satisfactory, and GHP has ordered two 
additional systems for installation in the same field. Reser-
voir heating equipment was installed in one well for Coors 
Energy and startup of the system occurred in early May 1992. 
Since that time, with the exception of a brief shutdown to 
repair some minor cable damage, LOR's reservoir heating 
system has functioned well. However, to date, there has not 
been any significant increase in production rates.

Brazil 

The company's electromagnetic well stimulation process was 
installed on four new wells in the Rio Panon field for 
Petrobras in November 1991. These wells have reported 
production increases varying from 30 to 200 percent and con-
tinued production increases are being experienced. 

Indonesia 

The company's agent in Indonesia is in the final stages of 
negotiation regarding a tubing heating system pilot test with 
Pertamina. 

Canada 

The low prices for Canadian heavy oil persisted into the last 
spring of 1992 with the result that every active project that 
had been developed by EOR was placed on hold. Since 
then, Canadian heavy oil prices have recovered, and some 
resumption of activity among heavy oil producers is starting 
to take place. The heavy oil price recovery has apparently 
occurred because of the start of operations of two heavy oil 
upgraders in the region—the Husky Bi-Provincial plant in 
Lloydminster and the Conoco facility in Billings, Montana. 
Both these plants began purchasing heavy oil for their opera-
tions in late spring. EOR is now engaged in talks with two 
Canadian clients regarding a reactivation of their projects. 

flit 

CHINESE HEAVY OIL PROSPECTS REVIEWED 

China is rich in heavy oil resources. The discovered reser-
voirs are scattered, complex and have different characteris-
tics. In 1990, heavy oil production reached 733 million tons 
by thermal recovery. The production target for 1995 is 
9 million tons. 

An overview of the current state of Chinese heavy oil 
development was presented by C. Thou of the China Na-
tional Petroleum Company at the International Symposium 
on Heavy Oil and Residue Upgrading and Utilization held in 
Fushun, Liaoning, China in May. 

Chinese heavy oils are classified in three categories: heavy 
oil, special-heavy oil and extra-heavy oil (bitumen). To date, 
only the heavy oils and special-heavy oils have been 
produced.
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Status of Heavy Oil Development 

In the middle and early 19704 water flooding was used to 
produce normal heavy oil in Go Dan, Yang Sanmu, as well 
as the No. 6 District of the Karamay oil field. In the early 
1980s, heavy oil development increased rapidly. 

Currently, normal heavy oil production by water flooding 
amounts to 13 million tons annually, or about 10 percent of 
the nation's total output. In the last 5 or 6 years, progress 
has been made in heavy oil production by thermal methods. 
By 1990, heavy oil production by steam injection reached 
733 million tons which is 7.5 times that produced in 1985. 

In 1990, there were 135 steam generators that generate 
about 13.4 million tons of steam yearly. As a result, more 
than 10 million tons of steam has been injected into wells. 
China has established four industry-scale heavy oil producing 
bases: Liao He, Xin Jing, Sheng Li and He Nan. Three 
heavy oil refineries were set up in Liao He, Sheng Li and 
Xin Jing. 

More than 20 reservoirs have been put into production by 
steam stimulation, with an annual production capacity of 
8.2 million tons of heavy oil. 

More than 8 million tons of hot heavy oil was produced in 
1991, which is about 6 percent of total oil production for the 
nation. (See Figure 1). 

Chinese engineers have established 10 technologies for heavy 
oil recovery. These technologies include: 

- Oil field production geology and reservoir engineer-
ing 

- Physical and numerical simulation techniques and 
steam injection 

- Cluster and slant well drilling and formation 
damage protection techniques 

- Thermal well completion techniques such as pre-
stress casing completion, and open hole/inner 
casing wire-wrap gravel pack techniques 

Weilbore heat insulation techniques 

Artificial lining techniques for large, heavy-duty 
pumping units, and high strength rod systems 

- Optimum steam injection techniques 

Surface engineering technology such as injection 
system metering, distribution, and wellltead heat 
compensation

FIGURE 1 
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Heavy oil gathering, metering, dehydrating, and 
wastewater disposal 

Thermal equipment such as steam generators, heat 
insulation tubing, thermal packers, wire-wrap 
screen pipes, high temperature thermal wellheads, 
wellhead thermal compensators, etc. 

The China National Petroleum Company (CNPC) is now 
trying to develop techniques to produce special-heavy oil and 
bitumen. In the last few years, new heavy crude reserves 
have been discovered in some new areas. However, several 
hundred million tons of proved reserves of special-heavy oil 
and bitumen have been left undeveloped in the major heavy 
oil producing areas in the Liao He and Xin Jiang oil fields. 

Thou says that the speed and scope of development will be 
restricted by economic considerations and techniques. The 
CNPC has adopted a strategy to promote stable growth of 
heavy oil production. 

The Chinese intend to improve on steam stimulation technol-
ogy and carry out further steam drive pilot tests. They will 
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continue to work on techniques for special-heavy oil and 
bitumen recovery, beginning with feasibility research on 
horizontal well techniques for recovery of bitumen. 

ENERGY GROUP 5FF UP BY CANADA AND 
VENEZUELA 

Venezuela's Ambassador to Canada, V. Gessen, has an-
nounced the formation of a Canadian-Venezuelan energy 
commission based in Ottawa, Ontario, Canada. The commis-
sion will facilitate the exchange of information regarding ex-
ploitation of heavy crude oil. 

Both countries have sizeable reserves of heavy crudes and 
the commission will look at policies to be followed in the oil 
market and the possibility of merging technologies. A 
second meeting is scheduled to be held next year in Caracas, 
Venezuela.

JAPANESE FIRMS SIGN ACCORD FOR ORINOCO 
DEVELOPMENT 

Two Japanese companies, C Itoh and the Marubeni Corpora-
tion, have signed a letter of intent with Petroleos de 
Venezuela to jointly study the possibility of establishing a 
long-term strategic association, aimed at developing and im-
proving heavy and extra heavy crudes in the Orinoco oil belt 
in Eastern Venezuela. 

The companies will set up joint working teams to determine 
the technical, operational and economic viability of the 
project. Under consideration is a $2.5 billion project, 
designed to produce 100,000 barrels per day of crude by 
around the turn of the century. 

nfl 
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RESOURCE 

CANADIAN PETROLEUM ASSOCIATION REVISES 
MINING AND IN SITU RESERVES ESTIMATES 

The Reserves Committee of the Canadian Petroleum As-
sedation in its annual estimate of Canada's hydrocarbon 
reserves, reported further decreases in both conventional 
crude oil and marketable natural gas. 

Conventional crude oil reserves in producing areas declined 
6.7 percent to 4.1 billion barrels, replacing only 32.4 percent 
of 1991 production (Table 1). British Columbia and the 
Mainland Territories were the only regions to replace their 
oil production. Alberta additions were equal to only 
22.7 percent of 1991 production.

Light-oil reserves in producing regions fell by 8.4 percent in 
1991 to 3.5 billion barrels. By contrast, heavy oil increased 
by 3.5 percent to 0.6 billion barrels, and now represents 
15 percent of total reserves. 

Developed reserves for the Syncrude and Suncor synthetic 
oil sands plants increased by 43 million barrels to 2.0 billion 
barrels as a result of increased production capacity (Table 2). 
Reserves for developed in situ bitumen projects decreased 
due to downward revisions for several projects combined 
with production.

TABLE 2 

DEVELOPED NON-CONVENTIONAL 
TABLE 1 RESERVES IN CANADA 

(Thousand Barrels) 
CRUDE OIL & EQUIVALENT RESERVES 

(Year End 1991)
Remaining Net Change 
Reserves at in Reserves 

Million % Change 12/31/1991 During 1991 
Barrels 1991 to 1992

Developed Synthetic 
Crude Oil Crude Oil 

Producing Fields 	 4,082 -6.7 Alberta	 2,018,182 43,247 
Frontier Areas	 1,212 0.0 

Subtotal	 5,294 53 Developed Bitumen 
Pentanes Plus	 876 4.8 Alberta	 1,033,980 -64,603 
Dev. Synthetic (mining)	 2,018 2.2 
Dew. Bitumen (in-situ) 	 1,034 -5.9  

Grand Total	 9,222 -2.9 ##fl
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OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the 42nd Canadian Chemical Engineering Conference held in Toronto, Ontario, Canada 
October 18-21: 

Bailey, R., "Coprocessing of Coal and Heavy Oil in Alberta" 

Curtis, C.W., et al., "Hydrogen Transfer from Cycloalkanes, Cyclic Olefins and Birch-Reduced Resids in Coprocessing" 

Ferworn, LA., et al., "An Experimental Investigation of Asphaltene Flocculation/Precipitation in Bitumens" 

Crickmore, PJ., "Feedforward Control of the Extraction of Bitumen from Oil Sands" 

The following papers were presented at the 204th American Chemical Society National Meeting held in Washington, D.C. 
August 23-28: 

Hayashi, J., et al., "Formation of Polycydic Aromatic Hydrocarbons and Elimination of Aliphatic Substituents in Secondary 
Reaction of Hash Pyrolysis Tar" 

Wang, S.L., et al., "An Investigation of Hydrogen Transfer in Coprocessing Using Models and Reduced Resids" 

Fu, Y.C., et al., "Coal/Oil Coprocessing Using Syngas: Reactivity of Cycloalkanes as the Solvent" 

Landau, R.N., et al., "Hydrocracking of Heavy Oils: Development of Structure/Reactivity Correlations for Kinetics" 

Yasar, M., et al., "Asphaltene and Resid Pyrolysis 2: The Effect of Reaction Environment on Pathways and Selectivities" 

The following papers were presented at Confab 92 Conference held in Winter Park, Colorado August 3-7: 

Hupka, J., et al., "Moderate Temperature Water-Based Processing of Utah Tar Sands" 

Deo, M.D., et al., "The Effect of Cosolubilizing Lighter Components on the Asphaltene Content of Heavy Oils" 

Gulley, F.D., et al., "Model Compound Studies of Pyrolysis in the ROPE Process" 

Longstaff, D., et al., "Hydrotreating Whiterocks Bitumen and Whiterocks Bitumen-Derived Liquid" 

Kwak, S., et al., "Kinetics of Hydrotreating of a Bitumen-Derived Hydrocarbon Liquid" 

Deshpande, D.A., et al., "Determination of Physical Properties of Bitumen Fractions" 

Fletcher, J.V., et al., "Fluidization of Group B Sands at Reduced Pressure" 

Tsai, C.H., "Utilization of Whiterocks (Utah) Oil Sand Bitumen and Bitumen-Derived Liquid" 

Tort, F., et al., "Evolution Mechanisms of L.C.O. Gas-Oils During Storage and Chemical Modeling of Asphalt Aging" 

The following papers were presented at the 1992 Eastern Oil Shale Symposium held in Lexington, Kentucky November 17-20: 

Dec, M.D., et al., "Environmental Considerations Related to Mining-Surface-Recovery of Uinta Basin Tar Sand Bitumens" 

Den, M.D., et al., "Asphaltene Rejection from Bitumens Via Supercritical Fluid Extraction" 

Amir, B., et al., "Heavy Oil—Oxygenate Blends and Viscosity Models"
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Erdein-Snntalar, A., a al. troljsis STUItSI L%nka with	 ft12tTh' 

U9J... J., a at, 'Wtmnn. Release Mc Tar Sand During 'c' Di.n" 

&ridknd, TA, a at, "Houtal Wells Fiiuvitk La. ccc4 injectivity in Hy Cd Pnl.. .4 Ra-n.y Fh%IUSC 

Sdnivaw, NS., a at, "Mednninn of Coke Formation fran Athabasca 	 __ 

tnargttulT D.C., a at, dntc&is, the Native 1nnw. from the Whitauds Tar Sand Dqxwit 

twak, S., of at, "llpb vii cdtJ% Fr.aca. KineticS 1w Wi.n.-n and BitultivS 1 

Dabpande, D., a at, 'StalSown M'Iluec-I'base EbulS Bed Reactors for Pannn. 1.Luiicislicgff' 

Nettaville, DDJ., "A Turbulent Diffusion Mat for Resideaw T ime, DSsunitun of Oil, Water and SItS In a 
Coiiiimwus-Feed Oil Sand Slurry Tnnthb. 

Deo, MD., a at, "Oil Sand Pyrolysis In a Fhthhzed Bed Rcatcc Proczs Moe' 

Sender, JD, a at, *Operational Onranerinic of a Finithnt Bed 1w Ras...ai.%	 from Tar Sand" 

Bather, iv., a at, 'Fluidized Bed Pyrolysis SBituzncn-lmpicgnated St,gtu.w at SabAimospbezic CmSiswn" 

Dave, N., a at, "Kinaia of Cracking and Coking of Recycled Heavy Oil' 

Tsar, Cii., a at, "Reaction Pathways in the Bitnni -1rolyt-Hytotreating Sapience as Revealed by High Resthnim 
GC-MS - 

Drelith, 3., a at, "Surfacrflntafathl Tension it the Whitaods Bitumen and its Rebiim—I.p to Tar Sand Pioccst( 

Minn, Pt, a at, tlmnaauzarion of Equilibrium Moisture fl,aA in Different Tar Sands and Extracted Wtmnn.c" 

Rose, P.R. a at, thaiaaaizasn of USa Bat Tar Sand Bitumein" 

Bukka, K., a at, "The in!hicna of Carbinylic Arid Content on Bitumen Visaithy" 

Hupka, 3., a at, 'Further Developments in the Water-Based Recovery of Utah Tar Sande 

Chenguang, l, a at, "Hydrocracking of Gudao Ra'deb,. with Dispersed-Phase MO Cata1y' 

The following articles appeared in Enenv 4 Fuels Volume 6 Number 6; 

Sat, Y., a al., "fluid Catalytic Cracking of Alberta Tar Sand Bitumen" 

Green, J.B., a at, "Microcarbon Residue Yield and Heteroatom Partitioning Between Volatiles and Solids for Whole 
Vacuum Rcsids and Their Liquid Chromatographic Fractions" 

The following articles appeared in Tim Journal of Canadian Petroleum Technolo gy Volume 31, Number & 

Yang, 6., at at, "Effects of Reservoir Heterogeneities on Heavy Oil Recovery by &eamAated Gravity Drainage 

Islanr, Mit, a at, "Hot Gas and Wainflood Eçzivalaice of in Situ Combustion" 

The following articles appeared in ]k Journal of Canadian Petroleum Technolo gy Volume 31, Number 9 

Sataji, A., a at, "Coupling of a Fracture Mechanics Model and a Thermal Reservoir Simulator for Tar Sands' 
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Mehrota, A.K., "An Optimization Study for a Steam-Foam Drive Process in the Bodo Reservoir, Alberta" 

Gilhies, R.G., et aL, "Emulsions for Short Distance Transportation of Heavy Crude Oil: Pipeloop Test Results" 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since September 1992) 

ASPHALT FROM TAR SANDS - James W. Bunger and Associates, Inc. (F-5) 

J. W. Bunger and Associates, Inc. (JWBA) is developing a project for commercialization of Utah Tar Sands. The product of the 
initial venture will be asphalts and high value commodity products. The project contemplates a surface mine and water extraction 
of bitumen followed 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 1990, JWBA completed a $550,000 R&D program for development of technology and assessment of markets, resources and 
economics for asphalt production. 

Under this program funded by the U.S. DOE SBIR program, a 100-300 pound per hour PDU was designed and constructed. The 
unit has been operated to determine the effect of process variables and kinetic parameters. Recoveries of greater than 97 percent 
have been experienced. The unit has been operated to produce gallon quantities of asphalt for testing and inspection. A field 
demonstration unit of 200 barrels per day has been designed and costed. Results show a strong potential for profitability at 1990 
prices and costs. 

All candidate sites in the Uinta Basin of Utah are currently under consideration for development including Asphalt Ridge, P.R. 
Spring. Sunnyside and White Rocks. Unknown resource quality tends to increase required investment hurdle rates, however, and 
these factors must be offset by higher product prices. In 1990 JWBA initiated a program for value-added research to extract high 
value commodity and specialty products from tar sand bitumen. This program was initiated with an additional S50,000 in funding 
from DOE 

The commercialization plan calls for completion of research in 1992, construction and operation of a field demonstration plant by 
1994 and commercial operations by 1996. The schedule is both technically realistic and financially feasible, says JWBA. 

Project Cost: 	 Research and Development: $13 million 
Demonstration project: $10 million 
Commercial Facility: $135 million 

BI-PROVINCIAL UPGRADER - Husky Oil Operations Ltd. (26.7%). Government of Canada (31.70/.), Province of Alberta (24.2%). 
Providence of Saskatchewan (173%) (T-10) 

Husky Oil has built a heavy oil upgrader located near the Alberta/Saskatchewan border at Wilton, near Lloydminster, Sas-
katchewan. The facility is designed to process 46,000 barrels per day of heavy oil and bitumen from the Uoydminster and Cold 
Lake deposits. The primary upgrading technology used at the upgrader is H-Oil ebullated bed hydrocracking followed by delayed 
coking of the hydrocracker residual. The output is 46,000 barrels per day of high quality synthetic crude oil, as well as 400 tonnes 
per day of coke and 235 tonnes per day of molten sulfur. 

In September, 1988, Husky and the governments of Canada, Alberta and Saskatchewan, signed a binding joint venture agreement 
to finance and build the li-Provincial Upgrader. In 1991, the project experienced a cost overrun of $175 million. In 1992, the 
project partners were asked to cover another cost overrun of $190 million. The Government of Saskatchewan refused to help fund 
the last overrun and wants to sell part of its share of the project. 

The project was completed in the early fall of 1992. 

Production costs were ori ginally estimated at $30 ocr barrel but the y have been reduced to $15 per barrel. Husky is expecting to 
reduce that to $7 per barrel over the next several years. 

The proiect includes a crude oil unit, hydrocracker reaction unit, fractionation unit, delayed coking unit, naphtha-iet hydrotreater, 
gas-oil hydmtreater, hydrogen plant, gas-recovery unit and sulfur-recovery unit. 

Project Cat:	 Upgrader Facility estimated at C$1.6 billion 

BITUMOUNT PROJECT - SoIv-Ex Corp. (T-20) 

The Solv-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. 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the pilot plant tailings (after bitumen extraction) showed that these minerals are readily recoverable. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September *992) 

COMMERCIAL PROJECTS (Continued) 

A Sotv-Ex pilot plant, located in Albuquerque, New Mexico, can process up to 72 tons of oil sands per day. It can also produce up 
to 25 barrels of bitumen per day, depending on the grade of oil sands processed. The quantity of bitumen recoverable from tar 
sands depends on its bitumen content, which typically ranges from 4 to 12 percent. 

In an 8-month test program, Solv-Ex processed approximately 1,000 tons of Athabasca tar sands material in process runs of low 
(6 percent of bitumen), avenge (8 to 10 percent), and high (12 to 14 percent) grade oil sands through the pilot plant. The test 
material was procured from a pit centrally located in the oil sands deposit on which the Bitumount Lease is located. Average per-
centage of bitumen recovered for the low, avenge and high grade sands were 75,90 and 95 percent, respectively. 

In February, 1989, a viable processing flowsheet was finalized which not only recovers the originally targeted gold, silver and 
titanium values but also the alumina values contained in the resource. Synthetic crude oil would represent about 25 percent of the 
potential mineral values recoverable from the Bitumount Lease. 

The results of this work indicate that the first module could be a singie-tnin 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 tease are estimated at 
1.4 billion barrels. 

Solv-Ex is looking for potential financial partners to expand the project. The company plans to construct a modular Lease Evalua-
tion Unit in Alberta at an estimated cost of $12 million. 

BURN!' LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (T-30) 

The Burnt Lake in situ heavy oil project is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will avenge 12,500 barrels per day. 

According to the companies, the Burnt Lake project is a milestone because it will be the first commercial development of these 
heavy oil resources on the Primrose Range. This will require close cooperation with Canada's military. 

The multi-phase Burnt Lake project, which was proposed to use cyclic steaming, was put on hold in 1986 due to low oil prices, then 
revived in 1987. The project was again halted in early 1989. By then, 44 wells in two clusters and 7 delineation wells had been 
drilled and cased. 

A pilot was initiated at these wells in 1990 to test the cold flow production technique whereby the bitumen is produced together 
with some sand using a progressive cavity pump. Initial results were encouraging. Since then, twelve wells have been put on 
production. Earl y production rates of 30 cubic meters per day per well have been achieved but the expected value is 17 cubic 
meters per day. The productivity in some wells appears to be limited by the capacity of the pumps. The pilot will be continued to 
obtain long term results. 

If successful, the cold flow production process may replace the cyclic steam stimulation process for commercial development 

Burnt Lake is estimated to contain over 300 million barrels of recoverable heavy oil. 

COLD LAKE PROJECT - Imperial Oil Resources Limited (F-SO) 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. (now Im-
perial Oil Resources Limited) approval to proceed with construction of the lust two phases of commercial development on Esso's 
oil sands leases at Cold Lake. Subsequent approval for Phases 3 and 4 was granted in June 1984 and for Phases S and 6 in May 
1985. 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen- 
eration plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled. 

Shipments of diluted bitumen from Phases 1 and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases S 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake avenged 60,000 barrels per day. Production in 
early 1988 reached 95,000 barrels per day. A debottlenecking of the first six phases added 19,000 barrels per day in 1988, at a cost 
of $45 million. Production in 1990 averaged 90,000 barrels per day. 

The AERCB approved Imperial's application to add Phases 7 through 10, which could eventually add another 44,000 barrels per 
day.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

All construction was essentially completed in 1988 on the central processing plant and the field facilities for Phases 7 and Sat a cost 
of C$220 million. In December 1990, Im perial announced plans to put Phases 7 and 8 into operation and begin steaming in March 
1991. 

In February 1991, Im perial made a decision to delay the startup of Phases land 8, due to unfavorable market conditions. Condi-
tions improved enou gh in 1992 to allow startup, and in October 1992, Imperial started steaming of Phases 1 and 8 wells. Bitumen 
Production from these wells started in December 1992, and is ex pected to build to 20,000 barrels per day by July 1993. 

Plant facilities for Phases 9 and 10 were completed in tandem with the Phases 1 and S plant. When suitable market opPortunities 
materialize, Imperial will drill the wells to full y utilize this plant capacity, expanding production by a further 20,000 barrels per day. 

Project Cost: 	 Approximately $770 million for first 10 phases. 	 - 

DAPHNE PROJECT - Petro-Canada (F-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 15,000 barrels per day. To date over 350 core holes have been 
drilled at the site to better define the resource. 

Currently, the project has been suspended pending further notice. 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (T-70) 

Texaco placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition in 1985, to be me-
tinted when conditions in the industry dictate.In 1991 the company is initiating steps to re-evaluate the technology needed to 
recover the oil and to evaluate the environmental compliance requirements for a commercial plant. Consideration will be given to 
restarting the Lurgi pilot unit. 	 - 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost: Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of Electromagnetic Oil Recovery, 
Inc. (F-80) 

Electromagnetic Oil Recovery Inc. (EOR), formerly Oil Recovery Systems (ORS) Corporation, through its subsidiary, Uentech 
Corporation, sponsored research and development at the Illinois Institute of Technology Research Institute (IITRI) 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 test 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 Uoydminster 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 OILS 
electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The economic parameters of the operation were within the range ex-
pected, and process energy costs have been demonstrated at around $1/bbl, according to ORS. 

Additional projects under way with fOR, Inc.'s technology include: 

Canada Northwest Energy Ltd. installed an electromagnetic heating system within a well located near Lashburn, Saskatchewan in 
February 1989. Production avenged triple the production rate which existed before installation of the fOR system. Pan Canadian 
Petroleum Co., Ltd. has had a project ongoing since late 1990, with encouraging results for this heavy oil application. In Utah, an 
EOR system was installed in a well owned by GHP Corporation during December 1991. The system was designed to overcome 
production problems associated with an oil containing a large amount of paraffin. Also in Utah, EOR has been contracted by 
Coors Energy company to test the process in a field which experiences production problems associated with paraffinic oil. In 
Wyoming, Marathon Oil Company installed the EOR equipment within a well near Cody, Wyoming in late 1990. EOR was con-
tracted by Shell to provide equipment and services to utilize the technology within a well in the Schoonebeck field of the Nether-
lands. The project resulted in EOR signing a contract for additional work for another Shell affiliate, Petroleum Development 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

Oman. For L.agoven, EOR has been contracted to provide equipment and services for two wells in the Jobo Field of Venezuela, 
with startup scheduled for late summer of 1992. In Indonesia, a project is pending with Pertamina for a deep well which ex-
periences paraffin minted production problems. In Brazil, EOR's project is slowly expanding. Currently four additional wells have 
been equipped with the EOR system with positive results for Petrobras. 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Limited. (T-90) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,680 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. The primary oil sands targets in the area are the Lower Cummings 
and Clearwater sands of the Mannville Group. Additional oil sands potential is indicated in other Mnnnville zones including the 
Colony and the Sparky. 

Oil production from current wells at Amoco's Elk Point field totals 970 cubic meters per day. 

Amoco Canada has several development phases of the Elk Point Project. Phase 1 of the project, which is now complete, involved 
the drilling, construction, and operation of a 13-well Thermal Project (one, totally enclosed S-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 injection into the 13-well project was initiated in July, 1987 with continuous steam injection 
commencing on April 20, 1989. Continuous steam injection was discontinued in May 1990 and the pilot was shut in. 

In February, 1987, Amoco Canada received approval from the Energy Conservation Board to expand the development of sections 
28 and 29. To begin this expansion, Amoco drilled 34 wells in the north half of section 29 in 1987-88, using conventional and slant 
drilling methods. Pad facilities construction occurred in 1988. A further 24 delineation wells were drilled in 1989 and 22 wells were 
drilled in 1990. 

Future drilling at Elk Point is dependent on Phase 2 approval of the project. Phase 2 will continue to focus on primary production 
development and will allow for further infill drilling in the entire project area in all zones within the Mannville group. Some limited 
cyclic steaming is planned in future years. Amoco's application for Phase 2 is continuing through the application review and public 
consultation process in 1992. 

Project Cost:	 Phase I - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited ('T-lOO) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board for Phase I of a proposed 3 phase com-
mercial bitumen recovery project in August 1986. 

The Phase I project involves development of primary and thermal recovery operations in the Lindbergh and Frog Lake sectors 
near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 148 wells were drilled 
by the end of 1990.	 - 

PanCanadian expected Phase I recovery to avenge 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans called for Phase II operations to start up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase III was to go into operation in the late 1990's, and production was to increase to 12,000 barrels per day. 

Experimental steam stimulation (50 cycles) and stcamflood (one pattern) lasted until mid-1990. Results were not encouraging and 
therefore all steaming operations have been canceled. Another steaming process such as SAGD (Steam Assisted Gravity 
Drainage) may be attempted in the future but no plans are currently in place. 

Although steaming has proved unsuccessful, primary production rates and cumulative recoveries are much better than originally 
anticipated. Recoveries as high as 12 to 20 percent on 40-acre and 10-acre spacing are expected utilizing slant wells from pads. 

Current production is 4,500 barrels per day from 90 wells in 13 sections. Operating costs are approximately C$4 per barrel 

Project Cost:	 Phase I = C$62 Million to date
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

FOREST HILL PROJECT - Greenwich Oil Corporation ('F-ito) 

Greenwich Oil Company is developing a project which entails modification of existing, and installation of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a 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 has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The oil production rate 
reached 1,200 barrels per day. 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection was temporarily 
suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion zone and 
to scavenge heat. 

On January 2, 1990, Greenwich successfully implemented its Plan of Reorganization which had been approved by the Court in 
November 1990. Under the terms of an agreement with the United States Treasury, successor to the Synthetic Fuels Corporation, 
the commitment for loan guarantees and price support was terminated. 

January 1992 production was 410 barrels of oil per day. 

Project Cost:	 Estimated $42.5 million 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (17-120) 

Amoco (formerly Dome Petroleum) began a commercial project in the Lindbergh area that would initially cover five sections and 
was planned to be developed at a rate of one section per year for five years. It was to employ "buff-and-puff , steaming of wells 
drilled on 10 acre spacing, and would require capital investment of approximately $158 million (Canadian). The project was ex-
pected to encompass a period of 12 years. Due to the dramatic decline of oil prices, drilling on the first phase of the commercial 
project was halted, and has forced a delay in the proposed commercial thermal development. 

The company has no immediate plans for steaming the wells to increase production because this process is uneconomic at current 
prices. 

The current focus has been development and optimizing of primary production. In 1990, 26 wells on 40-acre spacing were drilled 
for primary production. Again, due to low heavy oil prices, some limited drilling will take place in 1991. Primary production from 
the project is now avenging 6,200 barrels per day. 

Project Cost: 	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (F-130) 

Murphy Oil Company Ltd., has completed construction and startup of a 2,500 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the North Saskatchewan River. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand Rapids 
zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 85,000 centipoise. The 
wells are directionally drilled outward from common pads, reducing the number of surface leases and roads required for the 
project. 

The project was suspended for a year from September 1988 to August 1989 when three wells were steamed. The project returned 
to production on a limited basis in the last quarter of 1989. Initial results have been very encouraging, says Murphy, but an expan-
sion to full capacity depends on heavy oil prices, market assessment, and operating costs. 

Project Cost:	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

NEWGRADE HEAVY OIL UPGRADER - NewOrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government ('1'-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 50,000 barrels per day of crude through the refinery itself. From that, 
30,000 barrels per day of heavy mid bottoms are sent to the Atmospheric Residual Desulfurization unit which performs primary 
upgrading. From there 12,000 barrels per day is being run through the Distillate Hydrotreater which improves the quality of the 
distillate fuel oil streams by adding hydrogen. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Consumers' 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 provided loan guarantees for 
80 percent of the costs as debt. 

NewGrade selected process technology licensed by Union Oil of California for the upgiader. The integrated facility is capable of 
producing a full slate of refined products or alternately 50,000 barrels per day of upgraded crude oil or as will be the initial case, 
some combination of these two scenarios. 

Operations include the processing of 50,000 barrels per day of heavy Saskatchewan crude with approximately 70 percent (35,000 
barrels per day) being converted to a full range of refined petroleum products and the remaining 30 percent (15,000 barrels per 
day) being sold as synthetic crude. 

Operations in 1992 have experienced a heavy crude oil charge ratio of up to 54,000 barrels per day, and the Atmospheric Residual 
Desulfurization (ARDS) unit has had a charge ratio of 32,000 barrels per day. The Distillate Hydrotreater/Hydrocracker routinely 
operates at up to 15,000 barrels per day. 

The plant design capacities are: crude unit, 50,000 barrels per day, ARDS, 30,000 barrels per day, DH, 12,000 barrels per day. 

Project Cost:	 $700 million 

ORIMULSION PROJECT - Petroleos de Venezuela SA (PDVSA) and Veba Oel AG (r445) 

Venezuela's state-owned oil company, Petroleos de Venezuela SA (PDVSA), and Germany's Veba Oct AG plan to develop the 
heavy crude and bitumen reserves in the Orinoco Belt in eastern Venezuela. The two companies conducted a feasibility study to 
construct a facility capable of upgrading 80,000 barrels per day of extra heavy crude. Development plans for the next 5 years call 
for production of 1 million barrels per day. 

About 60 percent of this production would be Orimulsion, a bitumen based boiler fuel. The remainder would be converted to light 
synthetic crude oil. PDVSA can produce and distribute 50,000 barrels of Orimulsion per day. Facilities are under construction that 
will boost production to 100,000 barrels per day in 1992. 

PDVSA has joined forces with Mobil Corporation in 1992 to explore other options for marketing heavy crude in addition to 
Orimulsion. 

In October 1991, the Kashima-Kita Electric Power Corporation of Japan began firing their generators with 700 tons per day of 
Orimulsion. Another Japanese utility, Mitsubishi Kasei Corporation, began working with Orimulsion in February 1992. 

Recently, Venezuela's Ministry of Energy and Mines ordered PDVSA to scale back its program to develop Orimulsion in order to 
focus current efforts on light and medium crude. 

Project Cost:	 $23 billion 

OSLO PROJECT - Esso Resources (25 percent), Canadian Occidental (20 percent),, Gulf Canada (20 percent), Petro-Canada 
(15 percent), PanCanadian Petroleum (10 percent), Alberta Oil Sands Equity (10 percent). (T-150) 

The OSLO joint venture was to be an 80,000 barrel per day oil sands mine and extraction plant 60 kilometers north of Fort 
McMurray, and an upgrader situated about 7 kilometers south of Redwater, near Edmonton. Production was scheduled to begin in 
1996.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes sInce September 1992) 

COMMERCIAL PROJECTS (Continued) 

On February 20, 1990 the Canadian federal government announced the withdrawal of its previous commitment to finance 
$1.6 billion of the $43 billion project. To the end of 1989, 175 million had been spent on project studies. In mid-1990, however, the 
Alberta government pledged to provide $47 million to complete the engineering phase. Alberta's contribution represented 
36 percent of the estimated $130 million total cost for the engineering phase. The Canadian federal government contributed about 
$455 million, 35 percent of the total, for the engineering phase. The OSLO consortium funded the rest. 

The engineering phase was completed by the end of 1991. Engineering work was focused on the Edmonton-area upgrader to be 
linked directly to OSLO's Fort McMurray bitumen production via pipeline. The pipeline is planned to be open to other operators 
to move their product. A second pipeline would return the diluent to the bitumen production facility. 

If built, the project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, 
the bitumen would be extracted from the sand by warm water and chemicals and sent to the upgrader by pipeline. There, it would 
be converted into synthetic crude oil with properties similar to conventional light crude oil—suitable as feedstock for Canadian 
refineries. OSLO has selected the high-conversion Veba Combi Cracking process for upgrading. 

According to OSLO, the OSLO reserves are large enough that a project could produce 200,000 barrels of synthetic crude oil per 
day for almost 50 years. 

In early 1992 the OSLO partners decided that they could go no further with the project without government support. When the 
final work on technical design and environmental assessment was completed, the OSLO offices in Calgary, Alberta were be closed. 
The project will not be built until economic conditions improve. 

Project Cost: $43 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (17-160) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an avenge production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at a cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen produc-
tion, plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The 
commercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant 
for generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted is diluted and marketed as a blended heavy oil. The diluted bitumen is transported by pipeline to the northern 
tier refineries in the United States and the Canadian west coast for asphalt production. 

An application to the Energy Resources Conservation Board received approval in early November 1984. Drilling began in 
February 1985. Construction began June 1985. The expansion was on stream October 1986. 

In 1989 production was increased to the design capacity of 1,600 cubic meters of oil per day. The Peace River complex completed 
its first full year of operating at capacity in 1990. Its 10 millionth barrel of bitumen was produced in March. Through a combina-
tion of increased bitumen production and reduced energy requirements, the unit bitumen production cost has been reduced to 
30 percent of that averaged during the first full year of operation. The operation is producing about 10,000 barrels per day of 
bitumen. Ultimate recovery is projected at 55 percent of the bitumen in place. 	 - 

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, lo-
cated about 4 km south of PREP I. PREP II would be developed in four annual construction stages, each capable of producing 
1,600 cubic meters per day. However, due to low world oil prices and continual uncertainty along with the lack of improved fiscal 
terms the expansion project has been postponed indefinitely. Some preparatory site work was completed in 1988 consisting of the 
main access road and drilling pads for PREP II. The ERCB approval for PREP II was allowed to lapse, however, in 
December 1990. Continued world oil price uncertainty contributed largely to the decision not to seek an expansion. 

Project Cost:	 $200 million for PREP I 
$570 million for PREP II
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (17-170) 

Amoco (formerly Dome) proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. 
Amoco is earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, 
the company undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby 
earned an interest in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 de-
grees API oil in 1984. 

The agreement with Alberta Energy allows Amoco to earn an interest in an additional 194,280 acres of adjoining oil sands lands 
through development of a commercial production project. The project is estimated to carry a capital cost of at least $0.2 billion 
and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil or 18.6 percent 
of the oil originally in place in the project area. Each section will contain four 26-well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Athena 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 6,500 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 drilling a horizontal well. In 1990 Amoco announced it would drill 
two more wells to assist in engineering design work. Six hundred thousand dollars was planned to be spent on this effort in 1990. 

A new steam injection heavy oil pilot was placed in production in early 1991. By the end of 1991, AEC expected to be testing more 
than 80 wells using various techniques, including a cold technique which employs specialized pumps. 

In 1991, ERCU gave approval for seven horizontal wells to maximize bitumen recovery under a steam stimulation/gravity drainage 
process. 

AEC expects its share of Primrose heavy oil production to grow to about 10,000 barrels per day over the next 5 years and double by 
the late 1990s. 

Using a newly developed cold production technique, four wells have been producing for more than a year at rates averaging 
140 barrels per day per well. This technique significantly reduces capital and operating costs as compared to steam injection tech-
niques. Further testing of this technology continues in 1992. 

AEC estimates that cold production technology could yield 6,000 barrels per day by 1993, with a planned expansion to 
12,500 barrels per day in 1995. 

Project Cat:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORD SYNTI-IE'IlC CRUDE REFINERY - Shell Canada Limited (-180) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity was 50,OW 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 teed a 300,000 tonne/year styrene plant. 
The refinery and petrochemical plant officially opened September 1984. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants 

SUNCOR, INC., OIL SANDS GROUP - Sun Company, Inc. (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly 
(2.2 percent) (F-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 Succor Inc. 

Suncor Inc. operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of Fort 
McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, overburden 
is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. Third, 
hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are dcsulfurized and blended to form high-quality synthetic crude 
oil which is shipped to Edmonton for distribution. 

In November 1991, Suncor applied to the ERCB to increase primary bitumen production as much as 2,000 cubic meters per day. 
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After December 31, 1991, 
operating and capital costs. 

Sun Company, Inc. announced in early 1992 its intention along with partner Ontario Energy Corporation (OEC) to sell up to 
45 percent interest in Suncor. Sun intends to reduce its 75 percent share toss percent and OEC would sell its entire 25 percent in-
terest in Suncor. 

The plant achieved record production levels in the first quarter of 1992, averaging 64,200 barrels per day, or about 250,000 barrels 
above the same period last year. Cash operating costs remained at 1991 levels of $14.25 per barrel. 

Amoco Corporation is studying 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 study was completed in September 1986; additional field work was completed in 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. Amoco continued due diligence efforts in the field in 1988. This work 
includes a tar sand coring program to better define the resource in the Combined Hydrocarbon Lease. 

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. The pilot demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen 
as mined to a 30 to 40 percent richness.



STATUS OF OIL SANDS PROJECT'S (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

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 (CSMRJ) in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 
5 percent ash and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and found it to be 
simpler and cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston, Texas and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today GNC 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. 

GNC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, GNC requested loan and price guarantees of $452,419,000. On 
November 19, 1985 the SEC determined that the project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the SEC was canceled by Congressional action before giving any financial assistance to the project. ONC is 
now attempting to finance independently of United States government assistance. Studies have been completed by M. W. Kellogg 
and Engelhard indicating feasibility, after the decline in prices beginning in January 1986, of a 7,500 barrels per day plant which 
converts the ART-treated bitumen to 31 percent gasoline and 69 percent diesel. The 7,500 barrels per day plant including upgrad-
ing to products, with some used equipment, would cost $149 million. 

As of 1992, (iNC is still looking for financial partners, however, little progress has been made since the 1980's 

Project Cat:	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (F-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 removed and the gas is burned in a gas turbine 
to produce electricity. The hot exhaust gases are then used to make steam and t4generated electricity. Testing indicates that the 
hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 

The plant would be built at Sunnyside, Utah, near the City of Price. 

There is a restive of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been filed by Synco with the Utah Division of State Lands for an industrial special use lease containing the en-
tire Section 36 of State land bordering the town of Sunnyside, Utah. Synco holds process patents in the U.S., Canada and 
Venezuela and is looking for a company to joint venture with on this project. 

Project Cost: $350 million 

SYNCRUDE CANADA, LTD. - Esso Resources Canada (25.0%); Petro-Canada Inc. (12.0%); Alberta Oil Sands Equity (16.749o); Al-
berta Energy Company (10.0%); PanCanadian Petroleum Limited (10.0%); Gulf Canada Resources Ltd. (9.03%); Canadian Occidental 
Petroleum Ltd. (7.23%); HBOG - Oil Sands Ltd. Partnership (Amoco Canada Petroleum Company Ltd.) (5.0%); Mitsubishi Oil Com-
pany (5.0%) (r.230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 165, barrels per calendar day. The 
original plant with a capacity of 108,000 barrels was based upon: oil sand mining and ore delivery with four dragline-bucketwheel 
reclaimer-conveyor systems; oil extraction with hot water flotation of the on followed by dilution centrifuging; and upgrading by 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

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 L-C Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

In 1990 production operating costs were about C$16 per barrel. Syncrude Canada Ltd. produced 11 percent of Canada's crude oil 
requirements in 1990. 

In 1992, Syncrude announced that it is seekin g approval from the Alberta Energy Resources Board (ERCB) to increase output by 
28 percent. In addition, Syncn'de is planning a C$4 billion, expansion of its oil sands operation. 

Syncrude is requesting five amendments to its current ERCB approval: 

An annual production increase to 217.000 barrels per day of marketable hydrocarbon for the existing plant 

An extension to December 31. 1997 to be gin construction of new facilities that would allow production to be 
icreased to 258.000 barrels per day 

An extension of Syncrude's production period to December 31. 2025 

The ability to process bitumen from off-lease sites and to shin bitumen from Mildred Lake to other processing 
operations 

The ability to use new technology, developed by Syncrude. for future mining and reclamation Plans 

Project Cost:	 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 and drilled over 34,000 feet of horizontal boreholes up to 2,000 feet long through the reservoir. The original 
drilling pattern was planned to allow the borehole to wander up and down through the producing interval in a 'snake' pattern. 
However, only straight upward slanting holes are being drilled. Three Star estimates the Upper Siggins still contains some 35 mil-
lion barrels of oil across the field. 

The initial plans call for drilling one to four levels of horizontal boreholes. The Upper Siggins presently has 34 horizontal wells 
which compose the 34,000 feet of drilling. 

Sixty percent of the horizontal drilling was completed by late 1990. Production was put on hold pending an administrative hearing 
to determine whether the mine is to be classified as gaseous or non-gaseous. The project was later classified as a gaseous mine due 
to the fact that the shaft penetrated the oil reservoir. As a result of the ruling, Three Star then drilled a verticle well to the under-
ground sump room and began producing the mine conventionally with all the horizontals open. In 1992, Three Star will begin 
reworking the surface wells for injection purposes in order to pressure up the Upper Siggins. 

Project Cost: Three Star budgeted $33 million for the first shaft 

WOLF LAKE PROJECT - Amoco Canada Petroleum (T-260) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the huff-and-
puff method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled. 

An estimated 720 wells will be needed over the expected 25-year life of the project. Because the site consists mostly of muskeg, the 
wells will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and viscous (10 degrees API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir, 
however, production had increased to 1,030 cubic meters per day in 1989 and 1,147 cubic meters per day in 1990. Continuing the 
trend, 1991 will we an avenge production rate of 1,167 cubic meters per day.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

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 originally expected to be completed in mid-1989. 

In early 1989, BP Canada and Petro-Canada delayed by 1 year the decision to start up the second phase. While the Wolf Lake 2 
plant was commissioned in 1990 full capacity utilization of the combined project is not likely before the late 1990s when it is ex-
pected that higher bitumen prices will support the expanded operation and further development. 

The new water recycle facilities and the Wolf Lake 2 generators are operational. Production levels will be maintained at 600 to 700 
cubic meters per day until bitumen netbacks have improved. The Wolf Lake 2 oil processing plant and Wolf Lake I steam genera-
ting facilities have been suspended. 

In September 1989, Wolf Lake production costs were reported to be almost fl22 per barrel, while bitumen prices fell to a low of 
C$8.19 per barrel in 1988. BP initiated a program to reduce Wolf Lake costs, which included laying off 120 workers, making im-
provements in process efficiency, and operating the plant at about 50 percent of capacity. These economic measures cut operating 
costs to C$10 to 12 per barrel. 

In 1991, Wolf Lake production costs were less than $9 per barrel, and bitumen production averaged 4,225 barrels a day. 

In early 1992, BP Canada and Petro-Canada sold their entire interests in the project to Amoco Canada Petroleum. No price was 
disclosed but both companies have written off their total $370 million investment in the project. 

Project Cost:	 Wolf Lake 1
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (T-265) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productiye formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 mKm. Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. In 15 years, 10 million tons of steam have been in-
jected into the reservoir. 

Three mines have been operated since 1975. 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 underground slant 
production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. Construction of 4 new 
shafts is expected to bring production to over 30,000 barrels per day. Forty-one million barrels of oil were produced during the 
period 1975-1987. 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. (T-270) 

The pilot project began operation in December, 1981. The pilot was developed with the following objectives in mind: Evaluate the 
use of horizontal hydraulic fractures to develop injector to producer communication; optimize steam injection rates; maximize 
bitumen recovery; assess the areal and vertical distribution of heat in the reservoir, evaluate the performance of welibore and sur-
face equipment; and determine key performance parameters.
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R & D PROJECTS (Continued) 

The operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. In 1990 three patterns were being operated: one 
9-spot and two 5-spots. The central well of each pattern is an injector. Eight observations wells are located in and around the 
three patterns. The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three 
patterns continue to be encouraging, according to Husky. 

In 1990 the project passed the one million barrel production mark and at the end of January 1991 the project entered its final, 
winddown phase. The winddown phase consists of reducing the central steam injection to zero and continuing to produce until the 
end of April 1991. The project was shut down at the end of April 1991, after a majority of the technical objectives had been met. 

In July 1991, all production, injection and observation wells were abandoned and the central facilities mothballed. 

Project Cost: 	 Capital $54 million, operating $73 million 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, Hudson's Bay Oil and Gas (T-280) 

Mobil Oil Canada initiated dry combustion in the Battrum field, near Swift Current, Saskatchewan, in 1965 and converted to wet 
combustion in 1978. The combustion scheme, which Mobil operates in three Battrum units, was expanded during 1987-88. The ex-
pansion included drilling 46 wells, adding 12 new burns, a workover program and upgrading surface production and air injection 
facilities. There are presently 18 burns in operation. 

All burns have been converted to wet combustion and the air injection rate is 25 million cubic feet per day. Studies have been in-
itiated to determine the feasibility of oxygen enrichment for the SOR scheme. 

BUENA VENTURA COLD PROCESS PILOT - Buenaventura Resource Corp. (T-287) 

Buenaventura Resource Corporation owns the exclusive license to use a patented process to extract oil from tar sands in the 
United States and Canada. The cold process was invented by Park Guymon of Weber State University. 

The two step process uses no heat in extracting heavy oil from tar sands. Asphalt can be made from the oil, or it can be refined for 
use as a motor oil. The company is currently assessing the market for these products. 

The process will be developed in three phases. The first phase is a small pilot plant to be installed at or near Weber State Univer-
sity. The plant is being built in Texas and was shipped to Utah in the fall of 1990 for installation. The project's second phase will 
be a larger pilot plant and the third phase will be a commercial-scale plant. 

Buenaventura has been working on developing the new process in Uintah County, Utah since 1986. Funding for the project is 
being sought from the State of Utah and the United States Department of Energy. 

CARIBOU IAXE PILOT PROJECT - Husky Oil Operations Ltd. (60 percent) and Alberta Energy Co. (40 percent) (F-310) 

Husky Oil Operations Ltd. and Alberta Energy Co. received ERCB approval for a 1,100 barrels per day heavy oil steam pilot in 
the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

In September, 1989, Husky and AEC Oil & Gas Company announced their intention to proceed with the development of the 
Caribou Lake Pilot Project. This project will test the potential commercial application of producing heavy oil using cyclic steaming 
technology. Husky will operate the project. 

Construction at the Caribou Lake Pilot Project was completed in early 1991 and the operations phase of the project _pc begun. 
The Pilot consists of 25 cyclic steam/production wells, 75 MMBTU/hour steam generation capacity and associated oil treating and 
produced water clarification facilities. The total average output of the project was expected to be 1,200 barrels of heavy oil per day. 

In 1992 the Caribou Lake Project was suspended indefinitel 

Project Cost: Approximately $20 Million 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada (F-320) 

Mobil's heavy oil project is located in 132 and RI), W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 
25 wells drilled on 5-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.

SYNTHETIC FUELS REPORT, DECEMBER 1992 
3-45



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

R & D PROJECTS (Continued) 

Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987. Operations were 
suspended in 1988-89. 

Production in the Celtic Multizone Test, an expansion of the Heavy Oil Pilot, consisting of 16 wells on 20 acre spacing, commenced 
with primary production in September, 1988. First cycle steam injection commenced May, 1989. This test operation is now part of 
the total Celtic field operation. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-H SYNFUELS DREDGING PROJECT - C-H Synfuels Ltd. (F-330) 

C-I-I 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 McMurray subdivision 
of Abasand Heights. Extraction of the dredged bitumen would take place on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. The resulting bitumen would be stored in tanks, allowed to cool and solidify, 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 

C-H proposes to add lime and a non-toxic polyacrylamide polymer to the tailings stream. This would cause the fines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cost: Not disclosed 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-340) 

Kirkwood Oil and Gas is forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar Sand 
Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Work on this project was suspended in 1990 until an Environmental Impact Statement can be completed. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada (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. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of fourteen single wells in 1988. Various zones have been tested in the 
Upper and Lower Grand Rapids formation. The test well locations are distributed throughout Mobil's leases in Townships 63 and 
64 and Ranges 6 and 7 W4M. Based on encouraging results, the Iron River Pilot [see Iron River Pilot Project (T-440)1. was con-
structed with operations beginning in March, 1988. To date, steam stimulation tests have been conducted in a total of 14 vertical 
wells. 

Five vertical wells, all multizone completions, were still in operation in 1991; the remaining wells were suspended at the conclusion 
of their testing programs. No further steaming of the single wells is planned. A single zone, conduction assisted steam stimulation 
in a horizontal well began in mid-1989. This test was still operating in 1990. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Resources Limited, the Alberta Oil Sands Technology and Research 
Authority, and L'Association pour la 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 Syncn'dc 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.

SYNTHETIC FUELS REPORT, DECEMBER 1992 
3-46



STATUS OF OIL SANDS PROJECT'S (Underline denotes changes since September 1992) 

R & D PROJECTS (Continued) 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
caise du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 

The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost: 	 Not disclosed 

EVEHILL IN srru COMBUSTION PROJECT - Canadian Occidental Petroleum, Ltd., CS. Resources Ltd. and Murphy Oil Company 
Ltd. ('1-390) 

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 r spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of 
April 1, 1982. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 
14.3 degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 

Cumulative production reached one million barrels in 1988. This represents about 6 percent of the oil originally in place in the 
project area. Another four million barrels is expected to be recovered in the project's remaining 10 yearn of life after 1988. 

Production in 1990 continued at 500 barrels per day. The air compressors supplying combustion air were shut-in in June 1990. 
Secondary processes for additional recovery will be reviewed during 1992. 

Project Cost:	 $15.2 million 

FORT KENT THERMAL PROJECT - Koch Industries and Canadian Worldwide Energy Corporation (1400) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of Al-
berta. Canadian Worldwide holds a 50 percent working interest in this project, with Koch Industries now replacing Suncor. This 
oil has an average gravity of 125 degrees API, and a sulfur content of 33 percent. The project utilizes huff and puff, with 
steamdrive as an additional recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns 
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 drilled. 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 1988 is approximately $35 million (Canadian). 

In January 1989, it was announced that the project would be indefinitely suspended. 

Project Cost: See Above 

FROG LAKE PILOT PROJECF—Texaco Canada Petroleum (1405) 

The Frog Lake Lease is located about 50 miles northwest of Uoydminster, Alberta in the southeastern portion of the Cold Lake 
Oil Sands deposit. The lease contains a number of heavy oil producing horizons, but primary production rates are generally 
restricted to less than 5 cubic meters per day per well due in large part to the high viscosity of the oil. 

During the 1960's steam stimulation treatments were carried out on several wells on the Frog Lake lease but based on these tests it 
was concluded that conventional thermal recovery methods using steam are hampered by the thermal inefficiency associated with 
the thin sands.
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In 1991 Texaco began preparing to apply electromagnetic heating to stimulate three Lower Waseca wells at Frog Lake. The wells 
were placed on production in late November 1990 and electromagnetic heating was scheduled to commence by mid-1991. 

Upon completion of the tests in 1993 it is expected there will be sufficient data available to develop reliable economies for a com-
mercial project. A reservoir simulator will be used to history-match test results and make predictions of production rates and ul-
timate recovery for various well patterns and spacing. 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd. (14.29 percent) and AOSTRA (85.71 percent) (T420) 

The Gregoire Lake In-Situ Steam Pilot (OLISP) was an experimental steam pilot located at Section Z-86-7W. Phase B operations 
were terminated in July 1991 due to financial limitations. Petro-Canada had participated in Phase A of the project, but declined to 
participate in Phase B which was initiated in 1990. The lease is shared jointly by Amoco and Petro-Canada. Amoco is the 
operator. 

The GLISP production pattern consisted of a four spot geometry with an enclosed area of 0.28 hectacres (0.68 acres). The process 
tested the use of steam and steam additives in the recovery of high viscous bitumen (WO million eP at virgin reservoir 
temperature). Special fracturing techniques were tested. Three temperature observation wells and seismic methods were used to 
monitor the in-situ process. 

The project began operation in September 1985. Steaming operations were initiated in October 1986 to heat the production 
wellbores. A production cycle was initiated in January 1987 and steam foam flooding began in October 1988. Foam injection was 
terminated in February 1991. Steam diversion using low temperature oxidation was tested between April and July 1991. Opera-
tions at GLISP were suspended July 18, 1991. 

Project Cost:	 $26 million (Canadian) 

HANGINGSTONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd, Esso Resources Canada Limited and Japan 
Canadian Oil Sands (T-430) 

Construction of a 13 well cyclic steam pilot with 4 observation wells was completed and operation began on May 1, 1990. On Sep-
tember 4, 1990, Petro-Canada announced their official opening of the I-Iangingstone Steam Pilot Plant. 

The production performance of the first cycle was said to be below expectations because of severe steam override. Cold bitumen 
influx into the wellbore also caused severe rodfall problems and pump seizure. Startu p of 2 of the 13 Wells will be delayed until the 
in situ stresses are more favorable for the creation of a horizontal fracture system. 

Some of the pilot wells are now in their fourth production cycle. 

The Group owns 34 leases in the Athabasca oil sands, covering 500,000 hectares. Most of the bitumen is found between 200 and 
500 meters below the surface, with total oil in place estimated at 24 billion cubic meters. 

The l-langingstone operations are expected to continue until the end of 1992. According to Petro-Canada, total expenditures will 
reach $160 million by 1993. Expansion to an enlarged pilot operation or a semi-commercial demonstration project could result if 
the current project is deemed successful. 	 - 

IMPERIAL COLD LAKE PILOT PROJECTS - Im perial Oil Resources Limited. (F-380) 

Imperial operates two steam based in situ recovery projects, the May-Ethel and Leming 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 Lease No. 40. 
Imperial has sold data from these tests to several companies. The Laming pilot is located in Sections 4 through 8-65-3W4. The 
Leming pilot uses several different patterns and processes to test future recovery potential. Im perial 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 mil-
lion, debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operat-
ing wells. Approved capacity for all pilot projects is 3,100 cubic meters (about 19,500 barrels) per day of bitumen. 

The pilots have been used for testinc a variety of recovery, productidn and facilities technologies. 

They continue to serve as a testing area for optimizing the parameters of cyclic steam stimulation as well as on follow-up recovery 
methods, such as steam displacement and horizontal wells. 	 - 

(Also we Cold Lake in commercial projects listing) 

Project Cost:	 $260 million
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IRON RIVER PILOT PROJECT - Mobil Oil Canada (T-440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a four hectare pad develop-
ment with 23 slant and directional wells and 3 observation wells on 3.2 and 1.6 hectare spacing within a 65 hectare drainage area. 
The project is 100 percent owned by Mobil Oil. It is located in the northwest quarter of Section 6-64-6W4 adjacent to the Iron 
River battery facility located on the southwest corner of the quarter section. The project is expected to produce up to 200 cubic 
meters of oil per day. The battery was expanded to handle the expected oil and water volumes. The produced oil is transported by 
underground pipeline to the battery. Pad facilities consist of 105 million 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 sys-
tem and the treated oil is trucked to the nearby Husky facility at Tucker Lake. 

The pilot project has been operating since 1988 and is expected to continue operation until 1992. 

Project Cost: 	 $14 million 

KEARL LAKE PROJECT - See Athabasca In Situ Pilot Project (1-270) 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (17470) 

This experimental in situ recovery project is located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot 
thick Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 
20 acres. Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested 
from 1980 to 1983 but has been terminated. Huff-and-puff continued. Production rates from the seven-spot area were encourag-
ing, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 85,000 Cp at reservoir temperature F. Porosity is 33 percent and permeability is 2500 md. 

This pilot is currently suspended due to low oil prices. 
(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost:	 $7 million capital, $23 million per year operating 

LINDBERGH THERMAL PROJECT - Amoco Canada Petroleum Company Ltd. (1-480) 

Amoco (formerly Dome) drilled 56 wells in section 18-55-5 W4M in the Lindbergh field in order to evaluate an enriched air and air 
injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to evaluate the combination thermal 
drive process. The enriched air scheme included three 10 acre patterns. Currently only one 10 acre enriched air pattern is opera-
tional. 

Air was injected into one 10 acre pattern to facilitate sufficient burn volume around the wellbore prior to switching over to en-
riched air injection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A con-
certed plan of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several 
years. Enriched air injection was reinitiated in this pattern in August 1985. Initial injection rate was 200,000 cubic feet per day of 
100 percent pure oxygen. Early oxygen breakthrough was controlled in the first year of Combination Thermal Drive (CFD) by 
reducing enrichment to 80 percent oxygen. 

In the second year of CFD, further oxygen breakthrough was controlled by stopping injection, then injecting air followed by 
50 percent 02. Lack of production response and corrosion caused the pilot to be shut in in mid-1990. 

Project Cost:	 $22 million	 - 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project)
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MORGAN COMBINATION THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (T490) 

Amoco (formerly Dome) completed a 46 well drilling program (7 injection wells, 39 production wells) in Section 35-514-W4M in 
the Morgan field in order to evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot pat-
terns. All wells have been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimula-
tions to provide for production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. 
All of the nine patterns have been ignited and are being pressure cycled using air injection. 

A change of strategy with more frequent pressure cycles and lower injection pressure targets was successful for pressure cycle four. 
This strategy will be continued with pressure cycle five scheduled For this year. A conversion to combination thermal drive is still 
planned after pressure cycling becomes unfeasible due to longer repressuring time requirements. 
The project started up in 1981 and is scheduled for completion in 1995. 

Project Cost:	 $20 million 

ORINOCO BELT STEAM SOAK PILOT—Maraven (T-500) 

The Orinoco Belt of 54,000 
lam  

was divided into four areas in 1979 to effect an accelerated exploration program by the operating 
affiliates (Corpoven, Lagoven, Maraven and Meneven) of the holding company Petroleos de Venezuela (PDVSA). 

Maraven has implemented a pilot project in the Zuata area of the Orinoco Belt to evaluate performance of slant wells, productivity 
of the area, and well response to "Huff and Puff" steam injection in relation to a commercial development. 

Twelve inclined wells (7 producers and 5 observers) have been drilled in a cluster configuration, using a slant rig with a well spacing 
at surface of 15 meters and 30) meters in the reservoir. 

The 7 production wells, completed with openhole gravel packs, have been tested prior to steam injection at rates between 30 BPD 
and 200 BPD using conventional pumping equipment. Five wells have been injected, each with 10,000 tons of steam distributed 
selectively over two zones. After an initial flowing period, stabilized production on the pump averaged 1,400 BPD per well with a 
water cut of less than 3 percent. 

With the information derived from the exploration phase, it was possible to establish an oil-in-place for the Zuata area of 
487 billion SIB. 

PELICAN LAKE PROJECT - CS Resources Limited and Devran Petroleum Ltd. (T-510) 

CS Resources acquired from Gulf Canada, the original operator, the Pelican Lake Project comprised of some 89 sections of oil 
sand leases. 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary production 
methods, with a view to ultimately introducing thermal recovery methods. 

Eight horizontal welts have been successfully drilled at the project site in north central Alberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,500 feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 

Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 
Drilling of five more horizontal wells with horizontal sections of 3,635 feet (a horizontal record) was accomplished in December 
1989 and January 1990. Four more horizontal wells were drilled in 1991 for a total of 17 horizontal wells. 

All four 1991 wells contacted almost 100 percent of good quality reservoir throughout the horizontal section. The horizontal sec-
tion of one well was 1,321 meters from intermediate casing point to total depth. A 496 meter lateral arm was completed off the 
horizontal section of a 1,137 meter main hole section. One 'P well was a limited success with a horizontal section of 907 meters. 

The average drill, case and completion cost of the 1991 wells was $540,000. The wells took an average of 7.5 days to drill with the 
average horizontal section being 1,290 meters. The cost per horizontal meter has dropped from $1,240 per meter in 1988 to 
$420 per meter in 1991. 

Special effort was made to keep the drilling program simple and cost-effective. A surface casing was set vertically at 110 meters, 
then the wells were kicked off and inclination was built gradually to 90 degrees at a rate of two degrees/la meters. An intermediate 
casing was run and cemented before horizontal drilling commenced in the sand reservoir. Early production rates averaged 15 to 
20 cubic meters per day, three to six times avenge vertical well figures. Four wells, drilled in 1988, rapidly produced with a disap. 
pointing, and unexpected high water cut, whereas no bottom water is known to exist in this particular area. However, the two sub-
sequent horizontal wells have not had any free water problems.
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Sand production has not been a major problem and the production sand content is lower than in surrounding vertical wells. 

Project Cost:	 Not disclosed 

PELICAN- WABASCA PROJECT - CS Resources ('T-520) 

Construction of rireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase 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 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. The remaining wells stayed on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot was converted to steamflood in fall 1987. 

In May 1989 all thermal operations had been terminated. The wells were abandoned with the exception of 13 wells that remain 
producing on primary production. 

The use of horizontal wells is being tested. In 1991, an additional eight horizontal wells were drilled to about 1,000 meters in 
length. 

Project Cost:	 Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT - AOSTRA, Canadian Occidental Petroleum, Ltd., Esso, Resources 
Canada Ltd., Murphy Oil, Noreen Energy Resources Limited (F-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, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initialed in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. All nine pattern wells 
were placed on primary production in February 1985. 

The project was designed to be operated in four stages. The first stage was to place the wells on primary production, next to begin 
multicyclic steam stimulation, followed by a steam drive and finally a heat scavenging waterflood. The project was estimated to last 
approximately 10 years. The time frame for these four phases being: 

Mar/85 - Fed/86: Primary Production 
Apr/86 - Jun/89: Cyclic Steam Stimulation 
Jul/89 - Dec/92: Steam Drive 
Jan/93 - Dec/94: Heat Scavenging Waterflood 

Overall, the cyclic production performance had an avenge incremental recovery of 17 percent 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 035 forecast. 

The next phase of the pilot is to follow-up the four cycle steam stimulation phase with a steam drive by way of continuous injection 
into the central well. Performance thus far has been encouraging with production being equal to or better than forecast and 
slightly higher than at the end of the cyclic phase. The steam drive performance in 1991 and 1992 will be important in determining 
the ultimate recovery process and pattern size to be chosen for the pool. 

Project Cost:	 $14 million capital, $23 million per year operating
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PR SPRING PROJECT - Enercor and Solv-Ex Corporation, (F-Mo) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for 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 
claims the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and low economical 
capital and operating costs. Process optimization and scale-up testing is currently underway For the Solv-Ex/Shell Canada Project 
which uses the same technology. 

The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totaling $230,947,000 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SEC 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) 

SOARS LAKE HEAVY OIL PILOT - Koch Exploration Canada Ltd. (F-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. The project is designed to test cyclic steam simulation process. 

Amoco Canada had been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The heavy oil reservoir at Soars Lake is located in the Sparky formation at a depth of 1,500 feet. 

In the summer of 1987, Amoco began drilling 15 slant wells for the project. One vertical well already drilled at the site was in-
cluded in the plans. The wells are oriented in a square 10 acre/well pattern along NE-SW rows. 

The injection scheme initially called for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 
However, severe communication developed immediately along the NE-SW direction resulting in production problems. Although 
this fracture trend was known to exist, communication was not expected over the 660 feet between the wells' bottomhole locations. 
Steam splitters were installed to allow steaming of 4 wells simultaneously along the NE-SW direction. Four cycles of steam injec-
tion have been completed and although production problems have decreased, reservoir performance remains poor. The short-term 
strategy for the pilot calls for an extended production cycle to create some voidage in the reservoir prior to any further steam 
stimulations. 

Further to extending the production cycle of the original pilot wells, Amoco Canada bezan testing the primary production potential 
of Soars Lake with six new wells drilled in June 1991. 

In 1992 the project was transferred to Koch Exploration Canada 

Project Cost: $40 million 

STEEPBANK PILOT PROJECT - Chevron Canada Resources (T-40) 

Chevron Canada Resources has started a new pilot project utilizing the HASDrive (Heated Annulus Steam Drive) process to 
recover bitumen from the Athabasca Oil Sands. The pilot plant is located on Chevron's Steepbank oil sands lease located about 
30 miles northeast to Fort McMurray, Alberta, Canada. 	 - 

In the HASDrive process, a horizontal wellbore is drilled into the oil sands formation. Steam is circulated in the cased wellbore 
thereby transferring heat into the oil sand. Two vertical injection wells are used to inject steam into the formation at points along 
the heated horizontal channel (annulus), driving the heated bitumen toward a production well placed between the injection wells. 
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The pilot includes two steam injection wells, one producing well, one horizontal HASDrive well, six temperature observation wells 
and tour crosshole seismic wells. 

Operations commenced November 1, 1991 with steam circulation in the horizontal well. Steam injection and production were both 
under way by March 1992. 

AOSTRA has built a pilot for an extraction and partial upgrading process located in southeast Calgary, Alberta. The pilot plant 
finished construction in March 1978 at a cost of $1 million. The process was invented by William Taciuk of The UMA Group. 
Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the Alberta 
Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat exchange, 
cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. The pilot plant, which 
processed 5 tons of Athabasca oil sand per hour, has completed testing and demonstration. 

Information agreements were made with a major oil company and with a joint-venture company between two majors. The informa-
tion agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the informa-
tion generated by the project during the pilot phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid coker, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

The next stage is a demonstration scale AOSTRA Taciuk Processor (ATP) plant, sized at 100 tons per hour feed capacity and lo- 
cated in the Athabasca Oil Sands operating area. The design and proposal for this facility were completed in 1985, but the project 
has not proceeded because of the unfavorable economic climate for oil industry capital investment. 

A comparable demonstration scale project is being considered for a semi-commercial plant to study and demonstrate the ATP Sys-
tem for producing oil from oil shale at a deposit in Australia. The design of this facility is underway, and is for a throughput 
capacity of 6,000 tons per day of oil shale feed. Construction is not yet committed, but is planned for 1993 or later. (See Stuart Oil 
Shale Project in oil shale status section). 

A third area of application of the technology has been developed in the past 7 years, which is its use for remediation of oily soils 
and sludges. In this area, the Al? has progressed to commercialization. The first ATP waste treatment was built in 1989 for Soil. 
Tech, Inc. which is the United States licensee for the use of the technology in waste treatment. This plant has successfully treated 
42,000 tons of PCB contaminated soil to remove the PCB contaminant. The removal treatment was by chemical dechlorination 
within the ATP unit and met standards of 2 ppm or less PCB for the remediated soil. 

The 10 ton/hour soiltech plant is presently committed for use at the Waukegon Harbor Superfund site in Illinois. This is also a 
PCB treatment project, for the extraction of PCBs from 17,000 cubic yards of drained harbor silts. 

In February 1991, AOSTRA commissioned the construction of a S ton per hour portable unit for use in Canada. It will to be avail-
able in the summer of 1992 to demonstrate oil production from tar sands and cleanup of oily waste sites in Canada. 

TANGLEFLAGS NORTH - Sceptre Resources Limited and Murphy Oil Canada Ltd. (T.620) 

The project, located some 35 kilometers northeast of Lloydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Uoydminster region. 

The Tangieflags North Pilot Project is employing drilling methods similar to those used by Esso Resources Canada Ltd. in the Nor-
man Wells oil field of the Northwest Territories and at Cold Lake, Alberta. The combination of the 500-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangleflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan provided $3.8 million in funding under the terms of the Canada-Saskatchewan 
Heavy Oil Fossil Fuels Research Program.



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

R & D PROJECTS (Continued) 

Estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gross produc-
tion rate of 6,200 barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot has advanced to the continuous steam injection phase. With one horizontal well and four vertical steam injec-
tion wells in place, the project was producing at rates in excess of 1,000 barrels of oil per day by mid 1990. Cumulative production 
to the middle of 1990 was 425,000 barrels. Production has reached peak rates in excess of 1,600 barrels per day. The expansion of 
the pilot project into a commercial operation involving 14 horizontal wells will hinge on future crude oil prices. 

The strong performance of the initial well prompted Sceptre to initiate a six-well commercial phase scheduled for completion by 
the end of 1992. For this purpose a second horizontal producer well and an additional vertical injector well were drilled in the 
fourth quarter of 1990. Facilities were expanded to generate more steam and handle increased production volumes in early 1991. 
Cumulative oil production to the end of 1991 was 1,303,000 barrels. 

Project Cost: $12.3 million invested to 1992 

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 Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Tn-
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 project has been put on temporary hold. 

Project Cost Unknown 

UNDERGROUND TEST FACILITY - Alberta Oil Sands Technology and Research Authority, Federal Department of Energy, 
Minesand Resources (CANMET), Chevron Canada Resources Limited, Esso Resources Canada Limited, Conoco Canada United, 
Mobil Oil Canada Ltd., Petro-Canada Inc., Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd., Japex Oil Sands Ltd. QilM 
National Petroleum Corporation ('I'.650) 

The Underground Test Facility (11FF) was constructed by AOSTRA during 1984-1987, for the purpose of testing novel in situ 
recovery technologies based on horizontal wells, in the Athabasca oil sands. The facility is located 70 kilometers northwest of Fort 
McMurray, and consists of two access/ventilation shafts, three meters in diameter and 185 meters deep, plus a network of tunnels 
driven in the Devonian limestone that underlies the McMurray pay. A custom drilling system has been developed to drill wells up-
ward from the tunnels, starting at a shallow angle, and then horizontally through the pay, to lengths of up to 600 meters. 

Two processes were selected for initial testing: steam assisted gravity drainage (SAGD), and Chevron's proprietary HASDnive 
process. Steaming of both test patterns commenced in December 1987 and continued up to early 1990. HASDrive was shut in 
April 1990 and the SAGD was to continue producing in a blowdown phase until the fall of 1990. 

Both tests were technical successes. In the case of the Phase A SAGD test, a commercially viable combination of production rates, 
steam/oil ratios, and ultimate recovery was achieved. Complete sand control was demonstrated, and production flowed to surface 
for most of the test. 

Construction of the Phase B SAGD test commenced in the spring of 1990 with the drivage of 550 meters of additional tunnel, for a 
total of about 1,500 meters. Phase B is a direct scale up of the Phase A test, using what is currently thought to be the economic op- - 
timum well length and spacing. The test consists of three pairs of horizontal wells, with completed lengths of 600 meters and 
70 meter spacing between pairs. Each well pair consists of a producer placed near the base of the pay, and an injector about 
5 meters above the producer. All six wells were successfully drilled in 1990Jj1. The contractual obli gations for Phase B opera-
tions will be completed by 1994. It is expected that Phase B will continue operation until 1996. Phase A produced over 130,0 
barrels of bitumen.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1992) 

R & D PROJECTS (Continued) 

Phase B steaming commenced in September 1991, then was shut-in tem porarily to construct larger facilities. Production was slated 
to begin in December 1992. A decision regarding expansion to commercial production will be made after this period. Two 
thousand barrels per day of bitumen are expected to be produced by this method. 

AOSTRA states that this new method of bitumen production is starting to look like a major technological breakthrough and that 
bitumen may eventually be produced for under CS7 per barrel, which would be less costly than most current in situ bitumen 
production. 

In 1992 an areement was reached with Syncrude Canada to process up to 2.000 barrels per day of bitumen thmu2h Svncrude's 
nearby uonadinr facilities. 

Project Cost:	 $150 million
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globes Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. September 1989; page 3-9 

Asphalt Ridge Tar Sands Pilot Sohio December 1986; page 3-51 

Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 
Mobil 
University of Utah 

Athabasca Project Shell Canada limited September 1988; page 3-50 
Solv-Ex Corp. 

Beaver Crossing Thermal Recovery Pilot Chevron Canada Resources December 1988; page 3-67 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Burnt Lake Suncor December 1986; page 3-43 

BVI Cold Lake Pilot AOSTRA 
Bow Valley Industries, Ltd. March 1991; page 3-44 

California Tar Sands Development Project California Tar Sands Development Company September 1989; page 3-42 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

CANMET Hydrocracking Process Petro-Canada March 1992; page 3-50 
Part" Lavalin, Inc. 

Canstar Nova March 1987; page 3-29 
Petro-Canada 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor June 1987; page 3-55 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 3-42 

Charlotte Lake Project Canadian Worldwide Energy Ltd. September 1988; page 3-61 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project EOR Petroleum Company December 1983; page 3-59
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STATUS OF OIL SANDS PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Tetra Systems 

Cold Lake Pilot Project Gull Canada Resources 

Deepsteam Project Sandia Laboratories 
United States Department of Energy 

Enpex Syntaro Project Enpex Corporation 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project Falcon Sciences, Inc. 

Fostern N. W. In Situ Wet Combustion Mobil Oil Canada, Ltd. 

Grossmont Thermal Recovery Project Unocal Canada Ltd. 

HOP Kern River Commercial Ladd Petroleum Corporation 
Development Project 

Ipiaitk East Project Alberta Energy Company

December 1979; page 3-31 

March 1984; page 341 

March 1989; page 3-63 

December 1985; page 3-38 

December 1989; page S-

December 1988; page 3-71 

June 1985; page 3-51 

March 1992; page 3-54 

lpiatik Lake Project 

Jet Leaching Project 

Kenoco Project 

Kentucky Tar Sands Project 

Uoydminster 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

Amoco Canada Petroleum Company, Ltd. 
Deminex Canada 

Alberta Energy Company and 
Pet ro-Ca nada 

BP Resources Canada Ltd. 

Kenoco 

Texas Gas Development 

Murphy Oil Company, Ltd. 

Canada Cities Service 
Westcoast Petroleum 

AORA 
BP Resources Canada 
Petro-Canada 

Conterra Energy Ltd 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Canada Cities Service 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

C & A Companies 
Minerals Research Ltd. 

Canadian Worldwide Energy 

Petro-Canada 

Amoco Canada Petroleum 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited

December 1986; page 3-63 

June 1991; page 3-57 

December 1991; page 3-52 

June 1985; page 3-52 

December 1983; page 3-63 

September 1982; page 343 

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 
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STATUS OF OIL SANDS PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Porta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd. 

Primrose-Kiiby Project Petro-Canada June 1986; page 3-56 

RAPAD Bitumen Upgrading Research Association for Petroleum Alternatives December 1991; page 3-55 

Ras Gharib Thermal Pilot General Petroleum Company of Et March 1990; page 3-54 

Resdeln Project Gull Canada Resources Inc. March 1983; page 3-43 

R. F. Heating Project lIT Research Institute March 1983; page 343 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project RIO Verde Energy Corporation June 1984; page 3-58 

RTR Pilot Project RTR Oil Sands (Alberta) Ltd. March 1991; page 3-53 

Sandalta Gulf Canada Resources Ltd. March 1992; page 3-58 
Home Oil Company, Ltd. 
Mobil Oil Canada Ltd. 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project Solv-Ex Corporation March 1985; page 3-45 

Sarnia-London Road Mining Assisted Project Devran Petroleum December 1988; page 3-62 
Shell Canada 

South Kinsella (Kinsella B) Dome Petroleum December 1988; page 3-76 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Tucker Lake Pilot Project Husky Oil Operations Ltd. December 1991; page 3-57 

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 Gulf Canada Resources, Inc. September 1988; 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 

Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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INDEX OF COMPANY INTERESTS 

Company or Or2anization Project Name 

Alberta Energy Company Burnt Lake Project 3-34 
Caribou Lake Pilot Project 3-45 
Primrose Lake Commercial Project 3-40 
Syncrude Canada Ltd. 3-42 

Alberta Oil Sands Equity Oslo Project 3-38 
Syncrude Canada Ltd. 3-42 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-44 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-46 

GLISP Project 3-48 
Provost Upper Mannville Heavy Oil Steam Pilot 3-51 
Taciuk Processor Pilot 3-53 
Underground Test Facility Project 3-54 

Amoco Canada Petroleum Company, Ltd. Elk Point 3-36 
GLISP Project 3-48 
Lindbergh Commercial Project 3-37 
Lindbergh Thermal Project 3-49 
Morgan Combination Thermal Drive Project 3-50 
Primrose Lake Commercial Project 3-40 
Underground Test Facility 3-54 
Wolf Lake Project 343 

Amoco Production Company Sunnyside Project 341 

Buenaventura Resource Corp. Buenaventura Cold Process Pilot 3-45 

Canada Centre For Mineral & Energy Underground Test Facility 3-54 
Technology 

Canadian Hunter Exploration Burnt Lake Project 3-34 

Canadian Occidental Petroleum, Ltd. Eyehill In Situ Combustion Project 347 
Hanginptone Project 348 
Oslo Project 3-38 
Provost Upper Mannville Heavy Oil Steam Pilot 3-51 
Syncrude Canada Ltd. 3-42 

Canadian Worldwide Energy Corp. Fort Kent Thermal Project 347 

CANMET Underground Test Facility 3-54 

C-H Synfuels Lid. C-H Synfuels Dredging Project 3-46 

Chevron Canada Resources Ltd. Steepbank HASDrive Pilot Project 3-52 
Underground Test Facility 3-54 

China National Petroleum Corporation Underground Test Facility 3-54 

Conoco Canada Ltd. Underground Test Facility 3-54 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 3-38 

CS Resources Eyehull In Situ Combustion Project 3-47 
Pelican-Wabasca Project 3-51 
Pelican Lake Project 3-50 

Devran Petroleum Ltd. Pelican Lake Project 	 - 3-50 

Electromagnetic Oil Recovery Inc. Electromagnetic Well Stimulation Process 3-35 

GNC Energy Corporation Sunnyside Tar Sands Project 3-41
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS (Continued)

Company or Orsanization Proiect Name 

Greenwich Oil Corporation Forest Hill Project 3-37 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-46 
Oslo Project 3-38 
Syncrude Canada Ltd. 342 

HBOG Oil Sands Partnership Syncrude Canada Ltd. 3-42 

Hudson's Bay Oil and Gas Battnzm In Situ Wet Combustion Project 3-45 

Husky Oil Operations, Ltd. Athabasca In Situ Pilot Project 3-44 
Battrum In Situ Wet Combustion Project 345 
Ri-Provincial Upgrader 3-33 
Caribou Lake Pilot Project 3-45 

Imperial Resources Oil Ltd. Athabasca In Situ Pilot Project 3-44 
Cold Lake Project 3-34 
Hanging Stone Project 348 
Imperial Cold Lake Pilot Projects 3-48 
Oslo Project 3-38 
Provost Upper Mannville Heavy Oil Steam Pilot 3-51 
Syncrude Canada Ltd. 3-42 

James W. Bunger and Assoc. Inc. Asphalt From Tar Sands 3-33 

Japan Canadian Oil Sands Ltd. Hangingatone Project 348 

Kirkwood Oil and Gas Company Circle Cuffs Project 3-46 
Tar Sand Triangle 3-54 

Koch Exploration Canada Fort Kent Thermal Project 3-47 
Soars Lake Heavy Oil Pilot 3-52 

L'Association pour Is Valorization Donor Refined Bitumen Process 3-46 
des Huila Lourdes (ASVAHL) 

Maraven Orinoco Belt Steam Soak Pilot 3-50 

Mitsubishi Oil Company Syncrude Canada Ltd. 3-42 

Mobil Oil Canada Ltd. Battnsm In Situ Wet Combustion Project 3-45 
Celtic Heavy Oil Pilot Project 3_45 
Cold Lake Steam Stimulation Program 3-46 
Iron River Pilot Project 3-49 
Underground Test Facility 3-54 

Murphy Oil Canada Ltd. Eyehill In Situ Combustion Project 347 
Lindbergh Commercial Thermal Recovery Project 3-37 
Lindbergh Steam Project 3-49 

- Provost Upper Mannville Heavy Oil Steam Pilot 3-51 
TangJeflags North 3-53 

NewOrade Energy Inc. NewOrade Heavy Oil Upgrader 3-38 
Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-51 

Ontario Energy Resources Ltd. Suncor, Inc. Oil Sands Group 3-40 

PanCanadian Petroleum Elk Point Oil Sands Project 3-36 
Oslo Project 3-38 
Syncrude Canada Ltd. 3-42

SYNThETIC FUELS REPORT, DECEMBER 1992 



917ATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS (Continued)

Com pany or Ortanization Project Name Page 

Petro-Canada Daphne Project 3-35 
GLISP Project 3-48 
Hangingstone Project 348 
Oslo Project 3-38 
Syncrude Canada Ltd. 342 
Underground Test Facility 3-54 

Pctrolcos de Venezuela SA Orimulsion Project 3-38 

Saskatchewan Government NewGrade Heavy Oil Upgradcr 3-38 

Saskoil Battrum In Situ Wet Combustion Project 3-45 

Sceptre Resources Ltd. Tangleflags North 3-53 

Shell Canada, Ltd. Peace River Complex 3-39 
Scotford Synthetic Crude Refinery 3-40 
Underground Test Facility 3-54 

SoIv-Ex Corporation Bitumount Project 3-33 

Suncor, Inc. Burnt Lake Project 3-34 
Fort Kent Thermal Project 3-47 
Suncor, Inc. Oil Sands Group 3-40 

Sun Company, Inc.	 . Suncor, Inc. Oil Sands Group 3-40 

Synco Energy Corporation Synco Sunnyside Project 3-42 

Texaco Canada Petroleum Frog Lake Project 3-47 

Texaco Inc. Diatomaceous Earth Project 3-35 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 343 

Ucntech Corporation Electromagnetic Well Stimulation Process 3-35 

Underwood McLellan & Associates Taciuk Processor Pilot 3-53 
(UMA Group) 

Unocal Canada, Ld. Battrum In Situ Wet Combustion Project 345 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-44 

Veba Oel AG Orimulsion Project 3-38
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PROJECT ACTIVITIES 

BRITISH GAS WRAPS UP OPERATION OF THE BGL 
GASIFIER 

At the end of 1991 British Gas completed the development 
and demonstration work on the BGL gasification process for 
the manufacture of substitute natural gas (SNG) and for the 
generation of electric power. This work started in 1975 with 
the installation at Westfield, Scotland, of a 300-ton-per-day 
unit operating at 25 bar pressure, which was used until 1981 
to develop slagging gasification technology and to determine 
the performance of the gasifier on a wide range of 
feedstocks. A larger. 500-ton-per-day gasifier was then in-
stalled and operated at 25 bar until the end of 1990. The 
final phase of the program, completed last year, was to 
operate a 200-ton-per-day experimental gasifier over the pres-
sure range 25 to 70 bar to determine the effect of pressure 
on the performance and operational characteristics. This 
work was summed up by J.A. Lacey and B.H. Thompson at 
the Ninth International Pittsburgh Coal Conference held in 
Pittsburgh, Pennsylvania in October. 

A diagram of the main features of the gasifier is shown in 
Figure 1. The main pressure shell has internal water cooling 
and a composite refractory lining to give a shaft diameter of 
4 feet. Two lockhoppers are used alternately to introduce 
coal into the gasifier, such that when one is being discharged 
the other is being filled. Mounted along the axis at the top 
of the gasifier is a distributor, and a stirrer with a hollow 
central shaft allowing temperature measurements and gas 
samples to be taken from the fuel bed. 

Four tuyeres are located at the base of the fuel bed to intro-
duce the steam and oxygen. Slag collects in a refractory-
lined, water-cooled hearth, and is discharged intermittently 
through a central slag tap. 

Product gas leaving the top of the reactor through a side 
offtake is quenched with recirculated liquor. Tar, that con-
denses from the gas in the cooling train, is recycled to the 
gasifier. 

The plant is fitted with computer control for startup, shut-
down and routine plant operations for data collection and 
for on-line analysis of the main process streams. 

According to Lacey and Thompson, operation of the gasifier 
was excellent over the entire pressure range; the slag was dis-
charged automatically, and the product gas was of a consis-
tent quality. At corresponding pressures and loadings the 
performance of the 200-ton-per-day gasifier was similar to 
that of the 500-ton-per-day unit previously used. 

Increasing the pressure at constant load reduced the mag-
nitude of the small variations in the gas offtake temperature, 
gas composition and pressure drop across the gasifier, and

FIGURE 1

BGL HIGH PRESSURE GASIFIER 
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the combustion zone at the bottom of the gasifier became 
more intense. It was possible to increase the coal through-
put substantially at the higher pressures, e.g., from 115 tons 
per day at 25 bar, to 182 tons per day at 65 bar with no ad-
verse effects. Unfortunately, a limitation on the high pres-
sure oxygen supplies prevented higher throughputs being 
used. 

As the pressure rises, the gas composition shows a progres-
sive increase in methane and a decrease in hydrogen and 
ethylene, while the ethane remains fairly constant. The tar 
yield as a percentage of the thy ash free coal decreases with 
pressure. Figure 2 illustrates the trend for methane. 

Samples of gas taken from the fuel bed immediately below 
the stirrer were virtually free of methane at all pressures. 
Therefore, the increased yield of methane arises from the 
hydrogenation of tar in the carbonization zone. This is con-
firmed by the changes in gas composition with pressure and 
the increased outlet temperature caused by the exothermic 
hydrogenation reactions. 
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FIGURE 2 
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The cold gas efficiency, i.e, the proportion of the fuel input 
converted to potential heat in the output gas, was above 
90 percent with no discernible trend with pressure. The 
throughput increased approximately with the square root of 
the ratio of the operating pressures. 

Potential for SNG Production 

A process route for the conversion of coal to SNG has been 
specifically designed to suit the composition of the gas from 
the BGL gasifier. Crude gas from the gasifier is cooled, tar 
is separated and recycled to the gasifier, the gas is purified to 
remove sulfur compounds and then saturated by direct con-
tact with hot water, methane is synthesized from CO and H2 
using the British Gas HICOM process. Finally, carbon 
dioxide is removed to give a pipeline quality gas containing 
more than 95 percent methane. The technical viability of 
each of these process units has been demonstrated. 

Optimization of this process requires close integration of the 
main process units. In particular, effective use has to be 
made of the heat generated in the highly exothermic 
methanation process. This has been done by British Gas in a 
series of design and costing studies for a commercial-scale 
plant producing 250 million cubic feet per day of SNG at 32, 
56 and 80 bar pressure. The overall coal to SNG efficiency 
ranged from 74.6 to 75.9 percent for the 32 and 82 bar pres-
sure cases, with the total capital costs falling by more than 
5 percent at the higher pressure. This resulted in a reduction 
of the SNG production costs of 8 percent.

Potential for Power (',eneratlon 

A recent study by Foster Wheeler showed that an overall ef-
ficiency of 44 percent could be achieved with the BGL 
gasifier integrated with a combined cycle powerplant at 
30 bar pressure. It is unlikely that any substantial cost 
benefits will arise by operation at higher pressures because 
the required pressure of the clean gas is dictated by the gas 
turbine and the new generation of high-efficiency turbines 
will not require more than 30 bar pressure. 

Lacey and Thompson conclude that the only application in 
power generation that would benefit from operation of the 
gasifier at 70 bar is where the gas is supplied to a fuel cell sys-
tem and the high methane content is desirable. 

fin 

ICT MILDGAS PROCESS TO BE TESTED AT 24 TONS 
PER DAY 

Under a cooperative agreement with the United States 
Department of Energy, with cost sharing from the State of Il-
linois, Kerr-McGee Coal Corporation (KMCC), Southern Il-
linois University at Carbondale (SIUC), and General Motors 
Corporation, KMCC is heading a team that is developing the 
Institute of Gas Technology's (IGT) Mild Gasification 
(MILDGAS) Process for near-term commercialization. The 
process and project were reviewed by JA.L. Campbell at the 
Ninth International Pittsburgh Coal Conference, held in Pit-
tsburgh, Pennsylvania in October. 

The specific objectives of the program are to: design, con-
struct, and operate a 24-ton per day adiabatic process 
development unit (PDU) to obtain process performance 
data suitable for design scaleup; obtain large batches of coal-
derived coproducts for industrial evaluation; prepare a 
detailed design of a demonstration unit; and develop techni-
cal and economic plans for commercialization of the 
MILDGAS process. 

The PDU facility is comprised of a 2.5-foot ID adiabatic 
gasifier for the production of gases, coal liquids, and char; a 
thermal cracker for upgrading of a side stream of the coal li-
quids; a briquetting unit and calciner for the production of 
formcoke briquettes for blast furnaces and cupolas. 

Coal liquids from the PDU will be evaluated as feedstock for 
high-value chemicals and fuels by Reilly Industries, Inc. 
Reilly will also conduct separate modification operations 
such as thermal treatment with or without a Lewis acid 
catalyst, fractional distillation, and hydrotreating to produce 
specification-grade products. 

The major portion of the char produced will be used to 
produce the formcoke for blast furnaces and cupolas. The 
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formcoke for blast furnaces will be evaluated by several steel 
companies, including LTV and Armco. The formcoke for 
use in a foundry cupola will be evaluated by General Motors 
Research Laboratories. In addition, the formcoke will also 
be tested for foundry use at Pellet Technology Corporation's 
60-inch cupola. The char from the PDU will also be 
evaluated at SIUC for relative reactivity and for suitability as 
a boiler fuel in a fluidized-bed combustor.

Yields of BTX and phenols are higher from MILDGAS than 
from coke ovens. These chemical feedstocks are widely used 
as starting materials to ultimately make plastics, synthetic 
fibers, and building materials. 

MILDGAS liquids, or some fraction thereof, have potential 
for being converted into transportation fuels. The middle to 
heavy distillates can be used as a diesel fuel blending stock. 

The MILUGAS reactor operates with caking coals in a 
single fluidized bed, with a fluidization gas distributor 
designed to promote rapid mixing and dispersal of the incom-
ing coal throughout the bed of char. The fines fraction of 
the coal feed (generally -60 mesh) is fed to the entrained sec-
tion, with lower residence times sufficient for conversion of 
the smaller particles. Using this reactor configuration, IGT 
built a 100-pound per hour isothermal process research unit. 
In the course of testing and data analysis, two key items were 
discovered. First, it was found that the relationship of incom-
ing coal feed rate to the mass inventory of char in the 
fluidized bed was critical in controlling agglomeration with 
caking coals. Secondly, it was found that a minor portion of 
the char product, reheated by partial combustion, could 
supply a portion of the process heat for the fluidized bed. 

Coproduct Selection, Evaluation and Upgrading 

Because char is the major product, estimated to comprise 
about 60 to 70 percent of the total coproduct stream, its 
beneficial utilization is critical to commercialization of 
MILDGAS technology. Char upgrading studies showed that 
the MILDGAS char could be used to produce a formcoke 
with sufficient strength and an acceptable reactivity for metal-
lurgical use. 

The supply of high-quality coal tar pitch has been declining 
in the United States because of the closing of coke oven 
operations due to aging and environmental concerns. A por-
tion of the demand for this pitch is being met by imports. 
The MILDGAS pitch would require post-treatment to in-
crease aromaticity and remove heteroatoms in order to be 
acceptable for electrode binders. This may be accomplished 
either by an onstream thermal upgrading step prior to tar 
condensation or by post-condensation heat-treating and 
catalytic dehydrogenation. 

About 67 percent of the MILDGAS oils/tars are 
recoverable as soft pitch. For flat and low-slope roofing, 
coal-tar pitches are superior to asphalt in most characteris-
tics, including water resistance and a "self-healing" property. 
A possibility also exists that soft pitch could compete with 
petroleum-based bitumen for road binders. Blends of coal. 
and petroleum-based binders have been shown to have im-
proved adhesive properties, water resistance, and skid resis-
tance of highway surfaces.

The general organization of the 24-ton per day MILDGAS 
process development unit is illustrated in Figure 1. The 
facility is comprised of two major processes: one devoted to 
the mild gasification of the primary coal feed to produce 
gases, coal liquids, and char; and the other to the processing 
of char to a briquetted metallurgical coke. The two facilities 
are supported by an incineration and scrubbing facility for 
environmentally acceptable disposal of all process-generated 
gases and surplus coal liquids. 

The mild gasification system employs the IGT fluidized-bed 
reactor concept specifically configured for processing both 
caking and non-caking coals. This configuration makes provi-
sion for separate feed of coal fines to the upper entrained. 
bed section. The coarser feed fraction enters the lower 
bubbling-bed section. The bubbling-bed section is further 
divided into a lower turbulent flow section and an upper 
bubbling-bed zone. 

The heat required for raising the coal feed from pre-heat to 
pyrolysis temperature is provided from two sources: recycle 
fluidization gas from the liquids recovery is heated by com-
busting a small portion of the recycled gas; a portion of the 
char product from the fluidized bed is heated by partial com-
bustion and then the heated char is returned hot to the 
fluidized bed. 

The recovered liquids are separated during recovery into 
three fractions by successive reduction in condensation tem-
perature. Provision is also included to filter the first high-
temperature tar condensate for rejection of entrained char 
fines. It is planned to ship these liquid products offsite to lo-
cal coal tar processors for large-scale product evaluation test. 

The char processing facility is designed to produce a formed 
(briquetted) char. Char product from the mild gasification is 
finely ground and blended with the coal. The blend is then 
heated and masticated to form a matrix of the char in plas-
ticized coal binder. The hot plastic mass, which has been par-
tially devolatilized by the heating, is briquetted. The bri-
quettes are then further heated to remove volatiles and 
harden the char/coal binder matrix to yield the specification 
metallurgical coke product.



FIGURE 1 

SIMPLIFIED MILD GAS PDU FLOW DIAGRAM 
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ENCOAL PROJECT MOVES TO OPERATIONAL PHASE 

The ENCOAL mild coal gasification project, selected for 
funding in the third round of the United States Department 
of Energy's (DOE) Clean Coal Technology demonstration 
program, has been give the authorization to proceed with 
full-scale operation. DOE signed the continuation applica-
tion on July 17, signaling that the project had successfully 
met its pre-operation goals and was ready for a planned 
2-year test run. 

The transition to the operational phase follows design and 
construction activities that were completed 3 months ahead 
of schedule. The technology is being demonstrated at a new 
facility located at the Triton Coal Company's Buckskin Mine 
near Gillette, Wyoming. The project utilizes the Liquids 
from Coal (Lit) process, a technology initially developed by 
SGI International, a team member in the ENCOAL project. 
Shell Mining Company enhanced the technology which is 
now owned by the TEK-KOL Partnership.

The LFC process treats low-rank coal to make two products; 
one is a solid, the other is a liquid. 

The solid product, called process derived fuel, is a high-
BTU, low-moisture, low-sulfur coal that can be burned in 
powerplants and meet the strictest emission standards. The 
liquid product, called coal derived liquid, is similar in quality 
to a low-sulfur No. 6 fuel oil that can be used directly as a 
boiler fuel or as refinery feedstock to produce a variety of 
specialty fuels. 

The plant completed a 36-hour test run in June during which 
it operated at about 70 percent of its capacity. The solid and 
liquid fuels produced during the test met or exceeded the 
product specification. When fully operational, the plant will 
process 1,000 tons per day of subbituminous coal to produce 
180,000 tons of solid coal-like fuel along with 150,000 barrels 
of liquids per year. A commercial-scale plant would be 
about 10 times the size of the ENCOAL demonstration 
facility.
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Two companies have already agreed to purchase the fuels 
produced at the ENCOAL facility. Wisconsin Power and 
Light has agreed to buy about 30,000 tons of the solid fuel 
for use at its coal-fired powerplants. TEXPAR Energy Inc. 
will buy up to 135,000 barrels per year of the liquid fuel that 
it will market to industries. 

The ENCOAL project is sponsored by Shell Mining Com-
pany. Shell plans to sell its mining operations to the Zeigler 
Coal Holding Company. Zeigler has informed DOE that it 
is supportive of the Clean Coal Technology project. 

The total cost of the ENCOAL project is $72.6 million, of 
which DOE is providing 50 percent. The approval of the con-
tinuation application means that up to $10.6 million in 
federal funds will become available during the operations 
phase of the project. 

The technology is mild gasification of coal at moderate tem-
peratures and near atmospheric pressures. Coal is fed into a 
rotary grate dryer where it is heated to reduce moisture con-
tent. Dryer solids are conveyed to a pyrolyzer where all 
remaining free water is removed and a thermal action 
releases volatile gaseous material. 

Fyrolyzer solids are quenched to stop the pyrolysis reaction, 
cooled and transferred to a process derived fuel surge bin. 
Because the solids have no surface moisture, a dust suppres-
sant is added as they leave the process derived fuel surge bin 
enroute to permanent storage or shipping. 

The gas from the pyrolyzer is sent through a cyclone which 
removes particulates and is then cooled to condense the 
heavy-liquid fuel products. Most gases from the condensa-
tion unit are either recycled to the pyrolyzer with the 
remainder or burned to provide dryer and pyrolyzer heat. 
NO emissions are controlled by staged air injection in the 
com'bustor, while water-based sodium carbonate is used in a 
venturi and a horizontal scrubber to remove So 

2* 

lAKESIDE PROJECr WILL HIGHLIGHT COMBUSTION 
ENGINEERING GASIFIER 

Combustion Engineering Inc. (CE) recently received ap-
proval from the United States Department of Energy (DOE) 
to proceed with the design of a $270 million integrated coal 
gasification combined cycle (IGCC) repowering project with 
City Water, Light & Power (CWL&P) in Springfield, Illinois. 

The project, which will provide the utility with a nominal 
65 megawatts of electricity, will demonstrate a gasification 
system specifically designed for use by the electric utility in-

dustry. The use of standard boiler practices means the plant 
will be operated 

like 
a standard, pulverized coal powerplant. 

A description of the project is the subject of a paper by 
P.R. Thibeault, et at. The paper was presented at the Ninth 
U.S.-Korea Joint Workshop on Coal Utilization Technology 
held in San Francisco, California in October. 

The project, selected in Round II of DOE's Clean Coal Tech-
nology Program, is scheduled to last 126 months, including a 
5-year demonstration period. The project timetable is given 
in Figure 1. DOE will fund 48 percent of the project cost, or 
$129.4 million. CWL&P, the State of Illinois, and CE will 
fund the rest. 

According to the paper, the most important aspect of the CE 
system is that it does not require an oxygen plant. Instead, it 
will use CE's air-blown gasification technology. This technol-
ogy is simpler and less expensive than an oxygen-blown 
plant, because the system eliminates the need for an oxygen 
plant and uses a hot gas cleanup technology instead of the 
traditional low-temperature gas cleaning equipment. The 
result will be a lower cost of energy. 

The CE process at CWL&P will use an entrained flow, two. 
stage, slagging-bottom gasifier. Some of the coal and all of 
the unburned carbon and ash (char) is fed to the combustor 
section while the remaining coal is fed to the reductor sec-
tion of the gasifier. 

The coal and char in the combustor mix with air and the 
fuel-rich mixture is burned, creating the high temperature 
necessary to gasify the coal and to melt the mineral matter. 
The slag flows through a slag tap at the bottom of the com-
bustor into a water-filled slag tank where it is quenched and 
transformed into an inert, vitreous, granular material. This 
slag is nonleaching. 

The hot gas leaving the combustor enters the second-stage 
reductor. In the reductor, char gasification occurs along the 
length of the reductor zone until the temperature falls to a 
point where the gasification kinetics become too slow. 

Nearly all of the liberated energy from the coal that does not 
go into producing fuel gas is collected and recovered with 
steam generating surface either in the walls of the vessel or 
by conventional boiler convective surfaces in the back pass of 
the gasifier. 

The char is carried out of the gasifier with the product gas 
stream. The char is collected and recycled back to the 
gasifier, where it is completely consumed. 

The product gas then enters a desulfurization system where 
it is cleaned of any sulfur compounds present in the fuel gas.



FIGURE 1 

COMBUSTION ENGINEERING IGCC REPOWERING PROJECT 
--SCHEDULE AND BUDGET 
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Char Removal/Recycle System 

The char removal system will improve the IGCC's efficiency 
by removing the char in the product gas stream and return-
ing it to the gasifier. Two particulate removal devices will 
operate in series. The first  is a cyclone which is followed by 
a barrier filter. The cyclone removes the larger size par-
tides, while the barrier filter removes the rest. 

The char collected from the product gas stream is repres-
surized and fed back into the gasifier. Transport gas is used 
to convey the char to the gasifier. 

Hot Gas Cleanup 

The project will include the design and demonstration of a 
system developed by General Electric's Environmental Serv-
ices Inc. (GE), shown in Figure 2. 

The system will feature a moving-bed zinc ferrite sulfur 
removal system downstream of the gasifier. CE intends to 
use the GE moving bed, zinc titanate moving bed, hot gas 
desulfurization and particulate removal system currently

being piloted by GE. The process data from the pilot test 
will be used to design a full-scale system at CWL&P. 

The hot gas cleanup system will use the lull fuel gas flow at 
20 atmospheres pressure with an outlet temperature that will 
range from 850 to 1,150°F. GE's moving-bed process in-
cludes the regeneration of a sorbent material. 

The scaled-up version of the GE system is expected to 
achieve:	 - 

- Greater than 99 percent overall sulfur removal at 
full gasifier operating conditions 

- A reduction of concentrated particulates to levels 
acceptable for gas turbine and new source perfor-
mance standard requirements 

- Minimized net consumption of sorbent 

- Production of an S02-rich tailgas suitable for con-
version to sulfuric acid, elemental sulfur or disposal 
waste
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FIGURE 2 

SULFUR REMOVAL SYSTEM 
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Burning Low-BTU Gas In Today's Gas Turbines 

At the CWL&P plant, the gasifier's low-BTU gas will be 
burned in a standard General Electric Frame 6 gas turbine, 
modified for low-BTU gas. The turbine will fire natural gas 
during startup. 

According to the paper, new gas turbine combined cycles 
firing natural gas can operate on clean fuel at 54 percent 
(LHV) net thermal efficiency. Given this level of perfor-
mance, a 7,900 BTU per kilowatt-hour (HHV) heat rate can 
be demonstrated with IGCC technology. The CE perfor-
mance projections in Table 1 incorporate current generation 
combined cycle technology. 

The IGCC process at CWL&P will separate the ash as an in-
ert slag, convert virtually all the carbon in the gasifier, and 
remove 99 percent of the sulfur. Most conventional turbines 
require only burner modification for use in an 1(1CC system. 

For the CE air blown system, air extraction is provided to al-
low the fuel to pass through the standard turbine without

raising the pressure above the compressor surge margin. 
The air extracted is used to pressurize the gasifier, which also 
maintains balanced turbine flows. 

Combined Cycle Operation 

The integrated gasification combined cycle system at 
CWL&P will have two major equipment blocks, as shown in 
Figure 3 (page 9): 

- The air-blown gasifier, including coal preparation 
and feed, gasification and gas cleanup 

The combined cycle plant, which includes the gas 
turbine to produce electricity; and exhaust heat 
recovery boilers, which power traditional high ef-
ficiency steam turbines that generate additional 
electricity 

As each major equipment section is completed, it will be 
brought on line to produce power. To facilitate startup of 
the 1(1CC, the combined cycle equipment will be installed, 
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TABLE I 

COAL GASIFICATION COMBINED CYCLE 
POTENTIAL PERFORMANCE 

Steam Turbine (MW) 100 
Gas Turbine (MW) 150 
Plant Auxiliary Power (MW) 15 
Total Net Power (MW) 235 
Net Plant Heat Rate (BTU/KW-HR) <8,000 
SO Emissions 
Nd Emissions

(LB/MMBTU) •c0.1 
(LB/MMBTU) <0.1 

Particulate Emissions (LB/MMB'IlJ) <0.03

checked out, and brought into commercial service first. The 
complete operation of this equipment will make the plant a 
combined-cycle fired on natural gas. 

The other major block of equipment will be the fuel gas is-
land, including the gasifier and hot gas cleanup equipment 
sections. When this equipment is put into operation, the 
plant will be a complete integrated coal gasification com-
bined cycle plant.

#9## 

AND K-FUEL PROCESSES PURSUE 
,JOII'fl' DEVELOPMENT 

ThermoChem, Inc. and K-Fuels Partnership will pursue a 
joint development project that integrates two clean coal tech-
nologies. The project demonstration will be conducted at 
the Caballo Rojo Mine near Gillette, Wyoming. Co-locating 
the ThermoChem process with the K-Fuels plant enhances 
both the environmental performance and economies of the 
demonstration. 

ThermoChem was selected in Round IV of the United States 
Department of Energy (DOE) Clean Coal Technology 
Program to demonstrate pulse combustion in an application 
for steam gasification of coal. DOE and ThermoChem have 
completed negotiations for a cooperative agreement. DOE 
will fund 50 percent of the project cost, or $18.6 million of 
the total estimated cost of $373 million. 

Originally, the ThermoChem process was slated for 
demonstration in Springfield, Oregon, but DOE approved 
the site change when ThermoChem decided that integrating 
the process with the K-Fuels process would be a mutually 
beneficial technology exchange. None of the DOE funds will 
be used for the K-Fuels plant. The total estimated cost for 
the integrated clean coal plant is $88 million.

K-Fuels applied for funding in Round IV, but was not 
selected by DOE. The partnership has received an 
$11.7 million low-interest loan from the State of Wyoming to 
develop the K-Fuel technology. In addition, private inves-
tors have reportedly invested about $47 million in K-Fuels 
Partnership. 

Heartland Fuels, Inc., a subsidiary of Wisconsin Power and 
Light Company (WPL), has purchased the exclusive rights to 
sell K-Fuels in North America. Heartland and K-Fuels 
formed a joint venture in January with the aim of integrating 
the K-Fuels and ThermoChem processes. Heartland, in con-
junction with ENSERV, another WPL-affiliated company, 
will build and operate the integrated K-Fuel/ThermoChcm 
facility. 

ThermoChem's objective is to successfully demonstrate a 
clean coal technology known as the PulseEnhanced Coal 
Gasifier. This technology was initially developed by 
Manufacturing and Technology Conversion International 
(MTCI). 

PulseEnhanced steam reforming technology produces a high-
grade, medium-BTU, hydrogen-rich fuel gas and steam. The 
K-Fuel plant will use the steam as input to its process, while 
the fuel gas will be used in a nearby cogeneration plant to 
produce power. The ThermoChem coal gasifier will, in turn, 
accept hydrocarbon-laden waste water, excess vent gases and 
coal fines not used by the K-Fuel process as inputs for its 
steam reforming/gasification process. 

Wisconsin Power and Light will use the K-Fuel enhanced 
coal product to produce commercial power and the gasifica-
tion and beneficiation technologies demonstrated as an in-
tegral part of its Clean Air Act compliance strategy. 

Pulse Combustion 

Pulse combustion is the generation of controlled high-energy 
oscillations of a combustion process. Using passive means, 
in the form of aerodynamic valves coupled with specific com-
bustion chamber and exhaust tube design, the pulse combus-
tor generates an acoustic oscillation within the combustion 
process. This results in enhanced combustion performance 
resulting in many synergistic process benefits. 

Pulse combustion benefits can be summarized as: 

- Higher efficiency through the increased ability to 
transfer heat into a surrounding medium 

- More uniform temperature profile, resulting in 
lowered overall emissions 

- The ability to directly fife liquids or solids, in addi-
tion to natural or synthetic fuel gas 
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FIGURE 3 

CE IGCC FLOW DIAGRAM 
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PulseEnhanced Steam Reforming 

As an introduction to the basic steam reforming/gasification 
process to be applied in TherinoChem's project, Figure 1 
presents a basic schematic for the PulseEnhanced steam 
reforming, gasification process. A series of multiple 
resonance tube pulse combustors immersed in a fluid bed 
steam reformer provide indirect heat to the bed. Steam for 
fluidization and reforming reactions is supplied to the bed 
from a waste heat boiler and fed through a superheater. 
Product (coal) gas never comes in contact with the pulse com-
bustor waste stream (flue gas), hence both processes can be 
optimized for their own best efficiency and emission charac-
teristics. Completing the process, the product gas produced 
is cleaned and cooled through the use of a cyclone and one 
or more wet or dry scrubbers.

As a result of the separation of the pulse combustors as a 
primary heat source from the steam reforming process, both 
high efficiency and low inherent emission levels are achieved, 
along with a higher BTU gasification product. 

The high heat transfer coefficients, 5 to 7 times greater than 
other indirectly heated gasifier concepts, exhibited by the 
multiple resonance tube pulse combustor minimizes the 
amount of required heat transfer surface. This results in 
higher throughput and/or lower capital equipment cost. 

An overall mass and energy balance is presented in Table 1 
(page 11). 

The raw coal feed is 300 thy tons per day, equivalent to 
300 million BTU per hour. Product gas with a heating value 
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FIGURE 1 
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of nearly 173 million BTU per hour is exported, resulting in 
a cold gas efficiency of nearly 58 percent. Saturated steam at 
535 psig and 1,150 psig is also exported for use on-site by the 
adjacent beneficiation plant. The overall demonstration 
plant efficiency (based on both product gas and steam ex-
port) is about 80.9 percent. 

K-Fuel Process 

K-Fuel is a clean coal product derived using a patented 
process which upgrades low-rank, high-moisture (peat, lig-
nite and subbituminous) coals to a thy, stable and energy en-
riched state. K-Fuel is a transportable product with sig-
nificantly higher heating values than in its original state: ap-
proximately 12,000 BTU per pound versus 8,000 BTU per 
pound. The K-Fuel process uses steam under pressure to 
produce K-Fuel along with coal fines, waste water and sour 
gas. 

Reject heat from the ThermoChem steam reformer is used 
to generate the steam needed for the K-Fuel portion of the 
process. And, synergistically, the PulseEnhanced steam 
reformer uses the reject coal fines, waste water and sour gas 
from the K-Fuel processors as its inputs for the reforming 
reactions.

,fl#

COMBINED MILD GASIFICATION AND PFBC 
PROJECT PROPOSED FOR NORTH DAKOTA 

Minnesota Power has announced a proposal to build a 
$330 million, 160-megawatt powerplant to demonstrate the 
integration of two power generation technologies: mild 
gasification and pressurized fluidized bed 'combustion 
(PFBC). The proposed project will be built adjacent to the 
Milton R. Young station about 4 miles south of Center, 
North Dakota. 

Project sponsors have submitted a funding proposal to the 
United States Department of Energy (DOE) requesting 
$146 million in Round V of DOE's Clean Coal Technology 
Program. Minnesota Power will contribute $136 million to 
the project and receive the 160 megawatts of power 
produced. 

BN1 coal, a subsidiary of Minnesota Power, will provide 
$5 million and will supply 1 million tons of lignite to the 
plant annually. The State of North Dakota will fund 
$19 million of the project cost through revenue bonds 
financed by a severance tax on coal and set aside for lignite 
research and development. The remaining $24 million will 
come from Babcock & Wilcox, the plant's prime contractor 
and a developer of the technology. 

The Minnkota Power Cooperative, based in Grand Forks, 
North Dakota, will operate the plant. Plans call for the plant 
to be operational by 1997, pending DOE approval expected 
by May of 1993. 

According to A. Harmon of Minnesota Power, the 
demonstration plant will be called an "integrated gasifica-
tion, high-efficiency, pressurized fluidized bed." This state-
of-the-art boiler can reduce sulfur dioxide and nitrogen oxide 
emissions by up to 95 percent over systems currently in use. 
In addition, the increased efficiency of this type of boiler will 
reduce CO  emissions. 

What makes this clean coal project different is the marriage 
of two leading-edge coal technologies—a high pressure 
fluidized bed boiler and a coal gas generator. Together they 
can convert lignite into electricity substantially more effi-
ciently than existing commercial powerplants, says Harmon. 

In addition, the gas generator produces a commercial lignite 
byproduct char, which can be used in filtering air toxics such 
as emitted by municipal waste burners. 

The University of North Dakota's Energy and Environmen-
tal Research Center will play a major supporting role in per-
fecting the new technology and uses of production 
byproducts. The system's fluid bed process burns lignite at 
lower temperatures so nitrous oxide does not form as it does 
when coal is burned at higher temperatures. 
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TABLE 1 

MASS AND ENERGY BALANCE 

Mass Enthalpy HHV 
(lb/hr) (KBTU/hr) (KBTtJ/hr) 

Input 
Coal 35,714 300,000 300,000 
Process Water 52,191 31,943 6,741 
Boiler Feed Water 73,929 15,007 
Vent Gases 5,582 16,486 15,094 
Combustion Air 127,044 0 

Total 294,460 363,436 321,835 

Output 
Product Gas Export 31,250 188,352 187,834 
Steam @500 psi 33,202 41,466 
Steam @ 1150 psi 49,726 64,296 
Sulfur 332 1,322 1,322 
Char/Ash 2,817 16.958 16,095 
Solids from Scrubber 232 1,742 1,738 
Water from Venturi Scrubber 17,489 739 
Condensate from H2S Remover 1,450 48 
Flue Gas to Stock 157,916 17,766 
Heat Rejected in Cooler 24,117 
Heat Losses 6,630 

Total 294,414 363,436 206,989 

Mass and Energy Closure 100.00% 
Cold Gas Efficiency 57.6% (HHV Gas - HI-tV Vent 

Gas)/HHV of Coal 
Overall Thermal Efficiency 80.9%

The proposed demonstration project will provide up to 
500 construction jobs during the construction period, up to 
60 permanent jobs at the plant and BNI mine, and up to 
250 indirect jobs.

#11#1 

CORDERO MINING DROPS CARBONDRY PROCESS 

Cordero Mining Company, the sponsor of one of the nine 
projects selected in the fourth round of the United States 
Department of Energy Clean Coal Technology Program, has 
withdrawn its proposal from further negotiation. 

Cordero Mining Company of Gillette, Wyoming, had 
proposed to demonstrate the CarbonTech Carbondry 
Process, a two-stage coal drying process designed to upgrade 
high-moisture, low-rank coals into higher value fuels that

could be used in power generation facilities. The project was 
to be built near Gillette, Wyoming. Its estimated $35 million 
cost was to have been shared equally by the company and the 
United States Department of Energy. 

In withdrawing the project, Cordero cited the findings of a 
recent feasibility study which updated the technical and 
economic information presented in the original proposal. 
The report concluded that while the project would be a suc-
cessful technical demonstration of the technology, the coal 
drying plant would be unlikely to operate profitably in the 
near future. New management at the company therefore 
decided it could not go forward with the project at this time. 

Of the nine projects selected last September, three are under 
cooperative agreement, and two have completed nego-
tiations and are being reviewed by Congress. 

A statement from Sun Company, Cordero's parent company, 
says that it will explore various "strategic alternatives" for its 
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coal and cokemaking assets, including sale of all or some of 
the assets, joint venture operation and other options. 

Sun's chairman, R.H. Campbell, said, "We believe the fun-
damentals of the low-sulfur coal industry will improve due to 
Clean Air Act Amendments that reduce allowable sulfur 
dioxide emissions from coal-burning utilities. However, we 
also believe that the full strategic value of our coal and coke 
assets may be best recognized by a company devoted to the 
coal and coke business for the long term? 

The Carbondry process technology has been demonstrated at 
CarbonTech's coal drying pilot plant at Bismarck, North 
Dakota. More than 1,500 tons of subbituminous Wyoming 
coal and North Dakota lignite have been successfully 
processed at this plant, including coal from six Wyoming Pow-
der River Basin mines. 

For a detailed description of the process, see the Pace 
jjc Fuels Report, September 1992, page. 

Cordero had planned to build the commercial 250,000-ton-
per-year plant at its mine near Gillette. Near-term future 
plans had called for an expansion of the project to a 
1 million-ton-per-year plant, with long-term plaits to produce 
4 million tons per year of upgraded coal.

Overview 

The Pinon Pine 1(3CC is similar to, and improves upon, first 
generation 1(3CC technology in several aspects. The Pinon 
Pine project integrates a number of technologies fostered by 
DOE. Among these are the KRW Energy Systems fluidized-
bed gasifier, with in-bed desulfurization, using limestone sor-
bent, and zinc ferrite (or zinc titanate) sulfur removal from a 
hot fuel gas stream. SPP believes the project's pressurized, 
air-blown fluidized-bed gasification technology with hot-gas 
cleanup may provide an attractive alternative for new electric 
generating plants. 

Air-blown gasification offers several potential advantages 
over commercially available oxygen-blown systems: 

- Lower capital cost by eliminating the need for an 
oxygen plant 

- Higher plant efficiency and lower capital costs by 
eliminating oxygen plant power consumption 

- Inherent control of nitrogen oxide emissions which 
may eliminate the need for a two-stage combustor 
or selective catalytic reduction 

Hot gas cleanup is an attractive alternative to "cold" or "wet" 
chemical cleanup and offers several potential advantages: 

Hot gas sorbents can operate city, thus eliminating 
the need for wastewater treatment 

PINON PINE PROJECT TO BE FIRST COMMERCIAL 
TEST OF KRW PROCESS 

Sierra Pacific Power Company (SPP) plans to build an in-
tegrated coal gasification combined cycle (LGCC) 
powerplant, burning 800 tons per day of Western coal to 
produce 80 megawatts of electrical power at a high capacity 
factor. The project, named the Pinon Pine Power Project, 
was selected by the United States Department of Energy 
(DOE) for funding under the fourth round of the Clean 
Coal Technology Program and will be constructed at SPP's 
existing Tray powerplant site which is located east of Reno, 
Nevada. 

A Cooperative Agreement for the project was completed in 
July 1992 and will provide for approximately $135 million of 
funding from the government—SO percent of the expected to-
tal project cost of $270 million. 

Foster Wheeler USA will provide engineering, procurement, 
and construction management for the new facility. The 
M.W. Kellogg Company will design the gasifier island using 
theft air-blown Kellogg-Rust-Westinghouse (KRW) technol-
ogy incorporating hot gas cleanup. A paper summarizing the 
project was presented by J.W. Motter of SPP at the First 
Annual Clean Coal Technology Conference held in 
Cleveland, Ohio in September.

The city cleanup processes are generally more 
familiar to the utility industry than wet chemical sys-
tems 

In addition, the components of the simplified 1(3CC are 
modular and fewer, thus providing better economy at small-
plant sizes. 

The demonstration of the advanced 1(3CC technology will 
include actual integration of the gasifier with a combined 
cycle powerplant. This step is being taken in order to 
evaluate the adequacy of integrated control concepts and 
measure actual performance of a complete power generation 
system on a utility grid. The modular concept of the 
proposed technology will provide information directly ap-
plicable to other commercial plants. 

Process Description 

The two major components of the plant are the gasification 
island and the power island. Figure 1 presents a schematic 
diagram of the project. 

In the gasification island, crushed and sized coal and lime-
stone are metered via loclthoppers and fed pneumatically 
through a central feed tube in the bottom of the gasifier. 
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The temperature of the bed is controlled by metering the air 
and steam into the gasifier's central jet. The coal/limestone 
bed is maintained in a fluidized state in the gasifier via gas 
recirculation. Combustion of char and gas occurs within the 
bed to provide the heat necessary for the endothermic reac-
tions of devolatilization, gasification, calcination, and desul-
furization. Ash and spent limestone are removed from the 
bottom of the bed. 

The coal gas leaving the gasifier passes through a cyclone to 
remove the majority of the particulate matter, which is 
returned to the fluidized bed. The gas leaving the gasifier is 
cooled to about 1,050°F before entering the hot-gas cleanup 
section. 

A ceramic candle filter removes essentially all the remaining 
particulate material prior to the clean gas entering the sulfur

sorbent bed. Here nearly all the remaining sulfur com-
pounds are removed in a fixed bed of zinc ferrite sorbent. 
The zinc ferrite is subsequently regenerated with steam and 
air. This process sends the regenerator gas stream to the sul-
fator where the sulfur reacts with fresh limestone and air to 
form calcium sulfate, which exits the system along with the 
coal ash in a form suitable for landfill. 

In the power island, the clean coal gas is sent to a Weátin-
ghouse CW251 B12 combustion turbine, which is coupled to 
an electric generator designed to produce approximately 
56 megawatts (gross). Special inlet vanes on the turbine will 
accommodate the extra mass flow produced by the low-BTU 
gas (as low as 90 BTU per standard cubic foot). 

The heat recovery steam generator receives high pressure 
steam slightly above saturation and uses the exhaust gas 
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bine generator, a gas cleanup system; a heat recovery steam 
generator, all necessary coal handling equipment; and an a-
isting plant steam turbine and associated equipment. 

from the combustion turbine to superheat the steam. The 
steam is heated to 900°F and 900 psig for expansion in a 
non-reheat steam turbine to produce approximately 
30 megawatts (gross). 

The 42-month demonstration period is scheduled to begin in 
1997. The plant will then be operated commercially and 
serve as a prototype module for other utilities. 

flu 

ENGINEERING OF WABASH RIVER GASIFICATION 
PROJECT TO BE COMPLETED IN 1993 

Detailed engineering for the Wabash River Coal Gasifica-
tion Repowering Project will be complete in 1993, according 
to D.G. Sundstrom of Destec Energy, Inc. Construction is 
scheduled to begin in Early 1993 with startup in early 1995. 
Sundstrom presented an update of the project at the First 
Annual Clean Coal Technology Conference held in 
Cleveland, Ohio in September. 

The Wabash River Project will repower a 29-year old steam 
turbine generator, more than doubling its power output and 
helping it to comply with new Clean Air Act requirements. 
The project was selected for funding under Round IV of the 
United States Department of Energy (DOE) Clean Coal 
Technology Program. 

The total estimated cost of the 5-year project is $396 million, 
of which DOE will fund 50 percent. The cooperative agree-
ment was signed in July, following 9 months of negotiations. 

The Wabash River Project is a joint venture of Destec 
Energy, Inc. of Houston, Texas and PSI Energy, Inc. of Plain-
field, Indiana. Coal gasification technology, originally 
developed by The Dow Chemical Company and owned by 
Destec, will be used to repower one of six units at PSI's 
Wabash River Generating Station in West Terre Haute, In-
diana. The coal gasification combined cycle (CGCC) 
powerplant will produce a nominal 270 megawatts of 
electricity. The project will use locally mined high-sulfur 
coal. Upon completion, the project will be the largest 
CGCC powerplant in operation in the United States. 

Project Description 

The project will demonstrate the commercial application of a 
CGCC system by the repowering of an existing reheat steam 
turbine. The CGCC system will consist of Destec's oxygen-
blown, two-stage, entrained-flow coal gasifier which is 
capable of utilizing high-sulfur bituminous coal; a gas con-
ditioning system for removing sulfur compounds and particu-
lates; systems or mechanical devices for improved coal feed; 
a combined-cycle power generation system, wherein the con-
ditioned synthetic fuel gas is combusted in a combustion tur-

The demonstration will result in a combined cycle 
powerplant with low emissions and high net plant efficiency. 
The net plant heat rate for the new, repowered unit will be 
8,740 BTU per kilowatt-hour, representing a 21 percent im-
provement over the existing unit while cutting SO  by 
greater than 90 percent and NO, emissions by greater than 
85 percent. As a comparison, the typical heat rate for a con-
ventional pulverized coal-fired unit with stack gas scrubbing 
is about 10,500 BTU per kilowatt-hour. A schematic of the 
proposed project is presented in Figure 1 (next page). 

The operation phase of the project will be 36 months. 
During the operation period, it will be demonstrated that the 
CGCC system is ready for commercialization for either a 
repowering application or a grass-roots powerplant. The 
Wabash River Generating Station presently has six genera-
ting units at the station. Unit 1, to be repowered for this 
project, is a 'nominal 100-megawatt Westinghouse reheat 
steam turbine which was put into service in 1953; it will be 
rated at 105 megawatts in the repowering configuration. The 
demonstration project will add an additional 166 megawatts 
of effective generating capacity for PSI. 

The technology, which relies on gasified coal, will produce as 
much as 25 percent more electricity from a given amount of 
coal than conventional coal-burning methods. The 
powerplant will burn 2,544 tons of coal per day. 

The low emissions of the plant and its environmentally safe, 
salable byproducts make this an effective Clean Air Act com-
pliance strategy for utilities. Wabash River is one of the 
110 "Phase 1" plants that must reduce SO emissions by 1995 
under the Clean Air Act Amendments of 1990. 

NEGOTIATIONS COMPLETED FOR AIR PRODUCTS 
COAL-TO-METHANOL PROJECT AT COOL WATER 

The United States Department of Energy (DOE) has com-
pleted negotiations with Air Products and Chemicals, Inc. of 
Allentown, Pennsylvania for funding of a commercial scale 
demonstration of an advanced technology for producing 
methanol from coal-derived synthesis gas. 

The project was selected in the third round of competition of 
DOE's Clean Coal Technology Demonstration Program. 
Successful negotiation of terms for the project, which was 
moved from its originally proposed site at Dakota Gasifica-
tion Company's Great Plains Synfuels Plant in Beulah, North 
Dakota, marks the completion of agreements for all projects 
selected in the third round of the program. 	 - 
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FIGURE 1 

WABASH RIVER CGCCREPOWERING PROJECT SCHEMATIC 
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The technology will be demonstrated at the Cool Water 
Gasification facility located in Daggett, California, which was 
the site of the United States' first large-scale coal gasification 
combined cycle demonstration plant. The Cool Water 
facility is being purchased by Texaco Inc. from Southern 
California Edison Company. The methanol production tech-
nology will be integrated with the existing combined cycle 
powerplant at the site. 

The successful demonstration of this technology will cul-
minate more than 10 years of DOE-sponsored research and 
bench-scale tests on the coal-to-methanol process. The liq-
uid phase methanol synthesis process was developed at a 
pilot facility in LaPorte, Texas. 

The liquid phase methanol synthesis process is more efficient 
than the conventional gas phase process and is better suited

for processing the gases produced by modem coal gasifiers. 
Producing methanol as a coproduct in combined cycle coal 
gasification facilities has distinct advantages. The gasifier 
can be run continuously at its most efficient level. During 
periods of low power demand, synthesis gas made by the 
gasifier would be convened to methanol for storage. At 
peak power demand, this methanol could be used to supple-
ment the combustion turbine, thus lowering the size of the 
gasifier that would be required if the gasifier alone had to 
meet peak electrical demand. 

The methanol produced in the demonstration will be tested 
both on-site at the Cool Water facility, and in off-site boiler 
and transportation applications, including bus and van pool 
tests in the Los Angeles, California and Charleston, West 
Virginia areas. 
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Air Products, which plans to offer the commercial liquid 
phase methanol system to utilities on an own-and-operate 
basis, will oversee all aspects of the methanol synthesis 
project. The total estimated cost for the demonstration 
project is $213.7 million. DOE will provide 43 percent of the 
funding for the project, $92.7 million, with the remaining con-
tribution coming from the private industry participants and 
from revenue generated by the sale of the produced 
methanol. 

Preliminary engineering and permitting for the project has 
already begun. Construction on the project should begin in 
late 1993, followed in early 1995 by a 4-year operation and 
test period. 

By demonstrating the commercial viability of this coal-to-
methanol process and deploying it as a part of future, highly-

efficient, coal gasification powerplants, a source of 
competitively-priced, clean-burning methanol can be 
provided from abundant domestic coal resources. 

The project will produce 150 tons per day, or 12 million gal-
lons per year, of coal-derived methanol. Up to 50 percent of 
the Cool Water synthesis gas stream will be diverted to the 
liquid phase methanol unit. 

A schematic representation of the process is shown in 
Figure 1. 

The Texaco coal gasifier will produce synthesis gas from coal 
and sewage sludge feedstocks. The produced methanol will 
have a purity of 97.5 percent. 
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CORPORATIONS 

ENERGY AND ENVIRONMENTAL RESEARCH CENTER 
TO FORM COAL BRIQUETHNG CONSORTIUM 

The University of North Dakota's Energy and Environmen-
tal Research Center (EERC) is planning to establish a con-
sortium of interested companies and consultants to increase 
coal development and utilization by initially applying ad-
vanced coal briquetting techniques as part of an overall coal 
agglomeration strategy. 

Presently, three major areas in coal development are envi-
sioned to derive the greatest benefit from cost-effective bri-
quetting: 

- Recovery of high-rank coal fines generated during 
coal preparation 

- Aggregation of high-rank coal ultralines produced 
in advanced cleaning systems 

- Production of stable beneficiated low-rank coals 

It is proposed that funding for the Coal Agglomeration Con-
sortium will be matched equally from client members and a 
jointly sponsored program for research and development 
which is offered by the EERC utilizing United States Depart-
ment of Energy funds. The minimum operating target for 
the consortium is $200,000 per year for 3 years. 

Briquettâng Potential 

Briquetting technologies have been undergoing substantial 
changes over the last 4 decades. The source materials for 
coal briquettes include wet and thy coal fines, ultrafmes, coal 
tailings derived from high-rank coal (anthracite and 
bituminous), dried low-rank coal, and char. Other source 
materials which can be combined with, for instance, coal 
and/or char as binders are biomass and other organic 
wastes. 

Presently, the commercial acceptance of advanced fine and 
ultrafine bituminous coal-cleaning techniques is hindered by 
the high moisture content and handling difficulties as-
sociated with the product. Drying, coupled with reconstitu-
tion by hot briquetting, is a possible method which would al-
low the clean coal to be transported with or without coarse 
coal using traditional modes of transportation. 

The product of beneflciating (e.g., by drying) low-rank coal 
also provides another source of coal briquettes. Because of 
stability issues (e.g., dustiness, propensity to spontaneous 
heating, moisture reabsorption), dried low-rank coals 
generally require aggregation unless they are to be used 
directly following drying. A stable aggregated and upgraded 
low-rank coal will overcome the difficulties associated with

shipping low-rank coals to Eastern United States markets or 
foreign markets. 

Markets 

Briquetted anthracite or bituminous coal fines would most 
likely be returned to steaming or coking stockpiles. As a con-
sequence, the processing costs for briquetting would need to 
be less than $8 per ton to be economically viable, and 
preferably less than $5 per ton. The market for stable, dust-
free, thy, low-rank coal briquettes would be domestic and for-
eign steam coal markets. 

There is heightened interest in Eastern Europe in develop-
ing "smokelesC fuels for domestic use to reduce current air 
pollution levels. Briquette fuels can be made from char by 
first pyrolyzing the coal and adding lime for sulfur capture. 
Both product and technology can be marketed. 

In Asia and Africa, significant demand exists for clean solid 
fuels for cooking and heating. The current price of charcoal 
is typically in excess of US$150 per ton. Hence it is an attrac-
tive driving force for developing a substitute charcoal 
product. 

EERC Facilities 

The EERC has substantial expertise in tableting and briquet-
ting, as well as the characterization, sizing, and drying of feed 
materials and evaluation of products. It has a Komarek-
Greaves (K-C) double-roll briquetting press with inter-
changeable rolls allowing the production of almond- and 
pillow-shaped briquettes. Facilities are available for tablet-
ing on a single-unit basis, and for evaluating the mechanical 
strength and moisture resistance of briquettes. The EERC 
has a range of combustion equipment and extensive combus-
tion and environmental emissions expertise. 

Consortium Strategy 

Hot briquetting at higher pressures but lower temperatures 
than previously used offers significant potential for produc-
ing a quality product without a binder, irrespective of rank. 
This concept of hot briquetting has been under development 
over the last few years, but it requires further demonstration 
with a wider selection of coals. 

The EERC proposes to construct a drying facility coupled to 
the K-C briquetting machine which will also be modified to 
include heated sections to begin a systematic assessment of 
binderless briquetting. 

Comparative testing of cost-effective binders to meet the 
various needs of coal briquetting clients will also be under-
taken. Applications of specific binders (such as lime) to 
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reduce sulfur dioxide and NO emissions on the combustion 
of the briquettes will require strength, durability, and com-
bustion performance testing. The EERC will set up a fully 
instrumented hot-combustion stoker and stove facility to 
monitor systematically for gaseous and particulate emissions. 

The EERC would conduct briquette formulation and evalua-
tion tests on a minimum of four coals per year chosen by the 
consortium participants. The briquette formulation tests 
would include the optimum conditions for feedstock size, 
moisture, binder type and concentration (where

appropriate), and processing conditions for cold and/or hot 
briquetting. 

The evaluation tests would include drop strength, tumble, 
compressive strength, moisture resistance, density, and com-
bustion performance. The combustion testing would involve 
analyzing for specific environmental emissions. The long-
term objective is to develop correlations between desired bri-
quette characteristics, briquette preparation parameters, and 
fundamental coal characteristics. 

fin 
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ECONOMICS 

IGCC PLANTS STILL NEED COST REDUCTIONS TO BE 
COMPETITIVE 

Several large integrated gasification combined cycle (1(3CC) 
projects at a number of locations around the world are either 
in operation, under construction, committed or planned. 
However, all of these projects are subsidized in some way by 
governmental organizations, because the technology is not 
yet truly competitive. Successful operation of these plants 
will provide the technical foundation for broad market 
penetration of coal gasification for electricity production in 
the future. In addition, a number of non-technical issues are 
currently limiting market penetration. 

The commercialization of 1(3CC technology was evaluated 
by R. Walk of the Electric Power Research Institute in a 
paper he presented at the 11th Conference on Gasification 
Powerplants held in San Francisco, California in October. 

According to Walk, environmental pressures have caused 
other forms of coal-fired generation to become cleaner, but 
none of these technologies can reduce emissions to the level 
achieved in IGCC plants at lower costs. 

Because coal is the most plentiful and geographically diverse 
fossil fuel in the world, it will continue to play a large role in 
electricity generation. As the world continues to increase the 
proportion of electricity in the energy ink, the need for coal 
fired generation will also increase. 

Coal gasification must present a superior alternative to the 
market place if it is to become the coal-fired generation of 
choice. The key is to offer technology that results in the 
lowest cost of electricity, says Walk. This means that capital 
costs must be reduced, efficiency improved and the ability to 
minimize emissions maintained with technology which is 
operable in a utility environment. 

The United States Utility Industry 

This is the beginning of a period of enormous change for 
electric utilities in the United States. These changes are 
driven by increased competition, which has forced many 
utility companies to reduce their costs. 

The new Clean Air Act Amendments of 1990 are forcing the 
industry to direct capital to the addition of back-end cleanup 
capability to existing units. The timing of the planning 
process is such that decisions are being made now for 
Phase I compliance. It is not clear that 1(3CC demonstra-
tions will be complete in time to allow for incorporation in 
Phase II compliance planning. 

Current projections of load growth average only about 
2 percent annually. With the industry in rapid transition

toward an uncertain future, there is not a great deal of com-
mitment to add new generation of any type, and little current 
incentive for many companies to consider the risks inherent 
in new technology. Wolk says that better incentives must be 
developed by the supplier industry so that utilities will be 
able to focus their attention on the rewards of new technol-
ogy. 

Cost of Electricity from DXC and Gas-Fired Plants 

Coal prices have historically remained below other fossil 
fuels and have been relatively stable. The low current prices 
for natural gas and the minimal emissions that result from its 
use favor its selection as the fuel for new powerplants. 
However, the electricity industry has experienced previous 
cycles of wide swings in natural gas prices and its availability 
for power generation. Price volatility gives the industry 
reduced confidence that it can continue to plan for a future 
based upon expansion of gas-fired generation. 

Figure 1 shows how the breakeven cost for coal-fired genera-
tion versus natural gas-fired combined cycle generation 
varies as a function of required return on investment, 
gasification powerplant cost, and natural gas prices. Lower 
capital costs, lower return on investments, and higher natural 
gas prices favor the selection of coal-fired generation. 

The route to significant cost reduction is through optimized 
flowsheets which utilize equipment that is performing at its 
maximum capability, says Wolk. Gasification reactor 
throughputs per unit volume of reaction zone keep increas-
ing as gasification technology vendors gather experience. 
Single gasifiers with throughputs of over 2,500 tons per day 
are now matched with gas turbines with ratings approaching 
200 megawatts. Within S to 10 years, further increases in the 
capacities of both systems should allow single-train com-
bined cycle designs in excess of 350 megawatts. 

The qualification of less expensive fire tube boilers for use 
with all gasification technologies, would allow significant cost 
reductions in overall capital costs. Significant progress also 
has been made in hot gas particulate removal systems which 
will reduce downstream processing costs and which are a 
precursor to the successful development of hot gas desul-
furization systems. The latter may also allow higher ef-
ficiencies which, in turn, lowers the cost of electricity. 

Over the past few years, adoption of the integrated approach 
has led to significant increases in efficiency and reduction in 
cost. Several approaches will be tried in the next round of 
demonstrations in which the amount of air supplied by the 
gas turbine compressor to the oxygen plant is fixed at dif-
ferent levels in attempts to balance operating complexity 
against increased efficiency. 
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FIGURE 1 

GASIFICATION COMBINED CYCLE VERSUS NATURAL GAS COMBINED CYCLE 
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The demonstration program in the United States is being 
complemented by a similar program in Europe. Table 1 lists 
the major lull size demonstrations that are scheduled to be 
in operation by 1996. These will be followed by winners of 
the fifth round of the United States Department of Energy 
Clean Coal Technology Program and additional units in 
Europe, which should be in operation in 1998-2000. This 
source of development information will be supplemented by 
a number of smaller demonstrations in the United States, 
Europe and Japan. 

Environmental Rewards 

Many states have implemented or are considering using exter- 
nalities in evaluating the proposed costs of power from new 
powerplants. This approach adds costs to each proposed 
project to reflect the costs to society of its emissions. In-

be added for emissions of SO S, NO, CO2, and particulates. 
These schedules vary markedly from one st ate to another. 

vantage in the evaluation process. 

generation with coal at $335 per million BTU. 

dividual states have developed detailed schedules of costs to 

Because gasification powerplants emit less pollutants than 
any other coal-fueled option, the incremental cost penalty 
assessed is lower. This can provide a significant cost ad-

The impact of externalities on the calculated cost of 
electricity is presented in Figure 2 for a number of coal-
based technologies. The externalities associated with natural 
gas firing are much lower. In the example presented, many 
new coal-fired technologies (with coal priced at $135 per mil-
lion BTU) compete with natural gas-fired combined cycle 
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TABLE 1

FULL SCALE IGCC DEMONSTRATION PROJECTS 

Project Capacity Gasification Coal Operating 
Location MW Technology LYE Period (Planned) 

Cool Water, CA 100 Texaco Bituminous 1984-1989 
Plaquemine, LA 160 Destec Subbituminous 1987- 
Buggenum, NL 250 Shell Bituminous (1993-) 
Wabash River, IN 265 Destec Bituminous (1995-) 
Polk County, FL 265 Texaco Bituminous (1996-) 
l-lurth, Germany 300 HTW Lignite (1996-) 
Puertotlano, Spain 340 Prenflo Bituminous (1996-) 

FIGURE 2 

COST OF ELECTRICITY FROM FOSSIL POWER TECHNOLOGIES 
WITH EXTERNALITY COSTS 
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Conclusions
	 2,000 industrial boilers operated with heavy oil, adding sub-

stantially to consumption totals. 
The route to commercialization for gasification powerplant 
technology requires that investment cost be reduced sig-
nificantly to allow true economic competition with other 
coal-based options. Demonstration programs must be suc-
cessfully completed and business approaches must be 
developed that share the risks and rewards of projects with 
the utility users of the technology. 

fl## 

ALASKA COAL-WATER FUEL SEEN COMPETITIVE 
WITH HEAVYOIL IN JAPAN 

In the past decade, the use of Coal-Water Fuel (CWF) has 
been demonstrated in a number of commercial boilers. Com-
mercialization of CWF technology is being led by Japan, 
which now includes this fuel in its energy mix and has in-
itiated international trade in this new alternative coal-based 
fuel. 

The potential market for CWF was discussed by 
C.M. Anderson, et al., in a paper presented at the SynOps 92 
Conference, Opportunities in the Synfuels Industry," held in 
Bismarck, North Dakota in September. 

Advances in coal cleaning and combustion technologies have 
occurred in parallel with the development of coal-water 
fuels, complementing each other by permitting the range of 
coal-based energy options to be extended to include CWF as 
a direct replacement for oil. Deep-cleaning techniques, 
developed as part of clean coal technology for reducing both 
ash and sulfur in coal, can be readily employed as a beneficia-
tion step in the manufacture of CWF. 

CWF Market Potential 

The magnitude of the potential market for CWF can be 
gauged by the consumption levels of heavy oil by utilities for 
the production of electricity in the three largest fuel im-
porters in the Pacific Rim: Japan, Korea, and Taiwan. In 
1990, Japan produced 208 million megawatt-hours of 
electricity in its oil-fired power plants, from about 

.141 million barrels of heavy oil. Taiwan's electric utility used 
.27 million barrels of heavy oil in 1990, while Korea's con- 
sumption of heavy oil for power generation in 1990 was 
32 million barrels. The equivalent CWF to displace this 
much heavy oil would be about 80 million tons per year. 

The use of heavy oil in boilers is not limited to power 
utilities. While electric utility use of heavy oil in Korea in 
1991 was 38 million barrels, total use was over 122 million 
barrels giving an additional 84 million barrels of consump-
tion primarily in industrial boilers. Similarly, Japan had over

- 
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The economics of transporting CWF may be enhanced by 
the phasing out of single-hull oil tankers in favor of double- 
hull tankers. Because a spill of CWF poses no environmental 
threat, single-hull tankers could be used for transport. The 
eventual requirement that newly constructed oil tankers have 
costly double hulls coupled with a consequent surplus of 
capacity in the single-hull fleet could confer a significant cost 
advantage for the seaborne trade of CWF. 

CWF is an attractive substitute for heavy oil, mainly because 
the price of CWF would primarily be based upon relatively 
stable coal prices determined in the international steam-coal 
market, not upon volatile international crude oil prices. 

Commercial Demonstrations and Utilization 

CWF was first demonstrated on a commercial scale in a fully 
integrated utility demonstration project in Canada. For that 
demonstration, which came onstream in mid-1993, CWF was 
produced by Cape Breton Development Corporation at their 
CWF pilot plant in Sydney, Nova Scotia, and converted into 
on-line electrical power at the New Brunswick Electric 
Power Commission's power station at Chatham, New 
Brunswick. This demonstration involved rail movement of 
the fuel between the Sydney CWF plant and the Chatham 
power station, a distance of some 400 miles in extremes of 
climate (-35°C to +30°C). 

This demonstration was followed by one conducted at the 
Charlottetown power station, Prince Edward Island, in 
early 1987, which was the first time CWF was used in a 
tightly designed oil-fired boiler. The test was successful in 
the 20-megawatt oil-designed plant as 19.5 megawatts was at-
tained on CWF with no support from other fuels. 

In Japan, the first fully integrated utility demonstration 
project was conducted at the Nakoso power station in a 75-
megawatt capacity unit. Japan has also successfully con-
ducted a number of other commercial-scale demonstration 
projects involving the industrial application of CWF. The 
No.8 unit of 600-megawatt capacity at the Nakoso power sta-
tion is, to date, the largest boiler to be fired at least partially 
with CWF. This unit is currently fired on 50 percent oil, 
35 percent pulverized coal, and 15 percent CWF in a 
multifuel-fired system. The present shortage of CWF 
prevents the boiler from being fired 100 percent with CWF. 

In 1991, the Yanri CWM Company Ltd. a joint venture be-
tween China's Yanzhou Coal Mine Bureau and Japan's Nis-
sho Iwai and JGC Corporation, began delivering CWF made 
in China to Japanese users. The modular plant with an ini-
tial production capacity of 250 thousand tons per year is look-
ing to expand to 1 million tons per year by 1995. In addition, 
two more similar joint ventures have begun construction of 
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CWF plants in China and two more CWF joint ventures be-
tween Japan and Australia have been announced. If all of 
the expansions and new plants come onstream as planned, 
the CWF industry in Japan alone could exceed 10 million 
tons per year by the turn of the century. 

Although Japanese CWF developers may be the leaders in 
CWF technology for bituminous coals, Italy's Snamprogetti 
is right on their heels, according to the paper. In fact, due to 
the experience Snamprogetti has gained in developing a 20-
inch diameter, 262-kilometer pipeline from Belovo to 
Novosibirsk in Siberia with an ultimate capacity of over 
5 million tons per year CWF, they clearly are leaders in 
CWF pipeline technology. It has been reported that the sys-
tem is now operating at about one-sixth capacity to provide 
enough CWF to fuel one of the six 220-megawatt boilers that 
will eventually be operated at Novosibirsk. In addition, a 
500 thousand ton per year CWF plant has started producing 
CWF for a 70-megawatt boiler at Porto Tones, Sardegna, 
Italy. 

Coal Quality Considerations 

According to the authors, the following coal properties are 
preferred to yield a CWF that gives good combustion and 
trouble-free burning at the boiler front: 

- Moisture level less than 10 percent equilibrium 
moisture 

- Fuel ratio (fixed carbon/volatile matter) less 
than 1.6 

- Volatile matter greater than 30 percent 

- Free swelling index(measure of agglomerating ten-
dency) below 3 

- Ash fusion usually the higher the better 

Fuel ratio is a parameter defined by the ratio of fixed carbon 
to volatile matter, which experience has shown strongly in-
fluences combustion efficiency. For comparison purposes, 
coals with fuel ratios near 1, typical of low-rank coals, can be 
expected to display excellent combustion characteristics; 
coals with a fuel ratio in excess of 1.6 can usually be ruled 
out as unsuitable due to poor carbon burnout. 

With the exception of the equilibrium moisture level, the 
preferred coal characteristics for combustion are those of 
most low-rank coals (LRCs). Therefore, a cost-effective 
method to effect permanent moisture reduction in LRCs will 
yield a CWF with superior combustion characteristics. 

Low-Rank Coal-Water Fuels 

If commercial CWFs are to be prepared from low-rank coals, 
the inherent or equilibrium moisture must be reduced to

levels similar to those for bituminous coals. Presently, the 
most promising method for effecting a permanent moisture 
reduction in LRCs is Hot-Water Drying (I-IWO). HWD fea-
tures high-temperature/pressure, nonevaporative drying, 
which irreversibly removes much of the inherent moisture 
from LRC and allows LRCWFs to be produced with solids 
contents rivaling those obtained for bituminous CWF5, 
without the use of costly additives. LRCWFs are nonhazar-
dous, easily transportable, quasi-liquid fuels that avoid all 
the stability problems of dust generation and spontaneous 
combustion associated with the use of LRCs. 

Water is removed via expansion and expulsion by carbon 
dioxide. Devolatiized tars and oils, being hydrophobic, are 
retained on the coal surface in the pressurized aqueous en-
vironment, giving the most uniform tar distribution possible 
to seal most of the micropores and minimize water reabsorp-
tion. By retaining most of the volatile matter in the form of 
tars, the high reactivity of LRCs, as well as most of the 
energy value, is preserved. The process also effects a reduc-
tion of sodium which is a major cause of slagging and fouling 
problems associated with LRC combustion. 

The technical feasibility of HWD has been demonstrated in 
a nominal 7.5-ton-per-day pilot plant at the Energy and En-
vironmental Research Center (EERC) at the University of 
North Dakota in Grand Forks. See Figure 1. The unit has 
operated for over 1,000 hours with LRCs from around the 
world. As a general rule, the increases in energy density for 
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demonstrate the efficient use of LRCWFs to produce clean 
power. 

Economics 

LRCWFS versus coal-water slurries prepared from untreated 
coals are 30 percent for subbituminous coals, about 
50 percent for lignites, and well over 100 percent for brown 
coals. 

LRCWFS do not require costly additives and have pseudo-
plastic flow behavior. In addition, LRCs have no tendency 
to agglomerate and, in fact, tend to blow apart when heated, 
producing a fuel that burns rapidly and completely. 

In all combustion tests at EERC, LRCWFs burned sig-
nificantly better than bituminous CWFs. Recent tests of 
LRCWF made from HWD subbituminoUs coal from the 
Powder River Basin (Western United States) without any 
coal cleaning demonstrated the superiority of LRCWFs over 
a commercial bituminous CWF. The best carbon burnout 
obtained with bituminous CWFs with a similar particle-size 
distribution under optimum operating conditions was slightly 
over 96 percent, whereas the LRCWF gave carbon burnout 
of over 99.4 percent under all operating conditions. 

Because LRCs are the only significant source of energy in 
many developing nations, conversion to a fuel that can dis-
place imported oil, i.e., LRCWF, could provide low-cost 
energy from indigenous resources. 

According to the paper, demonstration of the technology at 
a large enough scale is a vital next step. There is a unique 
opportunity to demonstrate this technology in the dormant 
Knik Arm Power Plant near thePort of Anchorage, Alaska, 
at a fraction of the cost and time it would take to build 'a new 
facility. The EERC, together with Hobbs Industries, Inc., 
owner of the Knik facilities and Usibelli Coal Mine, Inc., has 
formed a consortium to seek funding from the Alaska 
Science and Technology Foundation and the United States 
Department of Energy's Round V Clean Coal Technology 
Program to perform a 3-year demonstration project. The 
main objectives of this project are to demonstrate the 
economic feasibility of producing concentrated coal-water 
fuel from Alaskan low-rank coals by HWI) and also to

The highest cost component of LRCWF production is the 
HWD. HWD costs are coal- and site-specific, but generally 
fall within the range of $1.15 to $2.00 per million BTU. LRC 
costs range from around $0.40 to $1.00 per million BTU. 
Transportation costs for an LRC near tidewatez, such as 
Alaska's Beluga coal, should be no more than about 
$0.25 per million BTU. Port fees and marine shipment to 
Japan will add about $0.80 per million BTU. Therefore, 
using the Alaskan example, a total CIF price range for 
LRCWF in Japan would nominally be between $2.60 and 
$3.45 per million BTU. 

The economic success of an LRCWF venture will mainly be 
determined by the price of heavy oil. With an oil price of 
$17 per barrel, the heavy fuel oil market price in Japan is 
around $4.60 per million BTU CIF. Under current oil 
prices, estimates for the cost of LRCWF would provide sub-
stantial incentives for its use. The success of the LRCWF 
venture at any point in time will be very sensitive to the price 
of oil. 

Conclusions 

The authors conclude that selection of the feedstock coal 
should be based mainly on combustion characteristics, not 
slurryability properties. In this regard, CWF technology is 
now able to include highly reactive low-rank coals with the 
aid of beneuiciation via hot-water drying. This breakthrough 
in CWF technology enhances the economic and environmen-
tal attraction of coal-water fuel. As a consequence, future 
developments in CWF technology are likely to be centered 
around low-rank coal.

##91 
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TECHNOLOGY 

COAL GASIFIED IN CATALYI1C DRAFT-TUBE 
SPOUTED BED REACTOR 

Researchers in the Department of Applied Chemistry and 
Chemical Engineering at Kagoshima University in Japan 
have proposed a draft-tube spouted bed reactor as a catalytic 
coal gasifier to produce hydrogen. A schematic diagram of 
the gasifier is illustrated in Figure 1. In this apparatus, coal 
is fed to the devolatilization zone in the annulus section. 
After devolatilization, the char falls into the next zone and is 
gasified by steam supplied from the bottom conical section. 
The heat of gasification is supplied mainly from circulating 
ceramic particles, which obtain thermal energy from burning 
gas within the draft tube and return to the annulus top. 

FIGURE 1 
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A paper authored by Y. Uemura, et al., and presented at the 
Symposium on Developments in Clean Coal Technology 
sponsored by the American Chemical Society in 
Washington, D.C. in August, discusses the results obtained 
by operating a hot model apparatus of a spouted bed with a 
draft tube at 1,073°K. The hot model unit was heated by an 
electric furnace. 

Experimental 

Catalytic steam gasification was carried out in a spouted bed 
with a draft tube, shown in Figure 2. The bed was heated by 
four pieces of electric furnace, which surrounded the bed. 

Air was introduced from the nozzle to spout and recirculate 
solid particles. Steam was introduced through 40 holes lo-
cated in the bottom conical section. Steam inlet holes were 
arranged concentrically on the conical section. 

The ceramic particles were packed into the annulus section. 
The air was sent through an air filter, an air-oil separator, 
and an orifice meter before entering the bottom of the bed. 
The air feed rate was varied to maintain the linear gas 
velocity within the draft tube as constant as possible. Steam 
was supplied from a vaporizer. The feed rate was controlled 
by an electric power supply. 

FIGURE 2 
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The particles flowed down through the draft tube spacing 
above the conical section, and were conveyed vertically in 
the draft tube. At the top, the particles were separated from 
the carrier gas by a cyclone and returned to the annulus. 

The temperature of the bed was elevated to 1,073°K under 
spouting by air. As the temperature reached 1,073 0& con-
tinuous char-feed was started by a rotary feeder. The 
gasification operation was carried out for 30 minutes. 

Results 

The annulus bed temperature decreased with time, while the 
external temperature (between the upper and lower jacket 
heater) was maintained at almost constant temperature 
(990°K). This indicates poor thermal conduction within the 
moving bed of the annulus. The gaseous products were 
hydrogen, carbon monoxide, carbon dioxide and methane. 
Hydrogen and carbon monoxide were major components. 
About half of the product gas was exhausted from the outlet 
of the annulus; the other half was exhausted from the 
cyclone. 

The experimental data show that the draft-tube spouted bed 
gasifier is superior for producing hydrogen, while poor ther-
mal conduction is a significant problem. Another problem is 
the bypassing of the product gas to the cyclone. 

##fl 

PILOT TESTS OF CARBONIZER FOR flBC TOPPING 
CYCLE PROCEEDING WELL 

A team consisting of Foster Wheeler Development Corpora-
tion, Foster Wheeler Energy Corporation, 
Gilbert/Commonwealth, Incorporated, the Institute of Gas 
Technology, and Westinghouse Power Generation Business 
Unit have embarked upon a United States Department of 
Energy-funded three-phase program to develop a pres-
surized fluidized bed combustion (PFBC) combined-cycle 
plant with a 45 percent efficiency (based on the higher heat-
ing value of the coal), and a cost of electricity (COE) that is 
at least 20 percent lower than the COE for a conventional 
pulverized-coal-fired plant with a wet scrubber. 

Emissions are to be well below New Source Performance 
Standards limits. The modular plant will utilize, wherever 
practical, components that can be assembled in a shop and 
shipped by barge. 

A discussion of the project was presented by A. Robertson, 
et al., at the Ninth International Pittsburgh Coal Conference 
held in Pittsburgh, Pennsylvania in October.

Proposed Plant Concept 

The PFBC plant is called "second-generation because it 
operates with a gas turbine inlet temperature much higher 
than the 870°C PFBC bed temperature. Figure 1 is a 
simplified process block diagram of the plant cycle. 

Briefly, the plant operates as follows: coal is fed to a pres-
surized carbonizer, producing a low-BTU fuel gas and char. 
After passing through a cyclone and ceramic barrier filter to 
remove gas-entrained particulates, the fuel gas is burned in a 
topping combustor to produce the energy required to drive a 
gas turbine. The gas turbine drives a generator and a com-
pressor that feeds air to the carbonizer, a circulating FFB 
combustor (CPFBC), and a fluidized bed heat exchanger 
(FBHE). The carbonizer char is burned in the CPFBC with 
high excess air, and the vitiated air from the CPFBC sup-
ports combustion of the fuel gas in the topping combustor. 
Steam generated in a heat-recovery steam generator 
(HRSG) downstream of the gas turbine and in the FBHE 
associated with the CPFBC drives the steam turbine genera-
tor that furnishes the balance of electric power delivered by 
the plant. 

The low-BTU gas is produced in the carbonizer by pyrolysis 
or mild devolatilization of coal in a fluidized bed reactor. 

FIGURE 1 
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Because this unit operates at temperatures much lower than 
those in gasifiers currently under development, it produces a 
char residue. Lime-based sorbents are injected into the car-
bonizer to catalytically enhance tar cracking and capture sul-
fur as calcium sulfide. Thus the expensive and complex fuel 
gas heat exchangers and sulfur-capturing cleanup systems 
being developed for coal gasification combined-cycle plants 
are eliminated. 

The char and calcium sulfide produced in the carbonizer are 
injected into the CPFBC through a nitrogen-aerated non-
mechanical valve. The high excess air in the combustor trans-
forms the calcium sulfide to calcium sulfate, allowing its dis-
posal with the normal CPFBC spent sorbent. 

In the CPFBC, the burning char heats the high-excess-air 
flue gas to 870°C; surplus heat is transferred to the external 
FBHE by the recirculation of sorbent between the two units. 
Cyclone separators and nonmechanical valves control recir-
culation. 

The exhaust gases leaving the carbonizer and the CPFBC 
contain particles of char, sorbent, and fly ash. To prevent 
erosion and fouling, a hot gas cleanup (HGCU) system, con-
sisting of ceramic cross-flow filters preceded by cyclone 
separators, cleans these gases to <20 ppm solids loading 
before they enter the fuel gas topping combustor and the gas 
turbine. Ceramic candle filters, screenless granular-bed fil-
ters, etc., are candidate alternatives for the cross-flow filter 
should their performance and economics be found superior. 

A conceptual design of this new type plant has been 
prepared, and economics and sensitivities have been inves-
tigated. Plant efficiency is significantly affected by the car-
bonizer performance level (the amount of coal energy trans. 
ferred to the fuel gas for release in the topping combustor). 
When the carbonizer operating temperature is increased 
from 815° to 870°C, it raises plant efficiency from 43.6 to 
44.9 percent and the COE advantage over a pulverized-coal-
fired plant with a scrubber from 18.8 to 21.8 percent. 

Foster Wheeler has built a PFBC pilot plant at its John 
Blizard Research Center in Livingston, New Jersey. The 
facility is designed to test a second-generation PFBC plant 
carbonizer and then a CPFBC/FBHE. A ceramic barrier fil-
ter will be installed in both units for particulate control. Ini-
tially, the pilot plant has been operated in a coal 
devolatilization/carbonization mode. It is now being 
modified to facilitate coal/char combustion. 

Operating in the carbonizing mode, the pilot plant has a 
design gross heat input capability of 8.5x106 BTU per hour. 

Pilot plant tests began in November 1991. 

The collected data indicate that the carbonizer fuel gas 
energy content will be similar to that predicted for the com-
mercial plant. From the standpoint of fuel gas contaminants,

the data indicate hydrogen sulfide and ammonia levels will 
be significantly lower than originally estimated, thus further 
reducing the already low SO  and NO emissions predicted 
for a commercial plant. 

The pilot plant is currently being modified to accommodate 
CPFBC/FBI-IE testing, which is expected to begin in 
November 1992 and continue into 1993. Integrated Phase 3 
testing is scheduled for 1994. 

CARBON BLACK FROM COAL LOOKS FEASIBLE IN 
LAB TESTS 

Commercial carbon black has been produced from clean 
feedstock, such as petroleum bottoms, coal tar, or natural 
gas. It has not been produced from coal because of the high 
ash content in coal. The average coal contains 9 percent ash. 
On the other hand, the typical ash content in carbon black is 
less than 1 percent. To make matters worse, both carbon 
black and ash are of micron size particles and cannot be 
separated with conventional devices. Although it is possible 
to generate carbon black from coal by combustion, it is dif-
ficult to separate the released ash from carbon black. A 
novel idea developed at Ohio University, is to limit the coal 
conversion so that only the more reactive part of the coal is 
converted, all the ash and some of the carbon are retained in 
the original coal matrix as char, and to select the coal par-
ticle size so that the resulting char is orders of magnitude 
greater in size than that of carbon black. It is then possible 
to separate char from carbon black using any conventional 
equipment, such as cyclones and gravity separators. 

The mechanism for carbon black formation from coal is still 
not fully understood. It is further complicated by the fact 
that numerous chemical reactions are taking place, some of 
them are completed and some of them are not. The ex-
perimental results and preliminary economics of generating 
carbon black from coal were discussed in a paper by 
W.J. Chen and R.L. Savage at the Ninth Annual Interna-
tional Pittsburgh Coal Conference held in Pittsburgh in Oc-
tober. 

The crucial parameters for the production of commercial 
purity carbon blacks are temperature, oxygen to coal ratio, 
and coal particle size, according to Chen and Savage. The 
common reaction temperature for carbon black production 
is from 1,100 to 1,650°C. To limit the conversion, the mass 
of oxygen is limited to 0 to 4 times that of coal. The particle 
size of coal is confined from 75 to 1,700 microns. 

In this study, the reactions were carried out in an externally-
heated isothermal reactor maintained at a constant tempera-
ture of 1,150°C. Ohio Clarion 4A coal was fed to the reactor 
at a rate of 1.9 kilograms per hour together with oxygen 
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and/or steam. The experimental results are presented in 
Table 1. An inspection of the ash content of the carbon 
black indicates that commercial purity carbon black can be 
produced directly from coal. Only 30 percent percent of the 
feed carbon is converted to carbon black; the rest is in the 
char and synthesis gas. Chen and Savage believe that the 
operation probably can be optimized to produce more car-
bon black. 

Table 2 shows that the particle size and surface area of coal 
carbon black lie between those of two commercial rubber-

TABLE 1 

EXPERIMENTAL RESULTS FOR 
CLARION 4A COAL

USING AN ISOTHERMAL
REACTOR AT 1150°C 

Feed Coal (kg/hr) 
Oxygen (liter/mm) 
Water (cc/ruin) 
Nitrogen (liter/min) 

Product Gas (liter/mm) 

N (%) 
Ch 4(%) 
CO (%) 
CO2 (%) 

Carbon Black (kg/hr) 
C (%) 
H(%) 
O(%) 
S(%) 
Ash (%) 

Char (kg/hr) 
C(%) 
H (%) 
0(%) 
S(%) 
Ash (%)

TABLE 2

COMPARISON OF CARBON BLACKS 

Coal 
Carbon Black N762 N990 

Size (nm)	 200	 88	 320 
N2 Surface Area (m 2 /g)	 19	 26	 8

grade carbon blacks, N762 and N990. Using AS TM formula-
tions, carbon black reinforced rubbers are also compared. 
As expected, the mechanical properties, modulus, tensile, 
elongation, and hardness, are also similar as shown in 
Table 3. Therefore, coal carbon black should be a good re-
placement for either N762 or N990 through minor modifica-
tion of the reactor design and operation. 

Table 4 is a comparison of economics between coal and 
petroleum based carbon black processes. Using conservative 
estimates for coal, these results show that production of car-
bon black from coal has a substantial cost advantage over its 
production from petroleum. 

From this study, the authors draw the following conclusions: 

Coal carbon black produced at low temperatures 
can be a good replacement for rubber grade carbon 
black.

TABLE 3 

COMPARISON OF MECHANICAL PROPERTIES
OF CARBON BLACK REINFORCED

STYRENE-BUTADIENE RUBBER 

Coal 
Carbon Black N762 N990 

Modulus, 300% (MPa) 736 14.6 6.63 
Tensile Strength (MPa) 936 17.1 11.0 
Elongation (%) 500 420 640 
Shore A Hardness 66 67 60

TABLE 4 

COMPARISON OF ECONOMICS
FOR CARBON BLACK PROCESSES (1986) 

Cost of Raw 
Material per 

Raw	 Cost	 Conversion Carbon Black 
Material	 jftgj	 (kg/kg)	 ($/kQ) 

Petroleum	 0.111
	

0.5	 0.22 
Coal	 0.0282
	

0.2	 0.14 

1Based on $15/barrel 
2$25/ton 

1.9 

25 
48 
20 

5 
26 

1 
038 

95 

0.7 
0.97 

72 

UA
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The economics are favorable to the production of 
carbon black from coal. 

- The process should be optimized to produce more 
carbon black at the expense of char and synthesis 
ga& 

- A higher temperature reactor should be used if tire
grade carbon black is to be produced from coal. 

###1 

SYNGAS FROM SHELL GASIFIER SHOWS LOW 
LEVELS OF HAZARDOUS POLLUTANTS 

The Shell Coal Gasification Process (SCGP) produces a 
medium-STU syngas which can fuel a gas turbine for power 
generation. Determination of trace constituents in the syn-
gas from SCGP has been an integral part of the technology 
development program.

A paper authored by D.C. Baker of Shell Development Com-
pany, and presented at the 1992 American Society of 
Mechanical Engineers Cogen-Turbo Conference held in 
Houston, Texas in September, reviews the results of environ-
mental characterizations focusing on trace constituents in the 
syngas, particularly hazardous air pollutants (HAPs). The 
results verify that very few 1{APs or any other trace con-
stituents are present in the syngas, and for those few species 
present, their concentrations are extremely low. 

The 1990 Clean Air Act Amendments (CAAA) have greatly 
expanded the number of regulated air pollutants through 
Title III which addresses emissions of 189 IIAPs. Initial 
regulation of HAP emissions will focus on major sources, 
defined as those that emit more than 10 tons per year of any 
single HAP or more than 25 tons per year of total HAPs. 

A block flow diagram of the SCGP process is shown in 
Figure 1. 

The wet-scrubbing system removes water-soluble con-
stituents in the syngas, like hydrogen halides and ammonia. 

FIGURE 1 

SHELL COAL GASIFICATION PROCESSS 

As-Received Coal Suitor to 

I
Steam to utilization	

Utilization 

Receiving	
Oxygen

Solids 

and Storage

Removal
Product Gas 

Coo	
and Wet	 Acid 

and Drying	
-r	 j	

}	 Scrubbing	
ovary	 Generation 

Gas	 ----0- to Power Milling	 Rae I 

.1	
BFW	

I 
Coal Feed DFW 

System 
(LOCkhOPPS)fl 	

Slag to Utilization	

Water Discharge

Scrubber Fines 
to Disposal 

Fiyeiag to 
Recycle 

SOURCE: BAKER

SYNTHE11C FUELS REPORT, DECEMBER 1992 
4-29



removal of HCN reduces this species to below the detection 
limit, while water-washing removes NE  to the detection 
limit. 

Other constituents removed from the syngas include 
hydrogen cyanide and trace elements. Sulfur-containing add 
gases (primarily 112S) are removed from the syngas in a 
Sulfinol-based, acid-gas removal system. 

During the SCGP demonstration phase on Illinois No. 5 
coal, a comprehensive environmental sampling and analytical 
program was conducted. The program was repeated during 
extended periods of continuous operation on other 
feedstocks as follows: Blacksville No. 2, SUFCo, Drayton, 
and El Cerrejon coals; Texas lignite; and petroleum coke. 
The environmental program was multi-media in scope, in-
cluding all gas, liquid and solid streams. 

Results of Environmental Characterizations 

As shown in Figure 1, the syngas cleanup sequence for 
SCGP involves dry filtration, water scrubbing, cooling, and 
multi-staged solvent contacting. Consequently, the syngas is 
expected to be essentially free of HAPs and other trace ele-
ments. 

Only small percentages of trace elemental matter partition 
into the syngas. The small percentages in the syngas largely 
correspond to those trace elements that occur at the lowest 
concentration in the feed coal and are below their detection 
limit in the syngas, thus their actual concentrations in the syn-
gas are extremely low. 

The data confirm that small amounts of elemental matter 
(either gaseous or enriched on fine particulates) which en-
tered the acid-gas removal system were effectively removed 
from the syngas. It was determined that the concentrated 
acid gas and certain deposits from the concentrated acid-gas 
stream, contained small amounts of arsenic, mercury and 
selenium. Suitable control technology is available for 
removal, encapsulation and disposal of these trace elements. 

Finally, gasification of petroleum coke provided an oppor-
tunity to study the fates of nickel and vanadium at concentra-
tions about 2 orders-of-magnitude higher than usually found 
in coals. SCGP data confirmed that nickel and vanadium 
concentrations in the purified syngas were below detection (7 
and 2ppbw, respectively), thus verifying that the cleanup sys-
tem can easily remove high concentrations of these elements. 

At the SCGP conditions, between 70 and 90 percent of the 
coal sulfur shows up as reduced sulfur species in the raw syn-
gas, primarily as I12S while the remainder of the sulfur is 
retained in the slag. After the gas treating step for sulfur 
removal, very little sulfur is present in the syngas. 

Unique to SCGP conditions is the high conversion of coal 
nitrogen directly to molecular nitrogen. For typical 
bituminous coals, 99 percent of the coal nitrogen is con-
verted directly to molecular nitrogen. The remainder of the 
coal nitrogen shows up as roughly equivalent amounts of 
HCN and NE 3" Proprietary technology for conversion and

No organics were detected in the slag or flyslag, and only a 
few ppbw of formaldehyde were occasionally detected in the 
scrubbing water. No aromatic or polynucicar aromatic 
hydrocarbons were detected in the syngas. 

Only a few trace constituents were detectable at ppbw levels 
in the syngas. These trace constituents include a few 
hydrocarbons, aldehydes and organosulfur species. All of 
these trace constituents are combustible in a gas turbine. 

Total and individual radionuclides, including radium-226, 
radium-228 and thorium-228, were lower in the syngas-
exposed sorbent than the virgin sorbent. Also, estimated 
radon concentrations were below background levels. These 
results precluded both the means and the need for assigning 
any radionuclide concentrations to the syngas. 

Commercial Applications 

The first commercial application of SCGP will be in an in-
tegrated coal gasification combined cycle powerplant which 
is currently under construction in The Netherlands and 
scheduled to startup in 1993. The plant is designed to gasify 
2,000 tons per day of coal in a single gasification train and to 
produce 253 megawatts at a thermal efficiency of 
41.4 percent. 

Shell, General Electric and Air Products completed a joint 
study of SCGP-based coal gasification combined cycle in- 
tegration schemes assuming two GE iF turbines and two 
Shell gasifiers. One case from the study resulted in an es-
tiznated net power output of 516 megawatts at a thermal ef-
ficiency of 43.6 percent. For such a plant, the total emissions 
of HAPs are estimated to be less than 1 ton per year as 
shown in Table 1. Emissions of other trace constituents are 
also estimated to be extremely small. 

In Table 1, it was assumed that any combustible material in 
the clean syngas (i.e., inorganic sulfur and nitrogen species 
and organic compounds) would undergo greater than 
99 percent destruction in the combustion turbine. This as-
sumption is conservative based on recently established 
destruction efficiencies of 99.6 to 99.9 percent for part-per-
billion levels of benzene in natural gas fueling a utility boiler 
and with non-detectable levels of benzene in the flue gas. 

Conclusions 

Extensive environmental testing has consistently 
demonstrated that the syngas from the Shell Coal Gasifica-
tion Process contains extremely low levels of hazardous air 
pollutants and other trace constituents. The majority of the 
trace elemental matter is tightly bound in the glassy matrix of 
the inert slag and not present in the syngas. Consequently,

- 
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TABLE 1 

ESTIMATED AMOUNTS OF TRACE CONSTITUENT EMISSIONS
FROM A NOMINAL 500 MW SHELL CGCC POWER PLANT° 

Metals, Com-
pounds & Halides Other Inorganics Organic Compounds 

HAPs'	 Sb, As, Be, Cd, Cr, COS, CS2, & HCN Aldehydes & Listed 
Co, Pb, Mn, Hg, Ni, Hydrocarbons 
Se, HCI & HF 

Emissions	 <0.7 Tons/Year Negligible' Negligiblec 

non-I-TAPs	 Aluminum through 1125 & NH3 Hydrocarbons & Or-
Zinc ganosulfur Species 

Emissions	 2.9 Tons/Year Negligible' Negligible"

8516 MW (net) at 43.6% thermal efficiency (HHV) on Pike County coal bp5 = Hazardous Air Pollutants, Title III, 1990 CAAA 
"Negligible means orders of magnitude lower than the metals estimate 

emissions of NAPs from a nominal 55 megawatt SCGP com-
bined cycled powerplant are expected to be extremely small. 
Such a facility would not be defined as a major source of 
HAPs based on regulatory thresholds in Title HI of the 
1990 Clean Air Act Amendments. 

It,' 

LIGNITE-DERIVED CHAR COULD CONTROL TOXIC 
EMISSIONS FROM WASTE COMBUSTORS 

A market opportunity may exist for using up to 1 million 
tons of lignite per year to produce char and activated carbon 
for removing mercury and trace organic compounds from 
stack gases. Under the Clean Air Act Amendments of 1990, 
the United States Environmental Protection Agency (EPA) 
is required to issue new regulations for 189 toxic air pol-
lutants on a set schedule between 1994 and 2800. 

The control of air toxics centers on the volatile emissions, 
mercury, and organic dioxins and furans. Mercury and trace 
organics are partially removed along with the acid gases 502 
and HCI in a wet scrubber or spray dryer absorber, but 
removal efficiencies are highly variable, ranging from slight 
to over 80 percent. More aggressive control to maintain con-
sistently low levels of both mercury and trace organics can be 
accomplished by adsorption processes using coal char or ac-
tivated carbon, according to a paper by E.A. Sondreal, et al.

The paper was presented at the SynOps 92 Conference, 
"Opportunities in the Synfuels Industry,' held in Bismarck, 
North Dakota in September. 

Mercury control requires both adequate removal efficiency 
to meet expected EPA standards and stable disposal or 
recovery to ensure that the mercury is not re-emitted into 
the atmosphere or groundwater. The technology currently 
designated by the EPA as "best demonstrated technology" 
for municipal waste combustor (MWC) emission control con-
sists of a spray dryer for control of acid gases and a particu-
late removal device, which could be either an electrostatic 
precipitator or fabric filter. Satisfactory control of mercury 
and trace organics will, in the future, require add-on tech-
nologies, employing either activated carbon injection into the 
spray dryer or a moving bed of char used as a final filter. 

Activated Carbon Injection 

Activated carbon injection into a spray dryer has the ad-
vantage of offering moderately high mercury removal ef-
ficiencies at relatively low incremental capital and operating 
costs. Removal efficiencies of 80 to 99 percent have been 
demonstrated using approximately 1 ton of activated carbon 
per 1,400 to 2,800 tons of municipal waste. Removal ef-
ficiencies in this range would be expected to satisfy the pend-
ing emission standard for mercury in most applications. The 
cost of the activated carbon adsorbent, if derived from lig-
nite at $0.50 per pound, would add an incremental operating 
cost of only $0.71 to $1.42 per ton of municipal waste 
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layers of pollutant-laden char to be discharged separately 
from other layers. The German process uses an inexpensive 
nonoptimized char produced by Rheinbraun AG, sized be-
tween 1 and 4 millimeters. 

incinerated—compared to total treatment costs of $15 to 
$25 per ton incurred for a retrofit spray dryer and fabric ra-
ter. 

IAgnite Char Filtration System 

In Germany, an advanced flue gas treatment system 
(Figure 1) has been developed by Stadtwerke Dusseldorf 
AG, which directs gas from a spray dryer and particulate con-
trol system through a bed of lignite char to serve as a polish-
ing step that removes almost all traces of mercury, dioxins, 
furans, and other heavy metals. Data from pilot plant tests 
employing a char-bed depth of 1.5 meters operating at up to 
150°C and at a superficial gas velocity between 0.1 and 
03 meters per second have proven that mercury is strongly 
adsorbed, with an outlet concentration below the detection 
limit, and that the concentration of dioxins and furans is 
reduced by 99 percent. Figure 2 compares the estimated 
removal efficiencies for char filtration with those for ac-
tivated carbon injection and spray dryer/particulate control. 

Char-bed filters can be designed in a number of configura-
tions, but a cross-flow design is desirable to allow vertical

The process flowsheet for the total treatment system 
(Figure 1) shows part of the spent char being recycled back 
to the boiler as fuel and another stream of pollutant-laden 
char leaving the system. The design concept shown in 
Figure 3 adds a process step for desorbing mercury and or-
ganic pollutants by heating the char to approximately 400°C 
in the absence of air. This provision allows for recycling 
desorbed char back to the char filter and recovering mercury 
for reuse or controlled disposal, which are critical factors 
determining the cost of char replacement and the safe end 
disposal of mercury. 

System Costs 

The capital costs for an emission control system such as that 
shown in Figure 1 for retrofitting an 800-ton-per-day MWC 
plant would include $16.8 million for the spray dryer and 
fabric filter, $12.7 million for selected catalytic reduction, 

FIGURE 1 

DRY FLUE GAS TREATMENT WITH LIGNITE CHAR 
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FIGURE 2 

ESTIMATED CONCENTRATIONS OF POLLUTANTS IN FLUE GAS 
FOR DIFFERENT CONTROL TECHNOLOGIES 
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and $8.6 million for the char-bed filter, for a total of 
$38.1 million. 

By comparison with the char-bed filter, the capital cost of ac-
tivated carbon injection is very low—estimated to be on the 
order of $30,000 per spray dryer unit. 

The estimated total costs of emissions treatment per ton of 
waste incinerated, including operating costs and capital 
recovery, are shown in Table 1. Based on 1 ton of char per 
500 tons of waste and char at $150 per ton, the cost of the 
char in Table 1 represents only about 1 percent of the cost of 
the total treatment—or about 5 percent of the cost of the 
char filtration process. This relatively low cost for char re-
placement would, however, increase if the char adsorption 
capacity were reduced and the replacement requirement cor-
respondingly increased. 

Stable Disposal or Recovery of Mercury 

The control of mercury and trace organics by an operator of 
an MWC facility could be accomplished by recovering mer-
cury for reuse and trace organics for destruction in the in-
cinerator. These criteria can be met to a considerable de-
gree by the char-bed filtration process. Alternatively, the 
mercury and trace organics collected in the activated carbon 
injection process are discarded along with the fly ash waste. 

The safety of disposing mercury- and trace organic-laden 
solid waste is, at this time, still an open question. Therefore,

the recovery of mercury and recycling of trace organics to 
destruction in the incinerator, as potentially offered by the 
char-bed filtration process, could become very important 
cost considerations. 

Competitive Sorhents 

Other sorbents having a higher adsorption capacity than lig-
nite char tend to be much more expensive and to have opera-
tional limitations. Some would require disposal as hazardous 
waste. Most of the manufactured adsorbents that have been 
tested for mercury have little effect on dioxins and furans. 
Activated carbons impregnated with a chemical such as sul-
fur or potassium iodide have high adsorptive capacities, up 
to 20 percent by weight, but they are expensive ($2 to $5 per 
pound) and have operating temperature limits below 100°C. 

If improved sorbents should be developed suitable for MWC 
stack temperatures (e.g., 150°C), they could provide strong 
economic competition even at high production cost. Based 
on 1991 vendor quotes, the cost of impregnated carbon sor-
bents was shown to be equivalent to $13 to $60 per pound of 
mercury absorbed. 

Cost of Producing Char from Lignite 

Capital costs for a char capacity of 320 tons per day would 
total $42.1 million for a plant producing 100,000 tons of char 
per year. Operating costs total $5.42 million annually, of 
which the lignite feed comprises almost 70 percent after al-

TABLE 1 

TOTAL CAPITAL AND OPERATING COSTS
FOR EMISSION CONTROL MODULES

FOR 800-TON/DAY MWC FACILITY 

SDA. IT Char	 SCR 

Operating Labor 0.42 0.15 
Maintenance 1.02 0.22 0.51 
Electricity 0.72 0.60 0.22 
Chemicals & Catalysts 0.94 132 
Lignite Char' 030 
Fuel 1.21 
Waste Disposal & Monitoring 134 
Taxes & Insurance 2.80 1.11 1.70 

Total Noncapital 7.24 2.23 5.11 
Capital Recovery 7.42 3.69 5.61 

Total 14.66 5.92 10.72 

5At $150/ton

SYNThETIC FUELS REPORT, DECEMBER 1992 
4-34 



lowance is made for the sale of electricity. The profitability 
of char production indicates that a 20 percent rate of return 
on a 50 percent equity project would be realized at a char 
selling price of $140 per ton, based on a discounted cash flow 
calculation using a 10 percent interest rate. 

Importance of Test Procedure 

Based on the adsorption properties determined at the 
Energy and Environmental Research Center in Grand Forks, 
North Dakota, North Dakota lignite would be judged to be a 
suitable feedstock for producing char for controlling mer-
cury. However, samples of similar North Dakota coals were 
submitted for testing by methods normally used to evaluate 
char for the German char-bed process and found to be in-
ferior to the German char used. The reasons for these dif-
ferent results are not known. Further tests need to be per-
formed on North Dakota lignite chars under conditions 
more closely simulating commercial practice. 

Conclusions 

North Dakota lignite char may be cost-effective in removing 
mercury, dioxins, and furans from stack gases of municipal 
waste combustors. Processes receiving attention use either 
injected activated carbon or a char bed. It is likely that both 
activated carbon and char-bed processes will be able to meet 
federal standards. The superior ability of the char bed to 
remove virtually all traces of hazardous emissions, at a sig-
nificant added cost, may be mandated by state or local regula-
tions of meet public demands. 

Questions on re-emission into the atmosphere or 
groundwater would be answered most directly by recovering 
mercury for reuse and recycling trace organics to destruction 
in the combustor. The char-bed process with char regenera-
tion offers this possibility to a significant degree, whereas ac-
tivated carbon injection and disposal with ash does not. 

The cost of lignite char should not be a large fraction of the 
total cost of pollution control at MWC facilities. For the 
char-bed process, the greatest potential for savings is in 
reducing capital costs, even where this would require a more 
expensive char. Competitive prices could range from $150 to 
$1,000 per ton for a range of qualities from nonoptimized 
char to an upgraded activated carbon. 

Future needs for implementation of a lignite char process in-
clude further testing to optimize the char and activated car-
bon products; improvements in the char-bed contactor sys-
tem; demonstration of effective char regeneration and 
recycle and mercury recovery; and characterization of the 
solid waste streams from competing processes to resolve un-
answered questions on re-emission and leaching properties.

UNDERGROUND GASIFICATION PROPOSED FOR USE 
IN DEVELOPING COUNTRIES 

While Underground Coal Gasification (UCG) cannot com-
pete economically with conventional oil, gas, and coal 
reserves, emerging nations requiring electric power for 
development of an industrial infrastructure may provide the 
niche market that is necessary for the commercial develop-
ment of UCO. J.E. Boysen, et al., discuss an approach for 
commercial UCG development for producing electric power 
in emerging nations in a paper presented at the SynOps 92 
Conference, "Opportunities in the Synfuels Industry," held in 
Bismarck, North Dakota in September. 

UCG is a technology that can provide fuel for electric power 
generation from coal resources which cannot be economi-
cally mined by conventional methods. During the last 
50 years, UCG has been conducted with some success on a 
commercial-scale in the former Soviet Union. Research con-
ducted in the past decade has proven that UCG can be con-
ducted in an environmentally sound fashion. 

However, because fuel generated by UCG from unmineable 
coal resources will not economically compete with conven-
tional oil, gas, or coal reserves, successful commercial UCG 
development requires a niche market where inexpensive and 
abundant oil, gas, and coal reserves are not available. 

Results of early UCG developmental research confirmed the 
process advantages over other coal conversion and mining 
technologies: reduced capital investment, operating labor, 
and maintenance requirements. However, UCG is more dif-
ficult to operate and control than alternative processes. 

With a properly selected site, UCG is technically feasible, 
economic, and environmentally acceptable. The need to 
characterize potential sites and select a site with favorable 
hydrogeologic conditions cannot be understated, says 
Boysen. 

Potential Advantages of UCG 

With a properly selected site, UCG has the following ad-
vantages over other coal production and conversion 
processes: 

- UCG expands the amount of economically 
recoverable coal resources. 

- UCG can be conducted with minimal or no adverse 
impact on groundwater quality. 

- UCG eliminates the need for surface or under-
ground mining and subsequent mine land reclama-
tion. 

- Solid waste is not generated from UCG eliminating
the need for ash handling and disposal equipment. 
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• UCG can be achieved without extensive surface dis-
ruption. 

- UCG capital equipment and operating main-
tenance requirements are minimized. 

• UCG is a modular process and can be coupled with 
gas turbines for electric power generation in 
remote locations. 

- Electric power generation using low-BTU gas gen-
erated from UCO requires no ash handling and 
removal systems. 

Commercializing UCG in Emerging Nations 

The first steps in commercializing UCG are the selection of 
the product and the product market. Once the product and 
market are selected, a UCC process and a suitable site must 
be selected. Proper site selection is critical to insuring 
reasonable process efficiency with minimum environmental 
impact and favorable gas production economics. 

Low-BTU gas is selected as the UCG product option to mini-
mize economic risk. Low-BTU gas production from UCG 
does not require steam or oxygen plants and thus, capital in-
vestment, operating labor, fuel, and chemical requirements 
are greatly reduced. 

The market selected for the low-BTU gas is fuel for electric 
power generation. Additional electric power generation 
capacity is needed in many emerging nations. Firing power 
generation plants, located at or near the UCG plant, with 
UCG product gas can increase an emerging nation's 
economically recoverable coal supply, while reducing particu-
late and nitrous oxide emissions, and solid waste discharges 
from power generation. 

The UCG process selected to provide low-UTU gas is the 
Linked Vertical Well (LVW) process. This process uses 
reverse combustion to increase the permeability of the coal 
seam between process wells. It is the least expensive method 
successfully demonstrated for increasing the permeability of 
the coal seam. 

The selection of the UCO site is the key step in insuring the 
technical and economic success of UCG development. A 
project plan for proper site selection must consider the 
hydrogeologic characteristics of the site to insure technical 
success, the properties of the coal seam for UCG to provide 
favorable economic potential, and the market logistics to in-
sure economic success. 

Because the UCO process selected is the LVW process, the 
following hydrogeologic site characteristics are desired and, 
in some cases, required:

- The coal type must be a shrinking coal to be 
suitable for reverse combustion linking. 

- The minimum seam thickness should be ap-



proximately 10 feet to avoid excessive heat losses. 

- The minimum seam depth should be greater than 
4 times the seam thickness to minimize the pos-
sibility of surface subsidence. 

- The geologic strata above the coal seam must be at 
least semi-consolidated so that chimney subsidence 
will not occur. 

- The coal seam must be hydraulically isolated from 
other aquifers to minimize the potential for 
groundwater contamination and excessive water in-
flux into the UCG cavity. 

- Minimum geologic faulting of the site is desirable. 

After the optimum site is selected, a UCG demonstration is 
conducted to confirm the technical feasibility and economic 
potential at the site selected. A limited number of wells are 
drilled, cored, and logged. Aquifers are characterized based 
upon the results of multi-well drawdown, build-up, and inter-
ference testing. The geologic setting of the site is mapped 
with respect to the presence of significant faults and aquifers 
and the nature of the overburden. Core samples are 
analyzed to define the characteristics of the overburden and 
coal and estimate their behavior when exposed to the high 
temperatures typical of UCG. 

Based upon data collected from the demonstration, the 
economics of the commercial-scale facility at the site is 
evaluated and a decision to commercialize made. 

Benefits from UCG Development 

The current circumstances in many emerging nations are 
favorable for the successful development of UCG. The 
development of an industrial infrastructure in many emerg-
ing nations requires electric power to economically compete 
in world markets. However, the price paid for the power is 
often significant environmental damage that will affect im-
mediate and future generations. The absence of abundant 
conventional energy reserves and the demand for electric 
power in the many of the emerging nations provide the neces-
sary niche market for UCG development. 

According to Boysen, et al., successful commercial develop-
ment of UCG in these nations can provide the following 
benefits for electric power generation: 

- Use of and increase of domestic energy reserves 
- Reduced environmental impact 
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- Reduced surface disturbance 
- Reduced power generation costs 
- Reduced capital requirements 

#fl# 

TIRE PYROLYSIS OIL PROVES UNSUITABLE FOR 
COAL LIQUEFACTION 

Research on the suitability of tire pyrolysis oil for use in coal 
liquefaction processes is being conducted by A. Ross of the 
Department of Applied Sciences at Staffordshire University 
in the United Kingdom. 

Although there is a commonality between tire-derived oil 
and recycle solvent, little or no hydroaromatic hydrogen

donors are present and the tire-derived oil cannot be used 
directly for solvent augmentation in the first stage of coal li-
quefaction. 

Speaking at the Coal Research Forum 
Liquefaction/Gasification Divisional Meeting held at Point 
of Ayr, North Wales in July, Ross reported that work con-
tinues on a series of catalytic hydrogenation studies. 

In the current work on tire pyrolysis oils, samples were sup-
plied by Harwell through its alternative technology unit. The 
samples were characterized by vacuum distillation combined 
with GC analysis of the distillation fractions. Oils were fur-
ther separated using a modified technique of liquid 
chromatography called extrography to provide some charac-
terization of more polar compounds. 

flit 
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INTERNATIONAL 

Sc! REPORTS GOOD 1'E&F RESULTS WITH	 gineering and construction of the first stage, with a capacity 
soI.rFHEASr ASIA COALS	 of 100,000 tonnes per year, was awarded to Linde A.G. The 

eventual total capacity of 450,000 tonnes per year of 
SGI International is expanding its clean coal refinery 	 pentene-1 and hexene-1 would make Sasol a major player in 
development program and targeting a potential $1 billion 	 the world market. 
market in Southeast Asia. 

The company reports positive results from its testing and 
evaluation of coals from Thailand and Indonesia. With 
rapidly expanding economies, these countries are projected 
to increase their use of domestic coal. SC! is investigating 
the feasibility of large-scale clean coal plants that would use 
its liquids-from-coal (LFC) process to produce clean, high-
quality coal and a low-sulfur liquid fuel that can replace oil. 

The LEC process is currently being demonstrated at Triton 
Coal Company's Buckskin Mine in Gillette, Wyoming with 
funding from the United States Department of Energy as 
part of its Clean Coal Technology Program. 

SO! says its results with Thailand coals have been reviewed 
with senior officials in Thailand and SGI is now proceeding 
to the next phase of its development program for Thailand. 
Coal is being supplied to SGl's development center in Ohio 
from Thailand's largest coal mine and electric power genera-
ting complex. 

Thailand coals are predominately lignite and subbituminous 
with proven reserves of over 2 billion metric tons. Currently, 
Thailand generates 26 percent of its electricity from coal. 
This is expected to rise to 47 percent by the year 2000 and 
67 percent by 2006. Thailand's economy grew an average of 
10.5 percent per year from 1987 to 1991. 

The results from testing coal supplied from one of the largest 
coal reserves in Indonesia have also been positive, says SCI. 
Additional coals are now being sent to the company's 
development center from Indonesian mines that supply exist-
ing and planned electric powerplants. 

Indonesian coals are predominantly subbituminous with 
proven reserves of over 4 billion metric tons. Indonesia is 
experiencing high economic growth rates and a consequent 
15 percent per year growth rate in demand for electric power 
production.

flit 

SASOL EXPANDING IN THE CHEMICALS SECTOR 

Sasol Limited of Johannesburg, South Africa is going ahead 
with the first phase of a major project to recover alpha 
olefins from gasoline streams. The contract for the en-

Alpha olefin purification facilities will be built at Secunda 
with the first phase of the project scheduled to come on-line 
by mid-1994. About 90 percent of the final product will be 
exported to world markets. Once the first phase has begun 
production, the company will consider the size and timing of 
a second phase. 

Sasol says it can produce alpha olefins at a significantly lower 
cost than its competitors because its feedstock cost is the 
price of liquid fuels. The company also claims to have a 
simpler purification process that is less costly, giving it a com-
petitive edge. 

The product streams from Sasol's coal-based synthetic fuel 
plants contain more than 750,000 tonnes per year of alpha 
olefins in the C5 to C8 range. Also available are significant 
quantities of alpha olefins higher than C8, which could be 
converted to chemicals in the future. Later project phases 
could use the higher alpha olefins to produce high-grade syn-
thetic lubricants and detergents. 

Sasol says its project will fill a gap in the marketplace. The 
company's haene-1 has been tested successfully as a com-
onomer in a large polymerization plant. Sample quantities 
of both compounds from the company's pilot plant will be 
made available to polyethylene producers for product 
development. According to Sasol, there is no pentene-1 com-
onomer currently available in commercial quantities. It is 
expected to replace some butene-1 copolymers and its com-
mercial availability could lead to other unique applications in 
the chemical industry. 

Sasol's investment in the alpha olefins unit is reported to be 
370 million Rand (US$134 million). The company has 
reported net earnings of R1.15 billion for the year ended 
June 25, 1992, an 11 percent increase over the previous year. 
Sales for the year totaled R7.85 billion, an increase of 
4 percent. 

Sasol's overall spending program, which includes the expan-
sion of existing chemicals production facilities as well as 
moves into new areas of production, totals some R33 billion. 
About R2 billion of that amount will be spent on a new 
2,500 tonne per day oxygen plant at Sasol Three. The plant, 
scheduled for completion by mid-1994, will be built by L'Air 
Liquide of Paris, France. 

Other projects in various stages of planning and approval in-
clude an acrylonitrile plant, methanol, MTBE or ETBE 
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production, projects for acetic acid, acetates and bisphenol A 
production, and new acrylic acid and acrylates units. 

The investment program also includes R115 million for new 
ethylene plants, already onstream; an R55 million cresylic 
acid plant, due for startup by year end; an R40 million 
n-butanol plant; and R35 million for distillation units, due 
onstream in early 1993.

##0# 

DEMKOLEC IGCC PROJECT AT BIJGGENUM TO BE 
COMMISSIONED IN 1993 

The Demkolec 253-megawatt integrated gasification com-
bined cycle demonstration plant will be commissioned in Bug-
genum, The Netherlands by autumn 1993. The plant is 
based on oxygen-blown entrained-bed gasification technol-
ogy developed by Shell. The pulverized coal reacts at ap-
proximately 1,500°C and approximately 28 bar sub-
stoichiometrically with oxygen in a pressurized reactor to 
produce hot raw syngas, consisting mainly of CO and H2. 
Most of the molten slag is quenched in water and removed 
from the gasifier as hardly leachable, glassy particles. 

A project status update was given by J. van Liere, et al., in a 
paper presented at the 11th Conference on Gasification 
Power Plants held in San Francisco, California in October. 

Some 25 to 50 percent of the slag is transported as fly ash 
particles with the syngas to the gas cleanup plant, where the 
fly ash is first removed in a cyclone and a filter and then the 
syngas is scrubbed with water to remove halogens, ammonia 
and heavy metal components. The H25 and COS are 
removed and converted into elementary sulfur in a sulfur 
recovery unit. 

The clean syngas is combusted in the gas turbine to produce 
about 55 percent of the plant's gross power output. The ex-
haust gases produce steam in a waste heat boiler which is in-
tegrated with steam recovery from the gasifier syngas 
coolers. The steam bottom cycle produces about 45 percent 
of the gross power output. 

The Demkolec plant is designed for a gas turbine with a 
1,050°C turbine inlet temperature and 130 bar. The heat 
balance is indicated in Figure 1. Demkolec has chosen to 
use "conventional" parts for the powerplant (e.g., the gas 
turbine). As a result, the overall net efficiency is limited to 
43 percent. In future plants, efficiencies of 45 to 46 percent 
can be realized by applying a new generation of gas turbines. 

The construction of the powerplant is proceeding on time 
and within budget. By October 1992 the design was com-
pleted and about 80 percent of the hardware had been 
manufactured. Over 50 percent of the equipment has been

FIGURE 1 
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installed, including the gasifier reactor and the syngas cooler. 
Electrical systems, the pressurized air system and the cooling 
water system are already in operation and the startup of the 
remaining auxiliary systems will be accomplished by 
December 1992. Commissioning of the main systems is 
scheduled for January-July 1993 after which plant startup is 
foreseen for autumn 1993. 

Demonstration Program 

Following commissioning in 1993, a 3-year demonstration 
period of the plant will be started for assessment and evalua-
tion of the operation, including its efficiency, emissions, 
flexibility, load following capability, reliability and cost 
aspects. Several coal types and coal blends which cover the 
whole range of Dutch import coals will be gasified under dif-
ferent operational conditions. 

All measurements, analyses, tests and inspection results 
together with economic evaluations with respect to operating 
and maintenance costs in combination with the initial invest- 
ments will be used to support the decision on the construc-
tion of a 600-megawatt commercial IGCC plant, to be built 
in Borssele for startup by the turn of the century. 
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The 1(1CC demonstration project is accompanied by a long-
term research and development program, aimed at the 
market penetration of 1(1CC technology. Research and 
development focuses on five main issues: 

Assessment of the merits of the gasification process 
with respect to gas quality, integration potential, ef-
ficiency, reliability, flexibility, quality of waste 
products, emission levels, slagging and fouling be-
havior, etc. 

Process monitoring technologies to provide proper 
tools for operation in closed pressurized systems by 
means of ultrasonic, radar, acoustical or optical sys-
tems and on-line gas analyses 

Research and development for efficiency improve-
ment by hot gas cleanup, new wastewater treatment 
processes, advanced integration concepts, improved 
gas turbines, chemical integration and fuel cells 

Materials research programs to assess optimum 
design based upon suitable metallic and non-
metallic materials for reactor, duct, syngas coolers, 
quenchers and wastewater facilities 

- Realization of a medium-scope training simulator 
with a validated program 

Scaling up gasification technology, the introduction of hot 
gas cleanup systems, improved gas turbine designs with inlet 
temperatures of 1,250°C and higher, and optimized plant con-
figuration are expected to lead to net thermal efficiencies of 
46 percent or more early in the next century. Most promis-
ing for heat rate improvement are gas turbine developments 
and the hot gas cleanup system. 

Hot gas cleanup, operating between 250 and 700°C is one of 
the options to improve the net thermal efficiency of an 
1(1CC plant. Contaminants like sulfur compounds, particu-
lates, nitrogen compounds, halogens, heavy metals and alkali 
metals must be removed from the syngas in order to protect 
gas turbines and downstream equipment and to meet emis-
sion standards. 

A feasibility study has been started to analyze the different 
options for hot gas cleanup and to assess the performance. 
The study must be completed by early 1993 and result in a 
basic design for construction as a bypass test facility by mid-
1995 in Buenum. 

Coal gasification provides a potential option for removing 
CO from the syngas and reducing the CO  emission of coal-
rireà plants. CO removal can be achieved by washing syn-
gas with a physica'I solvent such as Selexol or Purisol. In or-
der to recover 90 percent of the carbon dioxide that would 
be emitted from the gas turbine after combustion of the syn-

gas, the desulfurized syngas must first be processed in two 
stages of shift reactors. 

The first shift reactor operates at a temperature of 400°C in 
the presence of an Fe/Cu catalyst. The second shift reactor 
operates at a temperature of 200°C on a Cu/Zn catalyst in 
order to obtain a high conversion of CO into CO 2. Recovery 
of CO  from the syngas can be carried out by physical absorp-
tion at 40°C using Selaol or Purisol followed by flashing of 
the CO2-containing solution in two stages. The resulting syn- 
gas nmarily hydrogen) is moisturized, heated and sent to 
the combined cycle. 

According to the paper, serious attention will be paid to the 
development of fuel cells for coal-derived gases. The com-
bination of a coal gasifier with a fuel cell offers the pos-
sibility of an integrated gasification fuel cell unit with a net 
plant efficiency of over 53 percent. Both the molten car-
bonate fuel cell (MCFC) and the solid oxide fuel cell are op-
tions for converting syngas into electricity. The Dutch utility 
industry will participate in the Electric Power Research In-
stitute program to test a molten carbonate fuel cell in com-
bination with the Dow gasification process. In addition, a 
research and development program has been started to 
develop and manufacture a 250 kilowatt MCFC in The 
Netherlands, to be tested in the slipstream of the Demkolec 
powerplant.by the mid-1990s. 

nfl 

1(1CC UNDER CONSIDERATION BY CZECH POWER 
COMPANY 

In spite of uncertainty about the future economic and politi-
cal structure of the former Czechoslovakia, the Czech Power 
Company, CEZ, has begun considering integrated gasifica-
tion combined cycle (1(1CC) technology. Future plans for 
1(1CC power generation are prompted by environmental con-
siderations rather than a need for increased capacity. 

According to a paper authored by J. Gavor, et al., which was 
presented at the Energy and Environment Transitions in 
Eastern Europe Conference last spring in Prague, Czechos-
lovakia, the company is already involved in site consideration 
and economic and environmental analyses for IGCC 
projects. 

According to the authors, the power sector in Czechos-
lovakia finds itself at a crossroad, at a time of reforms in the 
structure and operation of the power system. 

With a total system generating capacity of about 
22,000 megawatts, the existing power supply system should 
be adequate to meet the projected electricity load growth 
well in the late 1990s. Therefore, the introduction of new 
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advanced energy technologies will not be due to increasing 
electric power requirements, but rather due to the urgent 
need to rectify the environmental damage inflicted by the 
burning of high-sulfur, high-ash lignite in thermal power and 
district heating plants without emission treatment. 

Shutting down substantial lignite-fired generating capacity, 
and replacing it with additions to the existing nuclear 
capacity is considered too expensive, although two nuclear 
powerplants now under construction will be completed (at 
Mochovce in 1993; at Temelin in 1994). 

Another option would be accelerating the introduction of 
gas-fired combined cycle plants, based on natural gas im-
ports from the former Soviet Union and/or from the West 
European pipeline systems. The main advantages of this 
strategy are the short construction time and high efficiency 
of gas-fired combined cycle. The main disadvantage is that 
more than 95 percent of gas consumed in Czechoslovakia is 
imported from Russia. This import represents a heavy finan-
cial demand, says the authors. 

Retrofitting existing lignite-fired capacity, and installing ade-
quate environmental safeguards (desulfurkation and denitra-
Lion) is the quickest way to improve the serious environmen-
tal situation. For some powerplants a change of fuel is also 
being considered (imported low-sulfur steam coal instead of 
domestic lignite). Unfortunately, it is not a solution for the 
long term. The efficiency of existing coal-fired powerplants 
in Czechoslovakia is only about 30 percent. When desul-
furization and denitrification are added, the efficiency will 
drop about 2 percent. 

Therefore, CEZ is considering the development of lignite-
based replacement capacity for the old thermal plants, using 
new environmentally benign technologies such as fluidized 
bed combustion (FBC) or integrated coal gasification com-
bined cycle plants. 

Contrary to gas-fired combined cycle, FBC or IGCC tech-
nologies make use of domestic fuel. From the point of view 
of a commercial availability and price, the systems based on 
atmospheric fluidized bed combustion will be introduced 
into the power sector first. However, CEZ, in its longer-
term plans, is evaluating the possibilities of pressurized 
fluidized bed combustion and IGCC. 

Site Information 

For many reasons, the construction of a new IGCC 
powerplant is questionable. More realistic is the reconstruc-
tion of suitable lignite-fired powerplants into IGCC con-
figuration. 

Sites of plants proposed for retirement are possible can-
didates for reconstruction to IGCC. The first estimates were 
done between 1988 and 1990 with VUPEK as a research 
coordinator. Taking into account space possibilities, acces-

sible coal supplies and technical parameters, the most 
suitable sites were found at Ledvice, Tusimice 1 and 
Prunerov 1. 

Other possible localities are the two Czechoslovak town gas 
producing factories at Usti nad Labem and Vresova, where 
at present town gas is produced in pressurized fixed-bed 
gasifiers. The consumption of town gas in Czechoslovakia is 
being continuously replaced by natural gas; its production 
from coal is planned to be completely stopped after 1995. 
Both factories evaluated the possibilities of synthetic natural 
gas or methanol production and also the possibility of 
reconstruction to the IGCC. For Vresova, a preliminary 
study for a 300 megawatt IGCC was prepared in which the 
utilization of existing gasifiers was considered at the first 
stage. 

The authors note that not all Czechoslovak coals are suitable 
for gasification. North Bohemia brown coals not only have 
low caloric values (about 10 to 11 megajoules per kilogram), 
but also high melting points (approximately 1,500°C). This 
results in a decrease in efficiency. There we serious 
obstacles for gasification of coal with high ash content. The 
gasification of Czechoslovak poor quality brown coal must 
overcome many technical and economical difficulties regard-
less of the gasification method used. 

##fl 

JAPAN MAY BE SITE FOR 50-TON-PER-DAY 
MRS HYDROGENATION DEMONSTRATION 

British Gas is considering the construction of a 50-ton-per-
day Midlands Research Station (MRS) coal hydrogenation 
demonstration unit in Japan. R.C. Hodrien of British Gas 
outlined the design philosophy and yield pattern for the 
MRS hydrogenator in a presentation at the Coal Research 
Forum Liquefaction/Gasification Divisional Meeting held at 
Point of Ayr, North Wales in July. 

The hydrogenator employs a single vessel and all materials 
have a minimum residence time in the reactor of ap-
proximately 2 seconds. Coal is hydrogenated directly to 
produce methane and an aromatic liquid byproduct contain-
ing 40 to 80 percent benzene and representing up to 
12 percent of the coal's carbon. 

This coproduction of liquids improves thermal efficiency to 
80 percent, compared to 75 percent in the methane-only 
case, by reducing the overall hydrogen demand. In addition, 
capital costs are reduced because it also enables the through-
put to be increased.

Sn, 
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COAL GASIFICATION AND CHEMICALS
	 products, including 1.5 million tonnes of coke and 1.5 million 

CONGLOMERATE FORMED IN CHINA
	 cubic meters of gas. 

A chemicals conglomerate, called the Shanghai Pacific 
Chemical Corporation, has been formed through the merger 
of the Shanghai Coking and Chemical Plant, the Shanghai 
Wujing Chemical General Factory, the Shanghai Solvent Fac-
tory and the Shanghai Synthetic Resin Institute. 

According to the China flgfly, the merger establishes a 
major local chemical industry in the City of Shanghai, China. 
The conglomerate employs a workforce of 16,000, making it 
the city's largest enterprise in this field. 

The conglomerate consumes 3 million tonnes of coal, 
500,000 tonnes of oil and 130,000 tonnes of grain annually. 
It has the capability to produce more than 180 chemical

The conglomerate is reported to have seven major projects 
in progress, representing a total investment of 
US$3963 million. These include a project to produce 
1.7 million cubic meters of gas daily and 200,000 tonnes of 
methyl alcohol per year. The methyl alcohol will, in turn, be 
used to produce 100,000 tonnes of acetic acid per year. 

By the end of 1995, the conglomerate will be able to produce 
180,000 tonnes of formaldehyde per year, about 40 percent 
of the country's total. Methyl alcohol production will reach 
320,000 tonnes per year, also 40 percent of the country's to-
tal.

flit 

SYNTHETIC FUELS REPORT, DECEMBER 1992 
442



RESOURCE 

LEA SAYS COAL DEMAND WILL INCREASE 
12 PERCENT BY 2000 

By the year 2000, total coal demand in the Organization for 
Economic Cooperation and Development (OECD) 
countries will increase 12 percent to the equivalent of 
1,422 million metric tons, from 1,269 million metric tons in 
1991, according to çj Information 1992 published by the 
International Energy Agency (lEA). 

Total primary energy supply (TPES) is forecast to grow 
1.6 percent per year during the same period. Coal's share of 
TPES will remain relatively stable at 21 percent. 

Electricity production in the OECD is forecast to grow 
2.1 percent per year, but the share of coal in electricity 
production is forecast to fall to 38.0 percent in 2000 from 
40.1 percent in 1991. 

Coal Information 122 includes information and statistics on 
coal prices, demand, trade, production, productive capacity, 
coal ports, coal-fired power stations and coal data for non-
OECD countries. Additional information provided this year 
includes: tables on coal trade within Eastern Europe, tables 
on coal production by republics in the former Soviet Union 
and lists of coal-fired power stations in Eastern European 
countries. The report also outlines emission standards for 
coal-fired boilers in LEA countries. 

Highlights of 1991 coal activity are summarized below. 

Prices for steam coal imported by major LEA countries (i.e., 
European Economic Community (EEC) countries and 
Japan) averaged $54.94 per metric ton of coal equivalent in 
1991, a decrease of 2.6 percent with respect to 1990 prices. 
Early indications for 1992 prices suggest that the trend 
toward lower prices is continuing into the current year, says 
lEA.

The average customs unit value for coking coal imports to 
Japan rose slightly (1.2 percent) to $61.10 per metric ton in 
1991. For the EEC countries, the average customs unit 
value decreased by about 4 percent to $61.14 per metric ton. 
As with steam coal contracts, most prices in 1992 for coking 
coal were lower than those for 1991. 

Coal demand remained stable in the OECD countries in 
1991. While total primary energy supply grew slightly 
(1.5 percent), coal's share of TPES remained stable at 
21.6 percent. 

Coal-fired electricity generation which accounts for over 
70 percent of coal consumption, was up 0.4 percent, while 
generation from nuclear power rose 6.5 percent and genera-
tion from oil and natural gas rose 2.5 percent and about 
1 percent, respectively. 

Projections made by lEA governments foresee a modest 
decrease in the share of coal in total energy demand to the 
year 2000. 

In Japan, steam coal imports rose by over 4 percent from 
1990 to 1991, supported by increases in coal , demand by 
electricity generators and the cement industry. European 
imports of steam coal continued to rise strongly (nearly 
15 percent), largely to satisfy increased coal demand and to 
compensate for reduced domestic coal production in a num-
ber of countries. 

Coking coal exports rose by 2.7 percent from 1990 to 1991 
due to increased demand in Japan and the developing 
economies in Asia and Latin America. Coking coal exports 
from the United States and Canada increased, while exports 
from Poland and the former Soviet Union declined due to 
continuing upheavals in the coal industries of these 
countries.
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COAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the EPRI: 11th Conference on Gasification Powerplants held in San Fran 'cisco, California 

October 21-23: 

C. McLaughlin, et at, "Taaco's Gasification Initiative, Meeting Power Industry Needs" 

Guyot, D.F., et al., "Summary of the 1992 SCGP/CC Design" 

Cook, JJ., "Coal Gasification and Repowering— A Utility Perspective" 

Van Liere, J., et at, "Dutch IGCC Developments 1992 Demkolec Plant Status, Demoprogram and R&D Work" 

Sendin, U., et al., "A High Efficiency 325 MW IGCC Demonstration Plant" 

Zeppi. C., "GCC Projects at ENEL" 

Campbell, W., et al., "Sierra Pacific Power Company's Pinon Power Project" 

Schellberg. W., et al., "PRENFLO Demonstration Plant and CCC Projects—Update 1992" 

Strickland, D., "LGTI: A Progress Update" 

Bechtel, T., et al., 'The DOE Advanced Turbine Systems Program" 

Carman, .1., "Combustion and Integration Studies of Gas Turbines with Gasification" 

Emsperger, W., et al., "Configuration and Part Load Behavior of an IGCC Water/Steam Cycle" 

Bannister, R., "Adaption of Gas Turbines to Advanced Cycles" 

Jury, W., et al., "Gas Turbine (GT)—Air Separation Unit (ASU) Integration for GCC" 

Hay, G., et al., "Collaborative Advanced Gas Turbine Project—A Status Report, Turbine Project" 

Touchton, G., et al., "EPRI's Advanced Gas Turbine Program" 

Olson, R.R., Jr., et al., "High Efficiency Quench Gasification Combined Cycles Using Integrated Air Separation" 

Fergusson, L., et al., "Design Considerations for IGCC's" 

Saito, K., "TEPCO Cool Water Type 1(3CC Trial Design and Development of Performance Evaluation System" 

Schinoe, L., "Phased GCC Economics" 

van der Burgt, M., 'Techno-Historical Aspects of Coal Gasification in Relation to IGCC Plants" 

Walters, A., et al., "Methanol and Hydrogen Coproduction with Base Load 10CC" 

Blamire, D.K., et al., "Ramifications of Applying IGCC Technology at Nova Scotia Power Inc." 

Rao, A., et al., "HAT Cycle Status Report" 

Cohn, A., et al., "The Application of Humidification to Integrated Coal Gasification/Compressed Air Storage Powerplants 
(IGCASH)"
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Wells, W., et al., "Economic Dispatch Evaluation of.the IGCASH/CASHING Concept" 

Jansen, D., et al., "Different Options for Integrated Coal Gasification Fuel Cell Powerplants and Their Potential to 
Reduce CO2 Emissions" 

Lopez-Nakazono, B., et al., "Final Purification of Coal Derived Syngas for the Use in Molten Carbonate Fuel Cell Plant" 

Sandler, H.S., et al., "Integrating Coal Gasification in Carbonate Fuel Cell (CFC) Powerplants" 

Sander, M.T., "Cost and Performance Analysis for a 220 MW Phased Construction Carbonate Fuel Cell Powerplant" 

The following papers were presented at the SynOps 92, Opportunities in the Synfuels Industry Conference held in Bismarck, North 
Dakota August 31-September 3: 

Frame, N., "Financing Clean Coal Projects in Eastern Europe" 

Pollock, D., "Synfuels from Low-Rank Coals" 

Winch, R., et al., "Opportunities in Low-Rank Coal Applications for Synfuels and Power Industries in Mexico" 

Boysen, J., "Utilization of Underground Coal Gasification to Provide Electric Power for Emerging Nations" 

The following papers were presented at Confab 92 held in Winter Park, Colorado August 3-7: 

Barbour, FA., et al., "Coal/Oil Co-Processing with a Mild Gasification Produced Liquid" 

Srinivassan, R., et al., "Characterization of Coal Liquefaction Catalysts with Transmission Electron Microscopy" 

Shams, K., ci al., "Enhanced Coal Reactivity by Mild Acid Pretreatment" 

The following papers were presented at the 42nd Canadian Chemical Engineering Conference held in Toronto, Ontario, Canada 
October 18-21: 

Watkinson, A.P., et al., "Sulfur Release and In Situ Capture in Coal Gasification" 

Dreisinger, DR., et al., "Oxygen Supply for Canadian Coal Gasification Projects" 

Dalai, A.K., et al., "Activated Carbon from Western Canadian Coals Using an Internally Stirred Horizontal Kiln" 

The following papers were presented at the Ninth U.S.-Korea Joint Workshop on Coal Utilization Technology held in San Fran-
cisco, California October 18-20: 

Cugini, A.V., et al., "Subbituminous Coal Liquefaction with a Highly Dispersed Iron Catalyst" 

Lee, H.T., et al., "Co-Processing of Alaskan Subbituminous Coal with Atmospheric Residues Using Dispersed Catalyst 
Precursors of Metal Acetyl Acetonate" 

Thibeault, P.R. "ABB Combustion Engineering's Coal Gasification System for Combined Cycle Power Generation" 

Park, TJ., et al., "Rapid Pyrolysis of Bituminous Coals at Laminar Flow Reactor and Measurement for Char Reactivity" 

Lee, HG., et al, "Coal Gasification Simulation Using ASPEN PLUS: Its Methodology and Application" 

The following papers were presented at the 204th American Chemical Society National Meeting held in Washington, D.C. 
August 23-28: 

Miura, K., et al., "Flash Hydropyrolysis of the Coal Supporting a Catalyst Through Solvent Swelling" 

SYNTHETIC FUELS REPORT, DECEMBER 1992 
4-45



Mitchell, S., et al., "Evidence for Maceral Synergism in Catalytic Hydropyrolysis and Hydrogenation of a Subbituminous Coal" 

Lai, W.C., et at., "Pyrolytic Degradation of Coal- and Petroleum-Derived Aviation Jet Fuels and Middle Distillates" 

Serb, MA., et al., "Hydrous Pyrolysis of Four Argonne Premium Coals" 

Sugawara, T., et at., "A Role of Developing Pores for Organic Sulfur Release in Hydropyrolysis of Coal" 

Jung, 3., et at., "Changes in Organic Oxygen Contents of Illinois #6 Coal During Coat Liquefaction" 

Yamashita, H., et at., "Catalytic Hydrocracking Reaction of Nascent Coat Volatile Matter Under High Pressure in a 
Two-Stage Reactor 

Wang. S.L., et at., "An Investigation of Hydrogen Transfer in Coprocessing Using Models and Reduced Resids" 

Fu, Y.C., et al., "Coal/Oil Coprocessing Using Syngas: Reactivity of Cycloalkanes as the Solvent" 

Robbins, GA., et at., "Conversion of Resid Components in CC-ITSL Processing at Wilsonville" 

Fatemi, S.M., et al., "Separation and Characterization of Coal Liquids from Wilsonville" 

Keogh, RA., "Compositional Differences in Naphtha Derived from Non-Conventional Fossil Fuels" 

Thou, P.-Z., et at., "Strategic Considerations of Coal Liquid Refining" 

Lee, EM., et at., "Performance of Hybrid Catalyst System in Two-Stage Coal Liquefaction" 

Teng, H., et at., 'The Application of Fr-JR Methods to the Characterization of Coat Liquefaction Process Streams" 

Klasson, K.T., et at., "Mass Transport in Bioreactors for Coal Synthesis Gas Fermentation" 

Gibbins, JR., et al., "Effect of Coal Particle Size on Volatile Yields During Rapid Heating" 

Asami, K, et at., "Hydrogasification of Brown Coal with Active Iron Catalysts from Ferric Chloride" 

Uemura, Y., et at., "Catalytic Coat Gasification in a Draft-Tuba Spouted Bed by Using Ceramic Particles as a Thermal 
Medium" 

Masson, K.T., et at., "Bioliquefaction of Coat Synthesis Gas" 

Morgan, D.L., "A New Solution-Based Coal-Upgrading Process" 

Ninomiya, Y., et al., "Pozzonic Reactivity and Compressive Strength of Gasified Coal Slag Added with Limestone flux" 

Mathotra, R., et at., "Field Ionization Mass Spectrometry for Characterizing Coals and Coal-Derived Liquids" 

Lapucha, AR., et at., "Application of 252 	 Desorption Mass Spectrometry to Analysis of Direct Coal Liquefaction 
Heavy Products" 

Saini, A.K, et at., "Characterization of Coat Structure and Low-Temperature Liquefaction Reactions by Pyrolysis-GC-MS in 
Combination with Solid-State NMR and FUR" 

Brandes, S.D., et at., "The Chemical Nature of Coal Liquid Resids and the Implications for Process Development" 

Hippo, ELI., et at., "STM Characterization of Coat Structures, Derived Extracts, Model Compounds and Gasified Carbons" 

Ibrahim, M.M., et at., "An Apparatus for In Situ High Temperature/High Pressure ESR Spectroscopy and Its Applications in 
Coal Conversion Studies"
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Dalal, N., et al., "Endor Characterization of Free Radicals in Coals at Temperatures Up to 200°C" 

The following articles appeared in Ever 2v & Fuels, Volume 6, Number 6, November/December 1992: 

Cagniant, D., et al., "Pyrolysis-Field Ionization Mass Spectrometry of N-Methyl-2-Pyrrolidinone Extracts of Coals" 

Cagniant, D., et al., "Pyrolysis-Field Ionization Mass Spectrometry of Extracts Separated from a Gas Coal and Its Macerals 
Using N-Methyl-2-Pyrrolidinone" 

Painter, P. C., et al., "Temperature Dependence of the Swelling of Coals in Pyridine" 

Joseph, LT., et al., "Iodine-Catalyzed Coal Liquefaction" 

Lino, M., et al., "Swelling of the Extracts and Residues from Carbon Disulfide-N-Methyl-2-Pyrrolidinone Mixed 
Solvent Extraction" 

Painter, P., "Some Comments Concerning the Solvent Swelling of Coal and Coal Extracts" 

Radovic, L.R., et al., "Use of Transient Kinetics and Temperature-Programmed Desorption to Predict Carbon/Char 
Reactivity. The Case of Cu-Catalyzed Gasification of Coal Char in Oxygen"
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since September 1992) 

ACME COAL GASIFICATION DESULFURINO PROCESS - ACME Power Company (C-9) 

American Plastics and Chemicals, Inc. (APAC), based in Los Angeles, California, signed an agreement in 1990 to acquire the Acme 
Powerplant located in Sheridan, Wyoming. The Acme facility is a 12 megawatt coal-fired steam plant, which has been idle since 
1977 when it was shut down in anticipation of new power generating facilities. 

AFAC formed Acme Power Company, a wholly-owned subsidiary, which will bring the Acme plant up to current environmental 
standards with appropriate emission controls prior to bringing it back on-line. The plant will initially operate in a conventional 
mode, using locally purchased coal. In addition to providing revenue through electric power sales, the plant, with its modular 
design, will provide for a long term commercial demonstration of the desulfurizing coal gasification process which AFAC has op-
tioned. 

The project will demonstrate the commercial viability of the desulfurizing gasification technology and make it ready for the retrofit 
of other coal-fired facilities. 

The APAC coal gasification process can emphasize either acetylene production from calcium carbide or power generation, depend-
ing on the coal-to-limestone ratio used. Increasing the limestone component produces byproduct calcium carbide, from which 
acetylene can be produced. Increasing the coal component results in byproduct calcium sulfide. 

MAC's consulting engineers estimate that it will take about one year to bring the plant on-line after power sale contracts, environ-
mental permits, and project financing have been put in place. 

Project Cost: Undisclosed 

ADVANCED COAL LIQUEFACTION PILOT PLANT' AT WILSONVILLE - Electric Power Research Institute (EPRI) and 
United States Department of Energy (DOE) (C-b) 

EPRJ assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. The Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program evolved over the years in terms 
of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtration 
which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at Wil-
sonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ITSL) process. In the two stage 
approach, coal is first 

dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coat 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 coal 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 part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was 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 stratified, thereby reducing the equipment size substantially. 

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.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 	 -	 - 

COMMERCIAL AND R&D PROJECTS (Continued) 

Work using the Amocat catalyst indicated the need to improve first stage reactor design. This led to modification of the LID 
criteria which resulted in increased productivity corresponding to improved mixing. This improvement was also demonstrated with 
tow-rank (Powder River Basin) coal. Further improvements for low-rank coal liquefaction were demonstrated using dispersed 
molybdemum catalyst in place of extracted catalyst in the first reaction. In addition to increasing productivity, the dispersed 
catalyst permits the use of a less expensive entrained flow (bubble column) reactor in place of the fluidized (ebullated) bed which is 
still required in the second reactor. Dosage of less than 200 ppm was effective, thus no catalyst recovery is required. 

Project Cost: Construction and operating casts (through calendar 1990): $139 million 

ADVANCED POWER GENERATION SYSTEM - British Coal Corporation, United Kingdom Department of Energy, European Com-
mission, PowerGen, GEC/Alsthom (C-IS) 

British Coal Corporation is carrying out a research program to develop an advanced coat fired power generation system. In this 
system coal is gasified to produce a fuel gas which is used to drive a gas turbine. The waste heat recovery from the gas turbine is 
then integrated with a fluidized bed combustion steam turbine cycle. 

The integrated system is expected to have an efficiency of about 45 percent 

At present the different technologies are being developed separately. A 12 tonne per day, air blown, pressurized, spouted bed 
gasifier developed at the Coal Research Establishment, Gloucestershire, started operating in 1990. This is providing design data 
for the next scale of plant (15 tonne/hr). 

The combustor, necessary to optimize the steam cycle and to burn unconverted carbon from the gasifier, can be either a CFBC or a 
PFBC. A 12 tonne per day CFBC is being built, for operation in 1991, alongside the gasifier. 

At Cirimethorpe, British Coal's large scale experimental PFBC is producing a coal derived gas which is passed through an ex-
perimental gas turbine. In conventional PFBC, coal is burned under pressure and the hot pressurized gases are fed directly into a 
gas turbine. Uowever the operating temperature of a PFBC is usually only about 850°C to avoid sintering of the ash. This com-
paratively low temperature at the gas turbine inlet limits efficiency. 

To overcome this, British Coat engineers proposed a topping cycle. It entails burning a fuel gas in the hot PFBC combustion gas in 
the gas turbine combustor, at a temperature to 1,260°C or more. In the current Grimethorpe experiment the fuel gas is propane. 
In due course it will be provided by the 15 tonne per hour gasifier. 

The gas turbine operation is funded by British Coal, United Kingdom Department of Energy, PowerGen, GEC/Aisthom and 
EPRI. The gasifier work is funded by British Coal and the European Community. 

AEC] AMMONIA/METHANOL OPERATIONS - AECI LTD. (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 to gener-
ate synthesis gas from sub-bituminous South African coal of tow sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis Imp, has been in service since 1974 white 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. 

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. 

AEC] has also pursued development programs to promote methanol as a route 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 cars on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked DIESANOL' by 
AECI. "DIESANOL is currently being evaluated as a diesel fuel replacement in a number of countries. 

AECI has completed a detailed study to assess the economic feasibility of a coat-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 in this area has been suspended. 

Project Cost: Not disclosed
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COMMERCIAL AND R&D PROJECTS (Continued) 

AMAX/EMRC MILD GASIFICATION DEMONSTRATION - AMAX, University of North Dakota Energy and Minerals Research 
Center (EMRC) (C-31) 

AMAX is considering a 1,000 ton per day plant at its Chinook Mine in Indiana. A fast fluidized-bed reactor will be used for mild 
gasification of this caking coal. It is planned to produce a diesel type fuel, as well as pure chemicals such as benzene and phenol. 

AMAX conducted prefeasibility studies and concluded that favorable 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 gasification process demonstration unit was started up at the Energy and Environmental Research Cen-
ter in Grand Forks, North Dakota in the fall of 1990. 

BEWAG GCC PROJECT - BEWAG AG, EAR Energie-Anlagen Berlin GmbH, Ruhrkohle Gel und Gas GmbH, and Lurgi GmbH 
(C-35)

BEWAG AG of Berlin, in cooperation with others listed: has started to evaluate a project called 'Erection and testing of a CCC 
based demonstration plant." 

The project's ultimate goal is the erection of a 195 megawatt pressurized circulating fluidized bed (CFB) combined cycle 
powerplant, with 95 megawatts obtained from the gasification, and 100 megawatts from the combustion section. As both sections 
may be operated individually, the 52 megawatt gas turbine could also operate on oil or natural gas. 

An engineering study to investigate the general feasibility of both pressurized CFB gasification and the coupling of pressurized 
CFB gasification with atmospheric CFB combustion was concluded in 1986. 

A second phase component testing program, costing DM12 million and supported by the German Ministry of Research and Tech-
nology, was carried out by a working group made up of BEWAG/EAB (Berlin), Ruhrkohle Oct and (ins GmbH (Bottrop), and 
Lurgi GmbH (Frankfurt), under the project leadership of EAR Energie-Anlagen Berlin GmbH. 

In this study, the design risks of key components were eliminated by detailed tests at pressurized charging valves and the condenser 
for carbonized residues. The availability of hot gas cleaning was proved with test series at electrostatic precipitators and tube fil-
ters. The now finished study allows the enlargement to a scaled up powerplant. This powerplant design shows a low grade of com-
plexity, on the gasification plant (a result of the dry procedure in gas cleaning) and minimized demand of coal and lime quality. The 
emission of exhaust fumes is reduced by the well known low emission of the CPU coal combustion and the high efficiency grade of 
the combined cycle. The only residues are flue gases and ash. The flue gas does not need to be after-treated. As a result of these 
characteristics, the study found a minimal risk for investment. 

RHEL COAl. GASIFICATION PROJECT - Bharat Heavy Electricals Limited (India) (C-40) 

Bharat Heavy Electricals Limited (RHEL), 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 pilot scale process and equipment development unit 
(PEDU) has been built. 

BI-IEL, 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. 

BHEL'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 of 25 to 45 percent by 
weight. The coals have high ash fusion temperature in the range 1,523-1,723°K. In the PEDU, coal is gasified by a mixture of air 
and steam at around 1,173 K and at a pressure of 1.013 MPa. 

Phase I of the fluidized bed coal gasification test program in the pilot scale plant is continuing. The plant was commissioned in 
early 1989 and further test trials were conducted. 

In Phase II of the fluidized bed coal gasification program, basic engineering of a demonstration scale 150 ton per day coal capacity 
gasification plant has been completed. The demonstration plant will be integrated with the existing 6.2 megawatt electrical gas 
turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed
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COMMERCIAL AND R&D PROJECTS (Continued) 

BHEL COMBLPWI) CYCLE DEMONSTRATION PLANT - Bharat Heavy Electricals Limited (India) (C-SO) 

Bharat Heavy Electricals Limited (DUEL) 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 BEZEL 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, testing various coals with ash content in the 
25 to 40 percent range. 

The test program on this plant has been completed and the plant's performance has been evaluated. A comprehensive test 
program was initiated for exploiting the moving bed gasification technology for commercialization. 

Project Cost: Not disclosed 

BOTFROP DIRECT COAL LIOUEFACFION PILOT PLANT PROJECT - Ruhrkohle AG, Veba Del AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Technology of 
Germany (C-60) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons raffinate oil were produced from 20,000 tons of coal in more than 2,000 operating 
hours. 

By this new mode of operation, the oil yield is increased to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 tons per cubic meter per hour. Furthermore high grade refined products are 
produced instead of crude oil. The integrated refining step causes the nitrogen and oxygen content in the total product oil to drop 
to approximately 100 ppm and the sulfur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived 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 Obcrhausen-Holten to produce syngas and hydrogen. 

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 
325,000 tons of heavy oil have been processed. A conversion rate over 90 percent and an oil yield of 85 percent have been con-
firmed. 

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) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle AG, Amoco (C-la) 

British Coal is operating a 2.5 tons per day pilot plant facility at its Point of Ayr site, near Holywell in North Wales utilizing its 
Liquid Solvent Extraction Process, a two-stage system for the production of gasoline and diesel from coal. In the process, a hot, 
coal-derived solvent is mixed with coal. The solvent extract is filtered to remove ash and carbon residue, followed by hydrogens- 
tion to produce a syncrude boiling below 300 degrees C as a precursor for transport fuels and chemical feedstocks. Studies have 
confirmed that the process can produce high yields of gasoline and diesel very efficiently—work on world-wide coals has shown that 
it can liquefy economically most coals and lignite and can handle high ash feedstocks. 

British Coal dries and pulverizes the coal, then slurries it with a hydrogen donor solvent. The coal slurry is pressurized and heated, 
then fed to a digester that dissolves up to 95 percent of the coal. The digest is cooled, depressurized and filtered to remove mineral 
matter and undissolved coal. A fraction of the solvent washes the filter cake to displace the coal extract solution; residual wash oil 
is recovered by a vacuum that dries the filter cake.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The coal extract solution is then pressurized, mixed with hydrogen and heated before being fed to the ebullating bed hydrocracking 
reactors. 

The product from this stage is distilled to recover the recyclable solvent and produce LPG (propane and butane), naphtha and 
mid-distillate. A byproduct pitch stream is siphoned off although material in this boiling range is primarily returned to the digest-
ion stage as part of the solvent. The remaining streams consist of light hydrocarbon gases and heterogases Formed from the 
nitrogen and sulfur in the coal. 

Project Cost: 20 million British pounds (1989 prices) construction cost plus 18 million British pounds (1989 prices) operating costs. 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-SO) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydrotiquefaction, 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 112 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 coats. The unit is capable of single stage or two-stage operation, and allows For use of dis-
posable catalyst in stage I and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35 percent and 
55 percent (DAfl coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cubic centimeters) are used extensively in support of the continuous hydroliquefaction unit. Particular 
emphasis has been placed on matters relating to hydrogen transfer. 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 hydroli-
quefaction. The research has also been concerned with the upgrading (refining) of product syncrudes to specification transport 
fuels. Experimental studies have included hydrotreating, hydrocracking and reforming, for the production of gasoline, jet fuel and 
diesel fuel. Jet and diesel fuel combustion quality requirements, as indicated by smoke point and cetane number for example, have 
been achieved via severe hydrotreatment. Alternatively, less severe hydrotreatment and blending with suitable blendstocks has also 
proven effective- High octane unleaded gasolines have been readily produced via consecutive hydrotreating and reforming. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel Fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid For petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing special-
ized analytical methodology, particularly via NM  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 Cat: 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, tan and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide range of terpperature (500 to 750 degrees C), coal particle residence time (10 seconds 
to 50 minutes), heatup rate (50 degrees C/second to 10' degrees C/second) coal particle size (50 to 300 microns) and additives 
(slaked time, recycle ash, silica flour, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. 
Four different types of coal have been tried, Kentucky No. 8 and Pittsburgh No. 8 bituminous coal, a Mississippi lignite and a 
Wyodak subbituminous. Generally the yields of oils from bituminous coats range between 20-25 percent (MAfl, and about 
15 percent for subbituminous coal. 

A process for producing clean carbon black and coproduct hydrogen-rich gas and liquid methanol competitive with current prices 
of oil and gas is being developed. The HYDROCARB process can use any carbonaceous feedstock including coal, char, biomass 
and municipal solid waste. I-1YDROCARB provides clean fuel for heat engines (turbines and diesels), and offers reduced CO  
emissions. 

Project Cost: $200,000
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COMMERCIAL AND R&D PROJECTS (Continued) 

CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company, United States Department of Energy (C-95) 

Calderon Energy Company is constructing a coal gasification process development unit. The Calderon process targets the clean 
production of electrical power with coproduction of fuel methanol. 

Phase I activity and Phase II, detailed design, have been completed. Construction of the process development unit (PDU) was 
completed in 1990. Test operation began in October 1990 and ran at 50 percent capacity during the early stages. 

The PDU will demonstrate the Calderon gasification process. In the process, run.of-mine high sulfur coal is first pyrolyzed to 
recover a rich gas (medium BTU), after which the resulting char is subjected to airblown gasification to yield a lean gas (low BTU 
gas). The process incorporates an integrated system of hot gas cleanup which removes both particulate and sulfur components of 
the gas products, and which cracks the rich gas to yield a syngas (CO and 1-I mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combin%d cycle power generation plant. The PDU is 
specified for an operating pressure of 350 psig as would be required to support combined cycle power production. 

The pilot project, designed to process 25 tons of coal per day, is expected to operate for six to twelve months while operating data 
is gathered and any 'bugs' in the system are worked out. 

The federal government has contributed $12 million toward project costs, with another $15 million coming from the Ohio Coal 
Development Office. 

Calderon Energy has obtained certification from the Federal Energy Regulatory Commission as a Qualifying Facility for a commer-
cial site in Bowling Green, Ohio. Calderon filed a proposal under the Clean Coal Technology program Round 3 to build a 
cogeneration facility supplying 87 megawatts of electricity and 613 tons of methanol per day. The project did not receive funding, 
however, in Round 3 or 4. A preliminary design and cost estimate has been prepared by Bechtel. Calderon is negotiating with 
Toledo Edison to sell the electricity which would be produced. 

Project Cost: Total Cost $242 million, PDU $20 million 

CHARFUEL PROJECT - Wyoming Coal Refining Systems, Inc., a subsidiary of Carbon Fuels Corporation (C-110) 

Wyoming Coal Refining Systems, Inc. (WCRS) has secured about half the financing required for a 150 ton per day Charfuel project 
at the Dave Johnston Powerplant near Glcnrock, Wyoming. The plant would include gas processing and aromatic naphtha 
recovery with off-site hydrotreating and product quality verification. 

The State of Wyoming has contributed $8 million and has committed to provide an additional $83 million in assistance, contingent 
on WCRS raising a certain amount of private capital. WCRS has secured over $4 million in capital and contributions. 

WCRS has solicited the U.S. Department of Energy for funding under the Clean Coal Technology program but was turned down 
for support in Round 4 of the program in 1991. 

The project involves demonstrating a coal refining process. The first step is "hydrodisproportionation' which the company says is 
based on short residence time flash volatilization. Resulting char may be mixed back with process-derived liquid hydrocarbons to 
make a stable, high-BTU, pipelincable slurry fuel. This compliance fuel could be burned in coal-fired or modified oil-fired burners. 
The char can also be used as a feedstock for integrated combined cycle gasification (IGCC). Additional products manufactured 
during the refining process would include ammonia, sulfur, methanol, MTBE, BTX, and aromatic naphtha. 

WCRS has completed a program which verified the design of the injector/mixer system. This work was cofunded by the Depart-
ment of Energy and conducted at the Western Research Institute in Laramie, Wyoming. WCRS is presently in the design phase of 
an 18 ton per day pilot unit which will integrate the Charfuel hydrocracker with commercially available processes to optimize the 
operating conditions for the 150 ton per day project as well as commercial facilities. 

Wyoming officials have turned down a request from WCRS for an additional $23 million in low-interest loans from state funds 
saying that the requirement for matching funds has not been met. 

Project Cost: $245 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-Un) 

Tennessee Eastman Company, a manufacturing unit of Eastman Chemical Company, operates its chemicals from coal complex at 
Kingsport, Tennessee at the design rate of 1,100 short tons per day. The Texaco coal gasification process is used to produce the 
synthesis gas for manufacture of 1.2 billion pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are produced 
as intermediate chemicals, and sulfur is recovered and sold.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The completion of a $200 million expansion program in October 1991 added two new chemical plants to the original complex, dou-
bling its output of acetyl chemicals from coal. 

Project Cost: Unavailable 

CHINA ASH AGGLOMERATING GASIFIER PROJECT - The Institute of Coal Chemistry, China (C-123) 

The Institute of Coal Chemistry (ICC) of the Chinese Academy of Sciences is developing an ash agglomerating coal gasification 
process. The process is applicable to a wide range of coals including those with high ash content and high ash fusion temperature. 

In 1983, a small scale pilot gasifier, or PDU, was set up. At first, different coals were gasified with air/steam as gasifying agents to 
make low heating value gas for industry. Later, coals were gasified with oxygen/steam to make synthetic gas for chemical synthesis. 
A pilot scale gasification system of 24 tons per day coal throughput was scheduled for startup in late 1990. 

The gasifier is a cylindrical column of 0.3 meter inside diameter with a conical gas distributor and central jet tube on the bottom. 
The enlarged upper section is 0.45 meter inside diameter in order to settle out the gas-entrained coarse particles. The total height 
of the gasifier is about 75 meters. 

Predried coal is blown into the gasifier after passing through the lockhopper and weighing system. Preheated air/steam (or 
oxygen/steam) enters the gasifier separately through a gas distributor and central jet tube. The coal particles are mixed with hot 
bed materials and decomposed to gas and char. Because of the central jet, there is high temperature zone in the dense bed in 
which the ash is agglomerated into larger and heavier particles. The product gas passes through two cyclones in 

series to separate 
the entrained fine particles. Then the gas is scrubbed and collected particles are recycled into the gasifier through standpipes. The 
fines recycle and ash agglomeration make the process efficiency very high. 

Based on the PDU data and cold model data, a 1 meter inside diameter gasifier system was designed and constructed. It is to be 
operated at atmospheric pressure to 03 MPa with a coal feed rate of I ton per hour. 

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 were finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1994 and in 1996 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 2001. 

Project Cat	 US$6.0 million up to the end of 1988. The next stage of development will require US$8 million 

CIVOGAS ATMOSPHERIC GASIFICATION PILOT PLANT - Fundacao de Ciencia e Technolgia - CIEI(FEC (C-133) 

The CIVOGAS process pilot plant is an atmospheric coal gasification plant with air and steam in a fluidized-bed reactor with a 
capacity of five gigajoules per hour of low-BTU gas. It was designed to process Brazilian coals at temperatures up to 1,000 C. The 
pilot gasifier is about six meters high and 0.9 meters inner diameter. The bed height is usually 1.6 meters (maximum 2.0 meters). 

The CIVOGAS pilot plant has been successfully operating for approximately 10,000 hours since mid 1984 and has been working 
mainly with subbituminous coals with ash content between 35 to 55 percent weight (moisture-free). Cold gas yields for both coals 
are typically 65 and 50 percent respectively with a carbon conversion rate of 68 and 60 weight percent respectively. 

The best operating conditions to gasify low-rank coals in the fluidized bed have been found to be 1,000 degrees C, with the steam 
making up around 20 percent by weight of the air-steam mixture.
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COMMERCIAL AND R&D PROJECTS (Continued) 

Two different coals have been processed in the plant. The results obtained with Leao coal are significantly better than those for 
Candiota coal, the differences being mostly due to the relative contents of ash and moisture in the feedstock. 

crnN'rEc expects that in commercial plants or in larger gasifiers, better results will be obtained, regarding coal conversion rate 
and cold gas yield due to greater major residence time, and greater heat recovery from the hot raw gas. 

According to the CIENTEC researchers, the fluidized-bed distributor and the bottom char withdrawal system have been their main 
concerns, and much progress has been made. 

COALPLEX PROJECT - AECI (C-WI) 

The Coalplex Project is an operation of AECI Odor-Alkali and Plastics, Ltd. The plant manufactures poly-vinyl chloride (PVC) 
and caustic soda from anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of 
ethylene was available from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. 
The five processes include calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide 
and water, brine electrolysis to make chlorine, hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl 
chloride; and vinyl chloride polymerization to PVC. Of the five plants, the carbide, acetylene, and VCM plants represent the main 
differences between coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COCA-I PROJECT - Coal Gasification, Inc. (C-150) 

The COCA-i project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
1 million tons of coal per year and will produce 675,000 tons of area ammonia and 840,000 tons of urea per year. It will use a high-
temperature, high-pressure slagging gasification technology. 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 anion in late December 1985. On March 18, 1986 Illinois Governor 
James It Thompson announced a $26 million state and local incentive package for COCA-i in an attempt to move the $690 million 
project forward. The project sponsor is continuing with engineering and financing efforts. 

Project Cost: $690 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C-lw) 

The Colombian state coal company, Carbocol plans for a coal gasification plant in the town of Amaga in the mountainous inland 
department of Antioquia. 

Japan Consulting Institute is working on a feasibility study on the gasification plant and current plans are to build a US$10 to 
20 million pilot plant initially. This plant would produce what Carbocol calls 'a clean gas fuel" for certain big industries in Antio-
quia involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese 
study, this plant would be expanded in the 1990s to produce urea if financing is found. 	 - 

Project Cost: $20 million initial 
$200 million eventual 

CORDERO COAL UPGRADING DEMONSTRATION PROJECT - Cordero Mining Company (C-170) 

Cordero Mining Company will demonstrate the Carbontec Syncoal process at a plant to be built near its mine in Gillette, Wyom-
ing. The demonstration will produce 250,000 tons per year of upgraded coal product from high-moisture, low-sulfur, low-rank 
coals. 

The project was selected by the United States Department of Energy (DOE) in 1991 for a Clean Coal Technology Program award. 
DOE will fund 50 percent of the $34.3 million project cost. However, the cooperative agreement is still being negotiated. 

The Syncoal process converts high-moisture subbituminous coal into a high-BTU, low-moisture product. Hot oil and flue gas serve 
to heat the coal and to keep it in an inert atmosphere during coal processing. The hot oil seals the surface against moisture as well 
as preventing surface degradation during handling.
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COMMERCIAL AND R&D PROJECTS (Continued) 

It is expected that this upgraded coal product can be used by midwestern and eastern utilities that currently burn high-sulfur, high-
rank coals to comply with stricter environmental regulations. 

Near-term plans call for an expansion of the demonstration project to a I million ton per year plant. Long-term goals art for Fur-
ther expansion to produce 4 million tons per year of upgraded coal. 

Project Cost:	 $34.3 million 

CItE SPOUTED BED GASIFIER - British Coal, Otto-Simon Carves (C-190) 

A spouted fluidized bed process for making low-BTU fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CRE). A pilot plant has been built with a coal throughput of 12 tonnes per day. 

This project was sponsored by the European Economic Community (EEC) under two separate demonstration grants. The results 
obtained established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 

The CRE 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 were processed successfully. 

Plant construction was completed in April 1985 and cold commissioning of all aspects of the plant was successfully achieved by June 
1985. As part of the contract with the EEC several extended trials were completed between April 1986 and March 1987 using char 
as bed material. Between April 1987 and November 1989, a further contract with the EEC investigated the use of inert bed 
materials and oxygen enrichment of the fluidizing air. This work enabled coal conversion efflencies on the order of 90 percent 
(mass basis) to be attained, and allowed gases to be produced with caloric values up to 73 Mum (dry, gross). 

Work on the 12 tonne per day pilot plant was directed towards providing design information for gasifiers operated at atmospheric 
pressure for industrial fuel gas applications. A range of commercial gasifiers with a coal throughput typically of 24 to 100 tonnes 
per day have been developed. 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. 

Although OSC has yet to build the first commercial unit, interest has been shown from a large number of potential clients 
worldwide. 

The application of the process for power generation is now being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 47 percent (lower heating value basis) are 
predicted. A contract with the EEC to develop a pressurized version commenced in January 1989. A 12 tonne/day pilot plant 
capable of operating at pressures up to 20 bar has been constructed and commissioned at CRE. Commissioning of the plant was 
completed in June 1990 and extensive operation of the plant has been carried out since. 

CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan), New Energy and 
Industrial Technology Development Organization (C-ZOO) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on 
gasification, hot gas cleanup, gas turbines, and their integration into an IGCC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow gasifier (2.4 ton per day process development unit) adopting a dry coal feed sys-
tem has been developed and successfully operated. This gasifier design will be employed as the prototype of the national 200 ton 
per day pilot plant. As of late 1991, the gasifier had been operated for 1,920 hours, and tested on 19 different coals. 

Research and development on a 200 ton per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively from 1986 and will be completed in 1993. 

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International 
Trade and Industry (MITI) and New Energy Development Organization (NEDO). They evaluated eight systems combining dif-
ferent methods of coal feed (dry/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant sys-
tem, from the standpoint of thermal efficiency, was determined to be composed of dry coal feed, airblown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot-
gas cleanup systems. 

For the project to build a 200 ton per day entrained-flow coal gasification combined cycle pilot plant, the electric utilities have or- 
ganized the "Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (IGC) with 
10 major electric power companies and CRIEPI to carry out this project supported by 

MITI 
and NEDO. 

SYNFHEI1C FUELS REPORT, DECEMBER 1992 
4-56



STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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. Coal Gasification Tests began in June 1991 with the air blown pres-
surized entrained-flow gasifier. Tests will begin in 1992 for the hot gas clean-up system and a high temperature gas turbine of 
1,260°C combustor outlet temperature. 

Project Cost: 53 billion yen 

DELAWARE CLEAN ENERGY PROJECT - Texaco Syngas Inc., Star Enterprise, Delmarva Power & Light, Mission Energy (C-208) 

Texaco Syngas Inc., Star Enterprise, a partnership between Texaco and Saudi Refining, Inc., Delmarva Power and Light Co. and 
Mission Energy have begun joint engineering and environmental studies for an integrated gasification combined cycle (IGCC) 
electrical generating facility. The project calls For the expansion of an existing powerplant adjacent to the Star Enterprise refinery 
in Delaware City, Delaware. The facility would convert over 2,000 tons per day of high sulfur petroleum coke, a byproduct of the 
Star refinery, into clean, gaseous fuel to be used to produce about 200 MW of electrical power in both existing and new power gen-
erating equipment. 

Completion is planned for mid-1996 at an estimated cost of approximately $300 million (1990 dollars). 

The project has the potential to reduce substantially overall emissions at the Delaware City facilities, more than double the current 
electric output and make use of the coke byproduct from the oil refinery. The Phase I studies will require approximately one year 
to complete (in 1991) at an estimated cost of $6 million. 

The existing powerplant would be upgraded and expanded and would continue to operate as a cogeneration facility. 

Project Cost: 	 $250 - 300 million (1989 dollars) 

DIZSTEC SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of Destec Energy, Inc. (C-210) 

The Destec Syngas Project, located in Plaquemine, Louisiana, began commercial operations in April, 1987, operating at rates up to 
ItIS percent of capacity. As of February 1992 the project has completed 22,043hours on coal. It has produced 24,218 billion BTU 
of on-spec syngas and has reached 1,807,275 tons of coal processed. A 90-day consecutive production record of 71.2 percent 
capacity was reached in October 1990. A 30-day consecutive production record of 99 percent availability and 89 percent capacity 
factor was reached in February 1992. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion ffflJ 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-1 acid gas removal system and Unocal's Selectox sulfur conversion unit are also used. Oxygen is supplied by Air 
Products. 

Construction of the plant was completed in 1987 by Dow Engineering Company. Each gasification module is sized to produce syn-
gas to power 150-200 megawatt combustion turbines. The project is owned and operated by Louisiana Gasification Technology In-
corporated, a wholly owned subsidiary of Houston-based Destec Energy, Inc., a subsidiary of The Dow Chemical Company. 

In this application, the Destec Syngas Process and the associated process units have been optimized for the production of synthetic 
gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels Cor-
poration (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-215) 

The Nokota Company isthe sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con- 
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. $20 million has been spent, and 12 years have 
been invested in site and feasibility studies. After thorough public and regulatory review by the state of North Dakota, air quality 
and conditional water use permits have been approved. The Bureau of Reclamation released the final Environmental Statement 
on February 26, 1988.

SYNThETIC FUELS REPORT, DECEMBER 1992 
4-57



STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 etude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. At full capacity, the plant will use 
the coal under approximately 390 acres of land (about 14.7 million tons) each year. Under North Dakota law, this land is required 
to be reclaimed and returned to equal or better productivity following mining. Nokota plans to work closely with local community 
leaders, informing them of the types and timing of socioeconomic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 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 
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 would be about 1,600 personnel at the plant and 500 personnel in the adjacent coal 
mine. 

Nokola's schedule for the project 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:	 $2.6 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.4 billion (Mine) 

ELSAM GASIFICATION COMBINED CYCLE PROJECT - Elsam ((>218) 

Elsam, the Danish utility for the western part of Denmark, in January 1991 submitted a proposal for the construction of a 
315-megawatt integrated gasification combined cycle (10CC) powerplant using the PRENFLO gasification technology. The utility 
proposes a 3-year test period under the Thermic program of the European Communities. 

The 10CC plant would be built as a joint project of the German Utility PreussenElektra and the Danish utility Sondeijyllands 
Hojspaendingavaerk. 

Commissioning is planned for 1995. 

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, received funding from the Depart-
ment of Energy's Clean Coal Technology Round 3 Program for a 1,000 ton per day mild gasification plant at Shell's Buckskin Mine 
in Northeastern Wyoming. The government will fund 50 percent of the proposed $72.6 million total cost. The demonstration plant 
will utilize the LFC technology developed by SGl International. 

The plant is designed to be operated as a small commercial 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 sub-
sidiary of Shell Mining Company). Other United States coals may be shipped to the demonstration plant from time to time for test 
processing, since the process appears to work well on lignites and some Eastern bituminous coals. 

A Permit to Construct was received from the Wyoming Department of Environmental Quality, Air Quality Division for the 
demonstration plant. It was approved on the basis of the use of best available technology for the control of SO S, NO , CO, 
hydrocarbons and particulates. There will be no waste water and source water requirements will be very small. 

Ground was broken at the Buckskin mine site for the commercial process demonstration unit in late 1990. Work continued 
through the winter with the foundations being in place by early 1991. Construction was com pleted by mid-1992. The plant had 
been operated for several days by the end of 1992. 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.
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The plant completed a 36-hour test run in June 1992 durinz which it o perated at about 70 percent of its capacity. The solid and 
liquid fuels produced durin g the test met or exceeded the production specification. 

Two companies have agreed to purchase the fuels produced at the ENCOAL facility. Wisconsin Power and Li ght has arced to buy 
about 30.000 tons of the solid fuel for use at its coal-fired powerplants. TEXPAR Energy Inc. will buy up to 135,000 barrels per 
Year of the liq uid fuel that it will market to industries. 

In June 1992, Zeigler Coal Holding Company signed a letter of intent to purchase Shell Mining Company, with a target closing date 
in October 1992. The ENCOAL project will not be affected by the change in ownership. The United States Department of Energy 
has approved funding for Phase Ill—plant operation and testing. 

Estimated Project Cost:	 $72.6 million 

FREETOWN 10CC PROJECT - Texaco Syngas Inc., Commonwealth Energy and General Electric Company (C-223) 

The three companies have begun joint development of an electrical generating facility, using an integrated gasification combined 
cycle (10CC) design, in Freetown, Massachusetts. The facility would be known as the Freetown Energy Park. 

The energy park will be located on a 600 acre site along the Taunton River owned by a subsidiary of Commonwealth Energy. 

Texaco Syngas will design the plant to use the Texaco Coal Gasification process and General Electric's high efficiency, gas turbines. 
The initial phase will produce 440 megawatts of power to be sold to New England utilities and gasify roughly 4,000 tons of coal per 
day. 

The plant will be one of the world's cleanest coal based powerplants with emissions levels of particulates, SO and NO significantly 
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. 

Project startup is scheduled for late 1995. 

FRONTIER ENERGY COPROCESSING PROJECT— Canadian Energy Developments, Kilborn International (C-225) 

Under the United States Department of Energy's Clean Coal Technology Round 3 Program, the Frontier Energy project received 
funding for the commercial demonstration of a state-of-the-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 
powerplants. 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 Coproccssing technology in which a slurry of coal and heavy oil are simul-
taneously hydrogenated at moderate severity conditions (temperature, pressure, residence time) to yield a low boiling range 
(C5-975 degrees F) distillate product. 

The CCLC Coprocessing technology is being developed by Canadian Energy Developments Inc. in association with the Alberta Of-
fice of Coal Research and Technology (AOCRT) and Gesellschaft fur Kohleverfiussigung GmbI-I (GfK) of Saarbrucken, West 
Germany. 

Two integrated and computerized process development units (PDU5), 18-22 pounds per hour feed rate, are currently being 
operated to confirm the technology in long duration runs, to generate operating data for the design of larger scale facilities and to 
produce sufficient quantities of clean distillate product for secondary hydrotreating studies and market assessment studies. 
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Canadian Energy and GfK are planning to modify an existing 10 ton/day coal hydrogenation pilot plant to the CCLC Coproccssing 
configuration and to use it to confirm the coprocessing technology in large pilot scale facilities while feeding North American coals 
and heavy oils. Data from this large pilot scale facility will form the basis of the design specification for the Frontier Energy 
Demonstration Project. 

The demonstration project will process 1,128 tons per day of Ohio No. 6 coal and 20,000 barrels per day of Alberta heavy oil. An 
unsuccessful application was made for Clean Coal Technology (CCI') funds in Round Ill. The project intends to file an application 
for CCI' funds in Round V. 

GE HOT GAS DESULFURIZATION - GE Environmental Services Inc. and Morgantown Energy Technology Center (C-228) 

This project was designed to demonstrate the operation of regenerable metal oxide hot gas desulfurization and particulate removal 
system integrated with the GE air blown, coal gasifier at the GE Corporate Research and Development Center in Schenectady, 
New York. 

Construction of the demonstration facility was completed by 1990 and several short duration runs were done to allow a long dura-
tion (100 hour) run to be completed in 1991. The facility gasifies 1700 pounds per hour of coal at 280 psig. Outlet gas temperature 
ranges from 830-1130°F. 

During a 43 hour period in a 60 hour run the hot gas cleanup system achieved an overall sulfur removal of 953 percent. 

GERMAN 1(1CC POWERPLANT - Stadtwerke Duisburg (C-229) 

The project for Stadtwerke Duisburg in Germany is based on the 1,200 TPD PRENFLO gasifier and two Siemens V64 gas tur-
bines. 

A detailed site-specific study was performed together with Siemcns/ICWIJ and Linde. Capacity was approximately 170 MWe. 
Alter the decision by the European Commission in favor of the Puertollano Project in Spain, the management of Stadtwerke Duis-
burg decided to stop all activities. 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
GFK Gesellschaft fur Kobleverflussigung MbH (C.230) 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Coprocessing) and coals with low ash contents, GFK favors a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been found that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

On the list of December 1989, GFK terminated the operation of its pilot and bench-scale facilities. The further development, par-
ticularly the demonstration of the counter-flow-reactor on the pilot scale, is now pursued within a cooperation with East Germany's 
company Maschinen unit Anlagenbau Grimma GmbH where an existing hydrogenation pilot-plant is presently being modified to 
the new concept. Operation began at the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS SYNFUELS PLANT - 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 plant designed to produce 250 million cubic feet per day to be constructed by late 1981. However, problems in financing the 
plant delayed the project and in 1976 the plant design was reduced to 125 million cubic feet per day. A partnership named Great 
Plains Gasification Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) 
Tenneco Inc., Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the 
partnership agreement, Great Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of 
the partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the synthetic natural gas (SNG) sold on 
an unregulated basis. In April 1981, an agreement was reached whereby the SNG would be sold under a formula that would esca-
late quarterly according to increases in the Producer Price Index with a cap equal to the energy-equivalent price of No. 2 Fuel Oil. 
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During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a subsidiary of 
Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's interest and 23 percent 
from Transco. 

Full-scale construction did not commence until August 6, 1981 when the United States Department of Energy (DOE) announced 
the approval of a $2.02 billion conditional commitment to guarantee loans for the project. This commitment was sufficient to cover 
the debt portion of the gasification plant, Great Plains' share of the coal mine associated with the plant, an SNG pipeline to con-
nect the plant to the interstate natural gas system, and a contingency for overruns. Final approval of the loan guarantee was 
received on January 29, 1982. The project sponsors were generally committed to providing one dollar of funding for each three dol-
lars received under the loan guarantee up to a maximum of $740 million of equity funds. 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor, i.e., a 
1373 million cubic foot per day design capacity) of high BTU pipeline quality SNG, 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 were ex-
pected to be required as feedstock. 

In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The SNG is marketed through a 34 mile long pipeline conrecting the plant with the Northern Border 
pipeline running into the eastern United States. 

In parallel with the above events, DOE and the Department of Justice (DOJ) filed suit in the District Court of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14, 1986 the North Dakota Court found the gas purchase agreements valid, that state law was not applicable and that plaintiffs 
(DOE/DO)) were entitled to a summary judgment for foreclosure. A foreclosure sale was held and DOE obtained legal title to 
the plant and its assets on July 16, 1986. This decision was upheld by the United States Court of Appeals for the Eighth Circuit on 
January 14, 1987. On November 3, 1987, the Supreme Court denied a petition for a writ of certiorari. 

The North Dakota District Court also held that the defendant pipeline companies were liable to the plaintiffs (DOE/DOJ) for the 
difference between the contract price and the market value price. This decision was upheld by the United States Court of Appeals 
for the Eighth Circuit on May 19, 1987. No further opportunity for appeal exists and the decisions of the lower court stands. 

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 had submitted the winning bid for approximately $85 million up-front plus future 
profit-sharing with the government. Two new Basin subsidiaries, Dakota Gasification Company (DGC) and Dakota Coal Com-
pany, operate the plant and manage the mine respectively. Ownership of the plant was transferred on October 31, 1988. 

Under Dakota Gasification ownership, the plant has produced SNG at over 125 percent of daily design capacity.. 

In 1989 DGC began concentrating on developing revenue from byproducts. On February 15, 1991, a phenol recovery facility was 
completed. This project will produce 35 million pounds of phenol annually, providing manufacturers an ingredient for plywood and 
chipboard resins. The first railcar of phenol was shipped in January 1991. DGC has signed contracts with three firms to sell all of 
its output of crude cresytic acids, which it produces from its phenol recovery project. 

Construction of a facility to extract krypton/xenon from the synfuel plant's oxygen plant was completed in March 1991. Rare gases 
are to be marketed to the lighting industry starting in early 1991. DGC signed a 15-year agreement in 1989 with the Linde Division 
of Union Carbide Industrial Gases Inc. to sell all of the plant's production of the krypton/xenon mixture. The first shipment of the 
product occurred on March 15, 1991. Other byproducts being sold from the plant include anhydrous ammonia, sulfur and liquid 
nitrogen. Argon, carbon dioxide, naphtha and cresote are also potential byproducts. 

In late 1990 DGC filed with the North Dakota State Health Department a revision to the applications to amend the Air Pollution 
Control Permit to Construct. The revised application defines the best available control technology to lower 502 and other emis- 
sions at the plant. 

In late 1990, DGC and DOE initiated a lawsuit against the four pipeline company purchasers contracted to buy SNG. The issues in 
these proceedings involve: the extent of the pipeline firms' obligations to take and provide transportation for SNG; whether the 
sales price of SNG has been understated; and whether the adjustment made by DGC to the rate the plant charges the pipeline 
companies to transport their SNG to a point of interconnection on the Northern Border Pipeline system is in accordance with con-
tract terms. 

Project Cost: $2.1 billion overall
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

HOT GAS CLEANUP PROCESS - Southern Company Services, Inc. and United States Department of Energy (C-257) 

Southern Company Services, Inc. (SCS) Birmingham, Alabama in 1990 began a five-year, $46 million effort to develop advanced gas 
cleaning systems that could be the final link between advanced coal-fired power generating concepts and the commercial 
marketplace. 

Southern Company will build and operate a state-of-the-art test Facility at Alabama Power Company's Wilsonville plant. When 
complete, this facility will be able to test innovative techniques for cleaning the gas produced by two advanced coal technologies-
pressurized fluidized bed combustion and gasification combined cycle systems. 

The new test facility at Wilsonville will move the hot gas cleanup techniques From laboratory research to integrated engineering 
tests. Actual gases from coal gasification or combustion will be used. 

SCS has a cooperative agreement with DOE to construct and operate a nominal 50 ton per day coal feed facility for long-term test-
ing of hot gas cleanup. The test facility will be designed to operate in either a gasification or a pressurized fluidized bed combus-
tion (PFBC) mode with gas temperatures up to 1,800°F and a system pressure of 300 psi. The gas generator will be designed to 
operate with an Eastern bituminous coal and an alternate Powder River subbituminous coal. Researchers will be able to evaluate 
the performance of the cleanup devices while varying gas temperatures, gas pressures, particulate levels, particulate sizes and types 
of coal. 

Design and construction of the test facility will take three years. Phase 1 of the project is the conceptual design which was initiated 
January 1, 1991. The detailed design in Phase 2 is expected to be completed by the fall of 1992. Construction of the facility is an-
ticipated to last 15 months, with operations targeted to begin by January 1994. A nominal two years of testing are provided for in 
the cooperative agreement. Southern Company Services and M. W. Kellogg of Houston, Texas will design the facility, which will be 
built by Alabama Power Company and operated by Southern Electric International Inc. The Southern Research Institute will 
oversee the evaluation of the cleanup systems. 

DOE is providing $36.8 million, or 80 percent of the contract's total cost. Southern Company Services, with support from the 
M. W. Kellogg Company and the Electric Power Research Institute, is providing the remaining $9.2 million. 

DOE is currently sponsoring two other coal research efforts at the Wilsonville plant, a test facility for coal liquefaction technology 
and a unit that cleans coal before it is used. 

Project Cat: $46 million 

HUMBOLT ENERGY CENTER PROJECT - Continental Energy Associates and Pennsylvania Energy Development Authority (C-265) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazie 
Township, Pennsylvania to produce low B'FU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility has been converted into a 135 megawatt anthracite refuse-fueled integrated gasification combined cycle cogeneration 
plant. Gas produced from anthracite coal in both the original facility and in new gasifiers is being used to fuel turbines to produce 
electricity. One hundred megawatts of power will be purchased by the Pennsylvania Power & Light Company over a 20-year 
period. Steam is also produced which is 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 over $100 million. The Pennsylvania Energy Development Authority authorized the bond 
placement by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

Project Cost: over $100 million 

HYCOL HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) 
(C-270) 

In Japan, the New Energy and Industrial Technology Development Organization (NEDO) has promoted coal gasification tech-
nologies based on the fluidized bed. These include the HYBRID process for high-BTU gas making and the low-BTU gas making 
process for integrated combined cycle power generation. NEDO has also started to develop coal gasification technology based on a 
multipurpose coal gasifier for medium-BTU gas.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The multipurpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. Construction of the pilot plant in Sodegaura, Chiba was completed in August, 1990. Operational research was to begin 
in 1991 after a trial run. 

The key technology of this gasification process is a two-stage spiral flow system. In this system, 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 downward spiral flow. As a result of this spiral flow, coal can stay for a longer period of time in the 
chamber and be more completely gasified. 

In order to obtain a higher gasification efficiency, it is necessary to optimize the oxygen/coal ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the lower stage burners generate high temperature gas. High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows: 

Coal feed 50 ton pe5 day 
Pressure 30 kg/cm g 
Temperature about 1,8000C 
Oxidant Oxygen 
Coal Feed Dry 
Slag Discharge Slag Lock Hopper 
Refractory Lining Water-cooled slag coating 
Dimensions Outer Pressure Vessel 2 Meters Diameter, 133 Meters Height 
Carbon Conversion 98 Percent 
Cold Gas Efficiency 78 Percent 
1,000 Hours Continuous Operation

The execution of this project is being carried out by the Research Association for Hydrogen from Coal Process Development, a 
joint undertaking by nine private companies, and is organized by NEDO. Additional research is 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. 

IGT MILD GASIFICATION PROJECT - Institute of Gas Technology (IC!'), Kerr-McGee Coal Corporation, Illinois Coal Develop-
ment Board (C-Zn) 

Kerr-McGee Coal Corporation is heading a team whose goal is to develop the Institute of Gas Technology's (IGT) MILDGAS ad-
vanced mild gasification concept to produce solid and liquid products from coal. The process uses a combined fluidized-
bed/entrained-bed reactor designed to handle Eastern caking and Western noncaking coals. 

The 24 ton per day facility will be built at the Illinois Coal Development Park near Carterville, Illinois. The 3-year program will 
provide data for scaleup production of coproducts for testin t. preparation of a detailed design for a larger demonstration unit, and 
the development of commercialization plans. 

Kerr-McGee Coal Corporation will provide the coal and oversee the project. Bechtel Corporation will design and construct the 
process development unit, and Southern Illinois University at Carbondale will operate the facility. IGT will supply the technology 
expertise and supervise the activities of the team members. 

The technology will produce a solid char that can be further processed into form coke to be used in blast furnaces as a substitute 
for traditional coke. Liquids produced by the process could be upgraded to make gasoline or diesel fuel or used to manufacture 
such materials as roofing and road binders, electrode binders, and various chemicals. 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

IMHEX MOLTEN CARBONATE FUEL CELL DEMONSTRATION - M-C Power Corporation, Combustion Engineering, Inc., 
Institute of Gas Technology (C-273) 

Despite being turned down for funding under the United States Department of Energy's Clean Coal Technology Round 3 
Program, M-C Power Corporation is going ahead with a demonstration project to repower an existing coal-fired powerplant 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 powerplants regardless of the fossil fuel for which they were initially designed. This =powering should 
result in more economic plants, with greater capacity and reduced emissions of SO  and NO, says M-C Power. 

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 would be located at the institute of Gas Technology's (lOT) Energy Development Center in Chicago, Il-
linois. The demonstration will use IGrs existing U-GAS coal gasifier and will produce 500 kilowalls of electricity. 

The demonstration project was scheduled to begin April 1, 1991 and will be completed September 30, 1994. Total estimated cost of 
the project is $22,700,000. 

M-C Power is testing a molten carbonate fuel cell with a cross-sectional area of 11 square feet, the largest ever operated in the 
United States. 

ISCOR MELTER-GASIFIER PROCESS - ISCOR, Voest-Alpine Industiieanlagenbau (C-275) 

An alternative steel process that does not use coke has been commercialized at ISCOR's Pretoria works (South Africa). Designed 
and built by Voest-Alpine lndustrieanlagenbau GmbH (Linz, Austria), the plant converts iron ore and coal directly into 
300,000 tons per year of pig iron in a melter-gasifier, referred to as the COREX process. Conventional techniques require use of a 
coke oven to make coke, which is then reacted with iron ore in a blast furnace. Production costs at the Pretoria plant are said to be 
30 percent lower than conventional method costs. 

Startup of the plant was in November 1989. Two separate streams of materials are gravity fed into the melter-gasifier. One stream 
is coal (03-0.7 tons of carbon per ton of pig iron produced) with ash, water and sulfur contents of up to 20 percent, 12 percent and 
13 percent, respectively. Lime is fed together with the coal to absorb sulfur. The second stream—iron ore in lump, sinter or pellet 
form—is first fed to a reduction furnace at 850-900 degrees C and contacted with reducing gas (65-70 percent CO and 20-25 percent 

U
from the melter-gasifier. This step reduces the ore to 95 percent metal sponge iron. The metallization degree of the sponge 
where it comes into contact with the 850-900 degree C hot reducing gas produced in the reduction furnace, is 95 percent on 

average. 

The sponge iron proceeds to final reduction and melting in the melter-gasifier, where temperatures range from 1,100 degrees C 
near the top of the unit to 1,500-1,700 degrees C at the oxygen inlets near the bottom. Molten metal and slag are tapped from the 
bottom. As a byproduct of the hot metal production export gas is obtained, which is a high quality gas with a caloric value of ap-
proximately 2000 kcal/Nm . Voest-Alpine says the pig iron quality matches that from blast furnaces, and that costs were $150 per 
ton in 1990. 

Voest-Alpine has also recently patented several schemes involving a fluidized bed meltdown-gasifier (United Slates Patents 
4,725,3, 4,728,360, 4,729,786, issued in 1988). Typically a fluidized bed of coke particles is maintained on top of the molten iron 
bath by blowing in oxygen-containing gas just at the surface of the molten metal. 

Voest-Alpine has been collaborating with Geneva Steel to demonstrate the technology in the United States, however, Geneva has 
shelved further action on the project after failing to receive funding in the DOE Clean Coal Technology Round 3. In 1990 Virginia 
Iron Industries Corporation announced plans to build a COREX plant in Hampton Roads, Virginia. (See Virginia Iron Corex 
Project C-613). 

The COREX process is being marketed as an environmentally superior method of iron making and claims significant reductions in 
dust, SO  and NO emissions compared to conventional methods. 

During 1990 the plant ran at 100 percent design capacity. 

K-FUEL COMMERCIAL FACILITY - K-Fuel Partnership (C-290) 

The K-Fuel process was invented by Edward Koppelman and developed further by SRI International between 1976 and 1984. In 
1984, K-Fuel Partnership (KFP) was formed to commercialize the process. KFP owns the worldwide patents and international 
licensing rights to the process in the United States and 37 foreign countries. 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 pressure 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 
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contain 60 percent more energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas 
from the process is utilized on site to provide the needed heat for the process. K-Fuel was tested at Wisconsin Power and light's 
(WPL) Rock River generating station near Beloit in south-central Wisconsin. The test was successful and Wisconsin Power has 
agreed to buy up to one million tons per year. 

KFP, headquartered in Denver, Colorado, owns and operates a full demonstration facility and research center at the Fort Union 
Coal Mine near Gillette, Wyoming. The laboratory and pilot facility, which can produce 25 tons of K-Fuel per day, has been in 
operation since July 1988. 

Wisconsin Power and Light plans to use K-Fuel at several of its facilities to meet new state and federal emission control require-
ments. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

WPL, through its wholly owned subsidiary called ENSERV Inc., has purchased an interest in the K-Fuel technology. A license for 
the use of the K-Fuel technology on coal only in North America was issued to Heartland Fuels Corporation (HFC), and ENSERV 
subsidiary. HFC made application for Funding to DOE under Round 4 of the Clean Coal Technology program but did not receive 
support. [fEC has since reached an agreement to merge its project with the Thermothem project, which did receive DOE support, 
and expects to announce the beginning of construction soon. 

RWE Energie AG, a sister company of Rheinbraun AG, has decided to build a combined-cycle power station with integrated 
gasification based on the High Temperature Winkler (HTW) technology. Raw brown coal with 50 to 60 percent moisture will be 
dried down to 12 percent, gasified and dedusted with ceramic filters after passing the waste heat boiler. After the conventional 
scrubber unit, the gas will be desulphurized and fed to the combined cycle process with an unfired heat recovery steam generator. 
This project is referred to as KOBRA (in German: Kombikraftwerk mit Braunkohlenvergasung, i.e. combined-cycle power station 
with integrated brown coal gasification). 

The capacity of the KOBRA plant will slightly exceed 300 MWe. The question of whether oxygen or air will be used as gasifying 
agent has not yet been decided, but irrespective of this the fuel gas will be prãduced in this demonstration plant by two gasifiers, 
each having a throughput of 1,800 tons per day of dried lignite. The gas turbine will have a rated capacity of about 200 MWe, and 
the overall plant is expected to reach a net efficiency of 46 percent. 

Beginning of construction is scheduled for 1993 and start up in 1995. The most important orders awarded so far were placed with 
the MAN company as the general contractor, the Uhde/Lurgi consortium for the engineering of the coal gasification system, and 
with the Siemens company for the delivery of the gas turbine (type 94.3). To implement this project, a task force comprising staff 
members of both RWE Energie AG and Rheinbraun AG started working in early 1990. To ensure that the plant can be con-
structed on schedule as from early 1993 and commissioned in late 1995, the orders relating to the desulphurization unit, the coal 
drying unit and some other large components were placed in 1990. Completion of the permit engineering is scheduled for mid-
1992, so that building and operating permits can be applied for. 

Of crucial importance for reaching a high overall efficiency is the coal drying system which reduces the moisture content of the raw 
brown coal to 12 percent. For this step, Rheinbraun's WTA process will be employed (WTA means fluidized-bed drying with inter-
nal waste heat utilization). 

To demonstrate the technology, a plant having a capacity of 20 tons per hour of dried lignite will be started up in 1992 for testing 
purposes. Engineering of this project is being handled by Lurgi GmbH. 

A successful test operation of the demonstration plant will provide the essential basis for the construction of commercial-scale 
power stations of this type. The start-up of a 600 MWe commercial-scale 10CC plant is scheduled for the turn of the century. This 
new generation of power stations will be characterized by a high overall efficiency, extremely low emissions, and low production 
costs. 

lAKESIDE REPOWERING GASIFICATION PROJECF - Combustion Engineering, Inc. and United States Department of Energy 
(DOE) (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 (HRSG). Steam from the gasification process and the HRSG 
will be used to power an existing steam turbine (25 MWe).



STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The project is selected for demonstration at the Lakeside Generating Station of City Water, Light and Power, Springfield, Illinois. 
The selected site with associated characteristics and costs includes repowering an existing steam turbine to produce 65 MWe via the 
combined cycle mode. 

The $270.7 million project will span 10 years, including 5 years needed to test and operate the system. The plant will continue to 
provide power to the city as part of its commercial grid during the testing period. 

Design work for the new integrated powerplant began in November 1990. The preliminary design package and plant cost estimates 
are complete. Gasifier groundbreaking is scheduled for September 1993, with initial coal-fired operation scheduled for mid-1995. 
Cold flow modeling of the gasifier internals and dry coal feed system continues. 

DOE is providing $129.4 million, or 48 percent, of the project's total cost. The remaining funds will be provided by Combustion 
Engineering, City Water, Light & Power, and the Illinois Department of Energy and Natural Resources. 

Project Cost:	 $270.7 million	 - 

LAPORTE ALTERNATIVE FUELS DEVELOPMENT PROGRAM - Air Products & Chemicals, Inc., Electric Power Research In-
stitute, and United States Department of Energy (DOE) (C-330) 

Air Products and Chemicals, Inc. is proposing a 36-month program to develop technologies for the conversion of coal-derived syn-
thesis gas to oxygenated hydrocarbon fuels, fuel intermediates, and octane enhancers, and to demonstrate the 

most promising tech-
nologies in DOE's Slurry Phase Alternative Fuels Development Unit (AFDU) at LaPorte, Texas. With emphasis on slurry phase 
processing, the program will initially draw on the experiences of the successful Liquid Phase Methanol (LPMEOH) program. See 
completed project LaPorte Liquid Phase Methanol Synthesis' in December 1991 Synthetic Fuels Report for details on the 
LPMEOH project. 

Air Products has been conducting laboratory investigations into the synthesis of dimethyl ether (DME) since 1985 in an effort to 
improve syngas. 

The alternative fuels development program aims to continue the investigations initiated in the above research program, with the 
principal objective being demonstration of attractive fuel technologies in the LaPorte AFDU. The focus is continued in pilot plant 
operations after a 12-18 month period of plant modifications. Certain process concepts such as steam injection, and providing H2 
via in situ water-gas shift, will assist in higher conversions of feedstocks which are necessary, particularly for higher alcohol syn-
thesis. 

Four operating campaigns are currently envisaged. The first will focus on increased syngas conversion to methanol using steam in-
jection and staged operation. The second will demonstrate production of dimethyl ether/methanol mixtures to (1) give optimum 
syngas conversion to storable liquid fuels, (2) produce mixtures for both stationary and mobile fuel applications, and (3) produce 
the maximum amount of DME, which would then be stored as a fuel intermediate for further processing to higher molecular- 
weight oxygenates. Economic, process, and market analyses will provide guidance as to which of these scenarios should be em- 
phasized. The third and fourth campaigns will address higher alcohols or mixed ether production. 	 - 

In the laboratory, the principal effort will be developing oxygenated fuel technologies from slurry-phase processing of coal-derived 
syngas using two approaches, (1) fuels from syngas directly, and (2) fuels from DME/methanol mixtures. Air Products has already 
demonstrated the unique ability of DME to act as a chemical building-block to higher molecular-weight oxygenated hydrocarbons. 

Project Cost $203 million FY91-FY93 

LUBECK 10CC DEMONSTRATION PLANT - PreussenElektra (0339) 

The project of PreussenElektra/Germany has a capacity of 320 MWe net based on hard coal and a net efficiency of 45 percent. 
PRENFLO gasification technology has been chosen for the gasifier. 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation ((>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 375 tons per day Texaco 
gasifier at the 200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. The gasifier was completed in 
1991, and has replaced an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - Coal Technology Corporation and United States Department of 
Energy (DOE) (C-370) 

Since the mid-1980s, Coal Technology Corporation (CrC), formerly UCC Research Corporation, has been investigating the 
pyrolysis of coal under sponsorship of DOE's Morgantown Energy Technology Center. This work initially was the development of 
a batch process demonstration unit having a coal feed capacity of 120 pounds per batch. The process produced coal liquids to be 
used for motor fuels and char to be potentially used for blast furnace coke and offgas. 

In January 1988, DOE and CC cost shared a $3,300,000 three-year program to develop a process demonstration unit for the 
pyrolysis of I, pounds/hour of coal by a continuous process. This work involved a literature search to seek the best possible 
process; and then after small scale work, a proprietary process was designed and constructed. The unit began operating in 
February 1991. Test runs have been made with seven different caking bituminous coals and no major differences in coke making 
were observed. 

In the CrC mild gasification process, coal is heated from ambient temperature to around 400°F in the first heat zone of the reac-
tor, and then to 800 to 900°F in the second heat zone. Lump char discharged from the reactor is cooled in a water jacketed auger 
to 300°F. At present, the char is stored, but in an integrated facility, the cooled char would then be crushed, mixed with binder 
material and briquetted in preparation for conversion to coke in a continuous rotary hearth coker. The moisture and volatile 
hydrocarbons produced in the reactor are recovered and separated in scrubber/condensers into noncondensibles gases and liquids. 

The coal liquid and coke (CLC) mild gasification technology to be demonstrated involves the production of two products from 
bituminous caking type coals: coal liquids for further refining into transportation fuels, and formed coke for foundry and blast fur-
nace application in the steel industry. The CLC process will continuously produce blast furnace quality coke within a 2-hour dun-
tión in a completely enclosed system. The coal liquids will be recovered at less than 1,000°F for further refining into transportation 
fuel blend stock. 

The processing involves feeding coal into three of Cit's proprietary mild gasification retort reactors operating at about 1,000°F to 
extract the liquids from the coal and produce a devolatized char. The hot char is fed directly into a hot briquette system along with 
additional coking coal to form what is called green briquettes. The green briquettes will directly feed into the specially designed 
rotary hearth continuous coking process for final calcining at 2,000°F to produce blast furnace formed coke. The small amount of 
uncondensed gases will be recirculated back through the system to provide a balanced heat source for the mild gasification retorts 
and the rotary hearth coking process. A total of 1,420 tons of coal per day will be used in the demonstration phase of this plant. 

Three companies in Virginia have agreed to cosponsor this project as equity participants: Norfolk Southern Corporation, Coal 
Technology Corporation, and Rapers Energy Company. The project was submitted to DOE under the Clean Coal Technology 
Program Round 4, but was not selected for funding. 

Project Cost: W million for the process demonstration plant in the Clean Coal Technology Proaram. Round 5 

MILD GASIFICATION OF WESTERN COAL DEMONSTRATION - AMAX, Western Research Institute (C-372) 

AMAX is planning a 1,000 ton per day mild gasification commercial demonstration plant at its Eagle Butte Mine near Gillette, 
Wyoming. Inclined fluid-bed reactors will be used for drying and mild gasification. Amax is studying ways to best market all of the 
char and liquid products produced. 

The first liquid product, dirty pitch, will be marketed as a binder for carbon anodes used in aluminum production. A lighter frac-
tion would be sold as chemical feedstock. The oil product will be used as diesel additive to run the heavy mine equipment or to 
spray on dry coal. 

Prefeasibility studies concluded that favorable economics depend upon upgrading the mild gasification chars to a higher value 
product. This is because char has lower volatile matter content and higher ash content than the starting coal. These characteristics 
make char a low value utility fuel. Arnax has been developing a char-to-carbon (CTC) process to convert the char to pure carbon 
and activated carbon. Pure carbon is to be used for the manufacture of carbon anodes in aluminum production or sold as carbon 
black. Its use as a premium fuel for gas turbines and heat engines offers the largest long-term market. The waste streams will be 
incinerated in an atmospheric fluidized-bed combustor which, in addition to supplying process heat, will produce electric power for 
export. 

A 100 pound per hour inclined fluid bed mild gasification process research unit has been operating at Western Research Institute 
since January 1990. A 50 pound per hour CTC process demonstration unit was started up at Amax Research and Development in 
Golden, Colorado in 1990. A proposal was submitted to the U.S. Department of Energy in 1990 for design, construction, operation 
and evaluation of 20 ton per day integrated process development unit at Golden. 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

MONASI-1 HYDROLIQUEFACTION PROJECT - Coal Corporation of Victoria and Monash University (C-380) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria nrc conducting a major 
investigation into the structure and hydroliquefaction of Victorian brown coal. Batch autoclave and other studies are being con-
ducted. 

The work is largely supported by the Coal Corporation of Victoria and NERDDC. 

Earlier studies on the hydroliquefaction of brown coal have led to a more detailed study of its structure and reactivity and are 
based on extensive collaborations with a number of other laboratories in Australia. These led to the proposal of a guest/host 
model for brown coal which more recent results suggests may represent an oversimplification of coal structure. The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignocellulosic polymer has yet to be defined. 

The use of sodium aluminate as a promoter for the reaction of brown coal with carbon monoxide and water, leading to high yields 
of low molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Some 
success has been achieved in characterizing the aluminum species responsible for promoting these reactions but further work is re-
quired. 

Partial oxidation of brown coal is thought to be adventitious for hydroliquefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress. Investigations are underway into the isolation and characterization 
of potentially useful products which can be extracted from brown coal.	 - 

Project Cost: $2.0 million (Australian) since commencement 

MONGOLIAN ENERGY CENTER - People's Republic of China (C-390) 

One of China's largest energy and chemical materials centers is under construction in the southwestern part of Inner Mongolia. 
The first-phase construction of the Jungar Coal Mine, China's potential largest open-pit coal mine with a reserve of 25.9 billion 
tons, is in fun swing and will have an annual capacity of IS million tons by 1995. 

The Ih Je League (Prefecture) authorities have made a comprehensive development plan including a 1.1 billion yuan complex which 
will use coal to produce chemical fertilizers. A Japanese company has completed a feasibility report. 

The region may be China's most important center of the coal-chemical industry and the ceramic industry in the next century. 

MRS COAL IJYDROGENATOR PROCESS PROJECT - British Gas plc and Osaka Gas Company Ltd. (C400) 

Work is being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to produce methane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) coal hydrogenator incorporating internal gas 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 hydrogenation gas preheat as found in earlier work. 

A 200 kilogram per hour pilot plant was built to prove the reactor concept and to determine the overall process economics. The 
process uses an entrained flow reactor with internal gas recirculation based on the Gas Recycle Hydrogenator (GRH) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was successfully completed. An Engineering and Costing Study of the commercial process concept confirmed 
overall technical feasibility and exceptionally high overall efficiency giving attractive economics. 

In December 1988, the sponsors went ahead with the second stage of the joint research program to carry out a further two year 
development program of runs at more extended conditions and to expand the pilot plant facilities to enable more advanced testing 
to be carried out. 

Through 1989, performance tests have been conducted at over 43 different operating conditions. Four different coals have been 
tested, and a total of 10 tonnes have been gasified at temperatures of between 780 degrees centigrade and 1,000 degrees centigrade. 
The initial plant design only allowed tests of up to a few hours duration to be carried out. The plant was modified in early 1990 to 
provide continuous feeding of powdered coal and continuous cooling and discharge of the char byproduct and was operated in this 
mode starting in the second half of 1990.
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COMMERCIAL AND R&D PROJECTS (Continued) 

Under consideration as of 1992 is a 50 ton per day demonstration plant to be built in Ja pan in cooperation with Osaka Gas. 

Project Cost: 	 Phase I	 $16 million 
Phase II	 $7.4 million 

NEDO 10CC DEMONSTRATION PROJECT - New Energy and Industrial Technology Development Organization (NEDO) (C408) 

NEDO is studying integrated gasification combined cycle technology as part of a national energy program called the Sunshine 
Project. A 200 ton per day pilot plant has been constructed at the Nakoso power station site in Iwaki City, Fukushima Prefecture. 
The pilot began operating in March 1991. 

The plant, which is designed to produce 42,900 cubic meters of synthetic gas per hour, is expected to operate for about 3 years 
using tour different kinds of coal. The gasifier is an air blown, two stage entrained flow type with a thy-feeding system. 

NEDO's goal is to develop a 250 megawatt demonstration plant by the year 2000 that has a net thermal efficiency greater than 
43 percent and better operability than existing pulverized coal-fired plants. In order to obtain this goat, the development of the 
entrained flow gasification pilot plant will be followed by a fluidized bed gasification pilot plant. 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (C410) 

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 coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 150 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

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 (PDU5) 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 hydrotrcated 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, 
five different coals were processed in the bench scale unit with encouraging results. 

Project Cost: 100 billion yen, not including the three existing PDU 

P-CIG PROCESS - Interproject Service AB (Sweden) and Nippon Steel Corporation, Japan (0455) 

The Pressurized-Coal Iron Gasification process (P-aG) 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 CR) 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 at the Metallurgical Research Station in Lulea, Sweden. The P-CG 
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 F-CIG Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the future in Sweden. 

For the 500 tons of coal per day demonstration plant design, the gasification system consisted of a reactor with a charge weight of 
40 tons of iron. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with five tons of flux and injected 
together with 9,000 cubic meters of oxygen gas.
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COMMERCIAL AND R&D PROJECTS (Continued) 

PETC GENERIC COAL LIQUEFACTION PLANTS—United States Department of Energy (DOE), M.W. Kellogg Company (C-457) 

DOE's Pittsburgh Energy Technology Center (PETC) has awarded Kellogg a contract to engineer, fabricate, install and commis-
sion three generic pilot plants to be installed at the center. The plants, which will be skid mounted, include direct coal liquefaction, 
indirect coal liquefaction, and product upgrading units. These pilot plants will be used by PETC to test new concepts for improving 
these processes and will allow testing of new processes and catalysts by outside contractors who do not have facilities for such test-
ing. The facilities are scheduled to be completed in 1994. 

PINON PINE 10CC POWERPLANT - Sierra Pacific Power Company, M.W. Kellogg Com pany (C-458) 

Sierra Pacific Power Company is planning to build an 80 MW integrated gasification combined cycle plant at its Tracy Powerplant 
site, east of Reno, Nevada. The plant will incorporate an air-blown KRW fluidized bed gasifier producing a low-BTU gas for the 
combined cycle powerplant. The demonstration project will have a heat rate of 9,5W BTU/kWh. 

Dried and crushed coal is introduced into a pressurized, air-blown, fluidized-bed gasifier through a lockhopper system. The bed is 
fluidized by the injection of air and steam through special nozzles into the combustion zone. Crushed limestone is added to the 
gasifier to capture a portion of the sulfur introduced with the coal as well as to inhibit conversion of fuel nitrogen to ammonia. The 
sulfur reacts with the limestone to form calcium sulfide which, after oxidation, exits along with the coal ash in the form of ag-
glomerated particles suitable for landfill. 

Hot, low-BTU coal gas leaving the gasifier passes through cyclones which return most of the entrained particulate matter to the 
gasifier. The gas, which leaves the gasifier at about 1,700 F, is cooled to 1,050°F before entering the hot gas cleanup system. 
During cleanup, virtually all of the remaining particulates are removed by ceramic candle filters, and final traces of sulfur are 
removed in a fixed bed of zinc ferrite sorbent. 

In the demonstration project, a nominal 800 tons per day of coal is converted into 86 megawatts; support facilities for the plant re-
quire 6 megawatts, leaving 80 megawatts for export to the grid. The plant has a calculated heat rate of 9.082 BTU per kilowatt-
hour (HHV). The project will be designed to run on Western subbituminous coal from Utah; operation with higher sulfur and 
lower rank coals also is being considered. 

The U.S. Department of Energy (DOE) has agreed to fund half of the $270 million project cost. The project is funded by DOE 
through the Clean Coal Technology Program, Round 4. Sierra Pacific Power will fund the remaining 50 percent. 

Foster Wheeler USA Corp. has been contracted to provide design, engineering, construction, manufacturing and environmental 
services for the project. 

After the permitting process, construction of the plant could begin in 1993. Completion is estimated for 1996-1997 

Project Cost:	 $270 million 

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 achieved. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coat 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 carried out, with over 100 tons of coal processed in steady-state parameters. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

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. 
PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers 0mW-I (1(K) ((>470) 

Krupp Koppers (1(K) of Essen, West Germany (in United States known under the name of GKT Gesellschaft fuer Kohle-
Technologie) are presently operating a 48 ton per day demonstration plant and designing a 2,400 ton per day module for the 
PRENFLO process. The PRENFLO process is KK's pressurized version of the Koppers-Totzek (IC!) flow gasifier. Detailed en-
gineering has been completed for a 1,200 ton per day module. 

In 1973, KK started experiments using a pilot 1(1' gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BV and KK for a cooperation in the development of the pressurized version of the KT 
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. Alter completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENFLO 
process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput at an operating pressure 
of 30 bar. The plant is located at Fuerstenhausen, West Germany. In over 8,000 hours of test operation nine different fuels with 
ash contents of up to 40 percent were successfully used. All fuels used are converted to more than 98 percent, and in the case of fly 
ash recycled to more than 993 percent. 

Project Cost: Not disclosed 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kellogg Company (C473) 

In September of 1988, Kellogg was awarded a contract by the DOE to study the application of transport mode gasification and 
combustion of coal in an Advanced Hybrid power cycle. The study was completed in 1990 and demonstrated that the cycle can 
reduce the cost of electricity by 20-30 percent (compared to a PC/FGD system) and raise plant efficiency to 45 percent or more. 

The Hybrid system combines the advantages of a pressurized coal gasifier and a pressurized combustor which are used to drive a 
high efficiency gas turbine generator to produce electricity. The proprietary Kellogg system processes pulverized coal and lime- 
stone and relies on high velocity transport reactors to achieve high conversion and low emissions. 

DOE, in late 1990, awarded a contract to Southern Company Services, Inc. for addition of a Hot Gas Clem nup Test Facility to their 
Wilsonville test facility. The new unit will test particulate removal devices for advanced combined cycle systems and Kellogg's 
Transport gasifier and combustor technology will be used to produce the fuel gas and flue gas for the testing program. The reactor 
system is expected to process up to 48 tons per day of coal. 15CC Hot Gas Cleanup Process (C-257)J. 

Kellogg has built a bench scale test unit to verify the kinetic data for the transport reactor system and has com pleted testing in both 
gasification and combustion modes, usin g bituminous and subbituminous coals. The results in both modes have verified the con-

The gasifier converts part of the coal to a low-WFU 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. 

DOE has also approved the design, fabrication, installation and operation of a Process Development Unit (PDU) based upon 
Kellogg's Transport gasification process at the University of North Dakota, Energy and Environmental Research Center 
(UNDIEERC). The unit will process2.4 tons per day of pulverized bituminous coal. 

DOE's Morgantown Energy Technology Center has awarded Kellogg a contract for experimental studies to investigate in-situ 
desulfurization with calcium-based sorbents. The testing, which will be conducted at Kellogg's Houston Technology Development 
Center, will investigate the effects of the sorbents on sulfur capture kinetics and carbon conversion kinetics, and the mechanism for 
conversion of calcium sulfide to calcium sulfate in second generation (hybrid) pressurized fluid bed combustion systems. 

PUERTOLLANO IGCC DEMONSTRATION PLANT - Empress Nacional de Electricidad, S.A. (ENDESA) (C476) 

The Spanish utility company ENDESA together with EDF/France, IBERDROLA/Spain, Hidroelectrica del Cantabrico/Spain, 
SEVILLANA/Spain, ENEL/Italy, and EDP/Portugal are involved in the Pucrtollano project. The project also has the European 
Economic Commission support, under the Thermie Program.
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The proposed project has a capacity of approximately 380 MWe, which is influenced by the type of gas turbine selected (Siemens or 
Alsthom). The PRENFLO gasification technology has been chosen for the gasifier. 

The plant configuration is single-train throughout. Using oxygen and steam, about 100 tons of coal per hour will be gasified. The 
required oxygen, approximately 90 tons per hour, will be produced in a single-train air separation unit. The resulting coal gas will 
be dedusted, desulfurized and saturated in a single-train configuration and then combusted in a single combustion turbine. 

A 58150 mixture of Puertollano coal and petroleum coke from the Puertollano Petroleum Refinery is intended to be the main 
feedstock for this project. Coals from England, Spain, France, the United States, China, Austria, Columbia, Germany, Poland and 
South Africa will also be tested over the 3-year demonstration period. 

SO Emission values of 10 mg/m3n and NO values of 60 mg/m3n are expected in the exhaust gas (based on 15 volume percent 
oxygen). I 

Civil work is scheduled to begin in November 1992 with construction of the combined cycle components completed by December 
1994. The gasification island is scheduled to be completed by December 1995, and commissioning with coal gas would take place in 
January 1996. The demonstration period, then, would be From 1996 to 1998. 

RJ-IEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT' - Rheinische Braunkohlenwerke AG, Uhde GmbH, Lurgi 
GmbH, German Federal Ministry for Research & Technology (C488) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High-Temperature Winkler fluidized bed gasifica-
tion process. In 1990 Lurgi joined the commercialization effort. 

Based on operational experience with various coal gasification processes, especially with ambient pressure Winkler gasifiera, 
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 Ubde GmbH. 

The development was started at the 'Institut fur Eisenhuttenkunde' of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pie-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 tat 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,ODO 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 
1,880 kilograms per hour coal, the synthesis gas output of more than 7,780 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 H'I'W pilot plant in the spring of 1984 the Kemira Oy Company of Finland decided 
to convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the HTW process. The 
plant was designed to gasify approximately 658 tons per day of peat at 10 bar and press it to 280 tons per day of ammonia. This 
plant started up in 1988 and is operating successfully. 

R1,einbraun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters of syngas per year. 
All engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant is pipelined to DEA-Union Kraftstoff for methanol production testing periods. From startup 
in January 1986 until the end of October 1991 about 755,000 tonnes of dried brown coal, especially high ash containing steam coal, 
were processed in about 31,980 hours of operation. During this time, about 996 million cubic meters of synthesis gas were 
produced. 

A new pilot plant, called HTW-pressurized plant, for pressures up to 25 bar and throughputs up to 6.5 tonnes per hour was erected 
on the site of the former pilot plant of hydrogasification and started up in November 1989. From mid-November 1989 to early July 
1990, the plant was operated at pressures between 10 and 25 bar, using oxygen as the gasifying agent. Significant features of the 
25 bar gasification are the high specific coal throughput and, consequently, the high specific fuel gas flow of almost 100 MW per 
square meter. In mid-1990, the 25 bar l-ITW plant was modified to permit tests using air as the gasifying agent. Until the end of 
October 1991 the plant was operated for 7,515 hours at pressures of up to 25 bar, oxygen blown as well as air blown. Under all test 
and operating conditions gasification was uniform and trouble free. 

Typical results obtained are: up to 95 percent coal conversion, over 70 percent cold-gas efficiency and 50 MW specific fuel gas 
flow per square meter air blown and 79 percent cold-gas efficiency and 105 MW tb specific fuel gas flow per sqd&re meter oxygen 
blown.
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This work is performed in close co-ordination with Rbeinbraun's parent company, the Rheinisch-Westfalisches Elektriritatgwerk 
(RWE), which operates power stations of a capacity of some 9,300 megawatts on the basis of lignite. Since this generating capacity 
will have to be renewed after the turn of the century, it is intended to develop the 10CC technology so as to have a process avail-
able for the new powerplants. Based on the results of these tests and on the operating experience gained with the HTW pres-
surized plant, a demonstration plant for integrated HTW gasification combined cycle (H'I'W-IGCC) power generation is planned 
which will go on stream in 1995 and will have a capacity of 300 MW of electric power. See KOBRA HTW-IGCC Project (C-294). 

Project Cost: Not disclosed 

SASOL - Sasol limited (C-490) 

Sasol limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The 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 Swell Two and Three plants, at Secunda-
situated on the Eastern Highvcld 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 sewed as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 
120 tons, of oxygen, 26,000 tons; and of water, 160 megaliters. Sasol's facilities at Secunda for the production of oxygen are by 
far the largest in the world. 

Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Rectisol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Synthol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulfur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division. The primary fuels produced by Sasol at Secunda are probably among the most environ-
mentally acceptable in the world. The gasoline that is produced has zero sulfur content, is low in aromatics and the level of 
oxygenates means n relatively high octane number. An oxygenate-containing fuel, as a result of the lower combustion temperature, 
results in a generally lower level of reactive exhaust constituents. 

The blending of synthetic gasoline with alcohols (ethanol as well as high fuel alcohols) presented a particular challenge to Sasol. 
Sasol erected research and development facilities to optimize and characterize fuel additives. Whereas carburetor corrosion with 
alcohol-containing gasoline occurs with certain alloys used for carburetors, Sasol has now developed its own package of additives to 
the point where a formal guarantee is issued to clients who use Sasol fuel. 

The diesel fuel is a zero sulfur fuel with a high octane number and a paraffin content that will result in a lower particulate emission 
level than normal refinery fuel. 

Sasol's Mining Division manages the fiveSasol-owned collieries, which have an annual production in excess of 43 million tons of 
coal. The collieries comprisedof the ihi! Secunda Collieries (including the new open cast mine, Syferfontein), which form the 
largest single underground coal mining complex in the world, and the Sigma Colliery in Sasolburg: 

A technology company, Sastech, is responsible for the Group's entire research and development program, process design, engineer-
ing, project management, and transfer of technology. 

Sasol approved in 1990 six new projects costing $451 million as part of an overall $2j billion program over the next five years. The 
first three projects are scheduled for completion by January 1993. 

Sasol has increased its production of ethylene by 55,000 tons per year, to a current level of 400,000 tons per year, by expanding its 
ethylene recovery plant at Secunda. 

The company's total wax producing capacity will be doubled from its current level of 64,000 tons per year to 123,000 tons per year. 

The 70,000 ton per year Sasol One ammonia plant is to be replaced by a 240,000 ton per year plant, which is expected to supply 
South Africa's current ammonia supply shortfall. 

A new facility is hjLng built as Sasol One to manufacture paraffinic products for detergents. The other three newly approved 
projects, which will be located at Sasol's Secunda facilities, are: 

An n-butanol plant to recover acetaldehyde from the Seconds facilities and to produce 17,500 tons per year of 
n-butanol is being built. The plant is expected to come on stream in January 1992. 
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Sasol will construct a delayed coker &sjlj!x to produce green coke, and a calciner to calcinate the green coke to 
anode coke and needle coke. The anode coke is suitable for use in the aluminum smelting industry. They are 
scheduled to be in production by March 1993. 

A flexible plant to recover 100,000 tons per year of 1-hexane or 1-pentone will be built to come online in January 
1994. 

Krypton and xenon gases will be recovered from the Secunda oxygen units. 

A major renewal project at Sasol One includes an expansion of the fixed bed Fischer-Tropsch plant. The renewal also includes 
shutting down much of the synthetic fuels capability at this plant. 

Project Cost': SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

*At exchange rates ruling at construction 

SCOTIA COAL SYNVUEIS PROJECT - DEVCO; Alastair Gillespie At Associates Limited; Gulf Canada Products Company; 
NOVA, Nova Scotia Resources Limited; and Petro-Canada (C-SaG) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 2  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 US$375 million. Net  operating costs are es-
timated at less than US$20 per barrel. 

In late 1988 Hydrocarbon Research Inc. (HRI) was commissioned by Scotia Synfuel Ltd. to perform microautoclave and bench 
scale tests to demonstrate the feasibility of their co-processing technology using Harbour seam coal and several oil feedstocks. In 
early 1989, Bantrel Inc. (a Canadian engineering firm affiliated with Bechtel Inc.), was commissioned to develop a preliminary 
process design. 

Scotia Synfuels and partners have concluded an agreement with the Nova Scotia government supported by the federal government 
for financial assistance on a $23 million coprocessing feasibility study. The study was completed in 1990. 

Based on the test program results, material and energy balances were developed for a commercial facility. An economic model was 
developed to analyze a number of options. The model incorporated government investment support programs available in eastern 
Canada. .The primary incentives were investment tax credits and loan financing. 

Discussions on project financing continued in 1991 with the governments of Canada and Nova Scotia and private corporations. 

Project Cost	 Approximately $23 million for the feasibility study 
Approximately (:3500 million for the plant 

SEP IGCC POWERPLANT - Demkolec B y. (SEP) (C-520) 

In 1989, Demkolec, a wholly owned subsidiary of Samenwerkende Elektriciteits-Pmduktiebedrijven (SEP), the Central Dutch 
electricity generating board, started to build a 253 megawatt integrated coal gasification combined cycle (IGCC) powerplant, to be 
ready in 1993. 

SEP gave Comprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/Lurgi. In April 1989 it was announced that the Shell process had been chosen. The location of the coal 
gasification/combined cycle demonstration station is Buggenum, in the province of Limburg, The Netherlands. 

The coal gasification facility will employ a single 2,000 ton per day gasifier designed on the basis of Shell technology. The clean gas 
will fuel a single shaft Siemens V94.2 gas turbine (156 MWe) coupled with steam turbine (128 MWc) and generator. The coal 
gasification plant will be fully integrated with the combined cycle plant, including the boiler feed water and steam systems addition-
ally the compressed air for the air separation plant will be provided as a bleed stream from the compressor of the gas turbine. The 
design heat rate on internationally traded Australian coal (Drayton) is 8,240 BTU/kWh based on coal higher heating value (HHV). 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Environmental permits based on NO emissions of 0.17 lb/MMBTU and SO emissions of 0.06 Ib/MMBTU were obtained in April 
1990. Construction began in July 1A and start of operation is scheduled fir September 1993. When operation bcgins, the Dem- 
kolec plant will be the largest coal gasification combined cycle powerplant in the world. Commissioning of the main plant system is 
scheduled to take place in January throuth July 1993. 

Alter three years of demonstration (1994 to 1996), the plant will be handed over to the Electricity Generating Company of South 
Netherlands (N.V. EPZ). 

Project Cost: DII. 880 million (1989) 

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,ODO tons per year of acetate fiber. Completion is due in 
1992. 

SHOUGANG COAL GASIFICATION PROJECT - People's Republic of China (C-527) 

The Shougang plant will gasify 1,170 tons per day of Chinese anthracite using the Texaco coal gasification process. The gasification 
plant will produce fuel gas for an existing steel mill and town gas. The detailed design is being completed and equipment fabrica-
tion is underway. The plant is expected to be operational in late 1992. 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-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 6 foot diameter and a throughput of 300 tons per day.) The plant successfully operated on a wide range 
of British and American coats, including strongly caking and highly swelling coals. The ability to use a 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. Byproduct hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier was carried out successfully be-
tween 1975 and 1983. Total operating time was over one year and over 100,ODD tons of coal were gasified. 

A second phase, started in November 1984, was the demonstration of a 500 ton per day (equivalent to 70 megawatts) gasifier with a 
nominal inside diameter of 7.5 feet. Integrated combined cycle tests were carried out with an SK 30 Rolls Royce Olympus turbine 
to generate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 
1,950°F, a compression ratio of 10, and a thermal efficiency of 31 percent. By 1989 this gasifier had operated for approximately 
1,300 hours and had gasified over 26,000 tons of British and American (Pittsburgh No.8 and Illinois No. 6) coals. 

The 500-ton per day gasifier was operated at 25 bar until the end of 1990. 

An experimental gasifier designed to operate in the fixed bed stagger mode at pressure up to 70 atmospheres was constructed in 
1988. It was designed for a throughput of 200 tons per day. This unit was o perated through 1991. Operation of the gasifier was ex-

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.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-ICoppers and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag. and Krupp-Koppers. Heads of Agreement were 
signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rlieinbraun HTW gasifier and per-
form a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten lonnes of Bowmans coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, ERG, in August 1985, and a further 500 tonnes 
were tested in the 40 ton per day Rheinbiaun pilot plant at Frechen-Wachtberg. ERG in December 1986. 

The third phase, the detailed costing and feasibility study, was deferred indefinitely in 1988 due to deferred need for new electric 
capacity with significantly reduced electricity load growth. 

Project Cost: DM 7-5 million 

SYNTHESEGASANLAGE RUHR (SAR) - Ruhrkohle Oct and Gas GmbH and Hoechst AG (C-560) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The 800 tons per day coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to 
be fed into the Ruhrchemie's oxosynthesis plants. The gasification plant has been 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 Ger-
many. 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) 

TAMPELLA 10CC PROCESS DEMONSTRATION - Tampella Power (C-565) 

After having obtained the rights to the Institute of Gas Technology's fluidized bed gasification technology in 1989, Tampella Keeler 
began to design and initiate construction of a 10 MW thermal pilot plant at their research facilities in Tampere, Finland. The pilot 
plant is considered essential for determining operating parameters for specific coals and for continuing process development in the 
areas of in-gasifier sulfur capture and hot gas cleanup. The pilot plant will be operational in early 1991. 

The pilot plant is designed so that alternative hot gas filters and zinc ferrite absorber/regenerator design concepts can be 
evaluated. The gasifier is 66 foot tall, with an inside diameter ranging from 2 to 4 feet. The gasifier will be capable of operating at 
pressures up to 425 psig. 

After the pilot plant construction was underway, Tampella turned its attention towards locating a demonstration project in Finland 
and one in the U.S. A cogeneration project to be located at an existing papennill has been selected as the basis for the demonstra-
tion in Finland. The gasifier will have a capacity of 150 MW thermal which is equal to about 500 tons per day of coal consumption. 
The plant will produce about 60 MW of electricity and about 60 MW equivalent of district heating. 

In September, 1991 Tampella received support from the U.S. Department of Energy (DOE) to build an integrated gasification 
combined-cycle demonstration facility, known as the Toms Creek 10CC Demonstration Project, in Coeburn, Wise County, Virginia 
(see project C-580, below). The Toms Creek Project will utilize Tampella Power's advanced coal gasification technology to 
demonstrate improved efficiency for conversion of coal to electric power while significantly reducing SO  and NO emissions. 

ThCO IGCC PIANF - Teen Power Services, U.S. Department of Energy (C-567) 

A 260 MW(e) coal-gas based combustion turbine combined cycle power generating system is planned for Lakeland, Polk County, 
Florida. The plant will include an integrated gasification system providing fuel to a conventional combustion turbine combined 
cycle base load unit. 

The project, originally proposed as a 120 MW independent power project costing $400 million, was to be built on a site outside Tal-
lahassee, Florida near the existing Arvah B. Hopkins Power Station. Public opposition and stalled negotiations with city officials 
forced Tampa Electric to change the location. A nominal 1,900 tons per day of coal will be converted to electricity. High-sulfur Il-
linois Basin coal will be used. 

The integrated gasification combined cycle (10CC) project is being developed by TECO Power Services (TI'S), a subsidiary of 
Tampa Electric. TI'S will develop the project under commercial terms and conditions using a United States Department of Energy 
program subsidy to reduce financial risks associated with the coal gasification phase of the plant. 
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STATUS OF COAL PROJECTS (Underline denotes changes since September 19fl) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The Texaco Gasification Process has been selected for integration with a combined cycle power block. Startup is expected in 1996. 

Project Cost:	 $2413 million 

TEXACO COOL WATER PROJECT - Texaco Syngas Inc. and Air Products and Chemicals, Inc. (C-569) 

Original Cool Water participants built a 1,000-1,2(K) 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. Plant construction, which began in Decem-
ber 1981, was completed on April 30, 1984, within the projected $300 million budget A 5-year demonstration period was com-
pleted in January 1989. See tool Water Project' in the December 1991 issue of the Synthetic Fuels Report, Status of Projects sec-
tion for details of the original completed project. 

Texaco plans to modify and reactivate the existing facilities to demonstrate new activities which include the addition of sewage 
sludge into the coal feedstock, production of methanol, and carbon dioxide recovery. 

Texaco intends to use a new application of Texaco's technology which will allow the Cool Water plant to convert municipal sewage 
sludge to useful energy by mixing it with the coal feedstock. Texaco has demonstrated in pilot runs that sludge can be mixed with 
coal and, under high temperatures and pressures, gasified to produce a clean synthesis gas. The plant will produce no hannful 
byproducts. 

Texaco will participate with Air Products, Chemical Inc. and the Department of Energy (DOE) to demonstrate the production of 
up to 150 TPD of liquid phase methanol (LFMEOH) under a U.S. Department of Energy Clean Coal Technology Round 3 award. 
Texaco also plans to recover approximately 200 TPD of liquid CO 2. Texaco has submitted permit applications to the California 
Energy Commission and the U.S. Environmental Protection Agency and has received Federal Energy Regulatory Commission 
designation as a Qualifying Facility Cogenerator. DOE will fund 43 percent of the $213.7 million project cost. The liq uid phase 

demand.  

The methanol produced in the demonstration will be tested both on-site at the Cool Water facilit y, and in off-site boiler and 
transportation applications- including bus and van pool tests in the Los An geles, California and Charleston, West Vir ginia areas. 

Acquisition of the plant is conditioned upon finalizing the terms of the purchase agreement and the completion of negotiations with 
utilities for the sale of electricity to be produced. 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 plant for modifications and additions 
aimed at reopening the facility in late 1993. This will be followed, startin g in 1995. by a 4-year operation and test period. 

Project Cost:	 $263 million for original Cool Water Coal Gasification Program 
$213.7 million for the commerical demonstration of the liquid-phase methanol process 

TEXACO MONI'EBELLO RESEARCH LABORATORY STUDIES - Texaco Inc. (C-571) 

Texaco has a number of on-going coal gasification research and development programs at its Montebello Research Laboratory 
(MRL). MRL is a major pilot-scale process development facility which has been involved in gasification research since 1946. It 
currently has three gasifiers with rated capacities of 15-30 tons per day of coal. These units are also capable of feeding a wide range 
of other solid and liquid fuels. 

MRL serves the dual purpose of doing research and pilot unit testing for the development of the Texaco Gasification Process 
(MP), and obtaining data required for the design and environmental permitting of commercial plants. In recent years, the 
research emphasis has expanded to include the improved integration of the gasification process with the overall chemical or 
powerplant. This has involved the development of high temperature syngas cleanup technology (jointly funded by the U.S. Depart- 
ment of Energy), improved low temperature acid gas removal processes and engineering studies aimed at increasing the efficiency 
and reducing the cost of Texaco gasification based chemical and power generation plants. 

In addition, the research also continues to expand the already wide range of feeds which can be gasified by the TOP. Recent work 
has included oily wastes, Orimulsion, contaminated soil and sewage sludge.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

ThERMOCIIEM PULSE COMBUSTION DEMONSTRATION - ThennoChem, Inc., Weyerhauser and U.S. Department of Energy 
(C-Sn) 

ThennoChem will demonstrate Manufacturing and Technology Conversion International's (MTCI) pulse combustor in an applica-
tion for steam gasification of coal. This gasification process will produce a medium BTU content fuel gas from subbituminous coal 
at Weyerhauser Paper Company's Containerbeard Division mill in Springfield, Oregon. The fuel gas and byproduct steam 
produced by this demonstration unit will be used in the mill to offset use of existing hog-fuel boilers: The eventual replacement of 
all existing live hog-fuel boilers is contemplated. 

This demonstration will be of an industrial size gasifier. The heat required For the gasification will be supplied by the combustion 
of cleaned gasification products (fuel gas) in numerous pulsed combustion tubes. The products of pulsed combustion are separated 
from the gasification products. Since no dilution of the byproducts of combustion or of gasified fuel gas occurs, a medium BTU 
content fuel (500 BTU/scf) gas will be produced. The turbulent nature of the pulsed combustor contributes to a high combustion 
heat release density and high heat transfer rates to the gasifier bed. The fluidized bed coal gasifier also offers high turbulence and 
heat transfer rates. 

The objective of the TherinoChem project is the demonstration of a 420 ton per day (as-received coal) novel coal gasification unit. 
It will supply a product fuel gas with a heating value of 161.2 million BTU/hr for boiler fuel. Use of the fuel gas in place of hog-
fuel boilers will lower particulate emissions at the host facility. Another goal of the project is to determine whether gasification can 
be used on other potential energy sources, such as pulp-making byproducts. 

The U.S. Department of Energy will fund 50 percent of the project under Round 4 of the Clean Coal Technology Program. 
Weyerhauser and ThermoChem will split the rest of the project. 

Project Cost:	 $373 million 

TOM'S CREEK 1(3CC DEMONSTRATION PLANT - TAMCO Power Partners and U.S. Department of Energy (C-580) 

TAMCO Power Partners, a partnership between Tampella Power Corporation and Coastal Power Production Company will build 
an integrated gasification combined cycle powerplant in Coeburn, Virginia. The U.S. Department of Energy will fund 50 percent of 
the $291 million project under Round 4 of its Clean Coal Technology Program. 

The project will demonstrate a single air blown fluidized bed gasifier, based on the U-GAS technology developed by the Institute of 
(ins Technology. The plant will burn 430 tons per day of local bituminous coal and produce a net 55 MWe. Power will be genera-
ted with two gasifiers (one coal gas fired, one natural gas fired), and one steam turbine. 

Project sponsors have had trouble finding a buyer for the project's power output. The partners expect to complete funding nego-
tiations with DOE by the end of 1992.	 - 

Project Cost:	 $291.1 million 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries, Ltd., of Tokyo completed the world's first large scale ammonia plant based on the Texaco coal gasification process 
(TCOP) in 1984. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are used 
with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and the first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative "front end" of the existing steam reforming 
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 1,650 tons per day gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. 
Over 23 million tons of feed including 200,000 tons of petroleum coke, had been gasified by 1990. The overall cost of ammonia is 
said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant is expected 
to 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 Elektrizitatswerke Westfalen AG, Dortmund (C-600) 

A gasification process being specially developed for application in powerplants is the VEW Coal Conversion Process of Vereinigte 
Elektrizitatswerke Westfalen AG, a German utility. The process works on the principle of entrained flow. Coal is partly gasified 
with air and the remaining coke is burned separately in a combustion unit. Because the coal is only partly gasified, it is not neces-
sary to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
heated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Two variants are being tested for gas cleaning, 
whereby both wet and dry gas cleaning are being applied. These consist of: 

-	 Wet gas cleaning to remove chlorine and fluorine by forming ammonia salts; dry salts art produced in an evapora. 
tion plant 

-	 Dry removal of chlorine and fluorine in a circulating fluidized bed in which lime is used as a reagent 

The test operation was finished in January 1991. 

The future concept of a coal-based combined cycle powerplant links the partial coal gasification and the product gas cleaning with 
an innovative circulating fluidized bed combustor. In this process the product gas is freed only from dust, chlorine, and fluorine in 
order to protect the gas turbine materials. NO reduction and sulfur removal is carried out in the combustor. 

Project Cost: Not disclosed 

VICTORIAN BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Ply. Ltd. (C-MO) 

DCLV was operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tonnes per day of moist ash 
free coal until October 1990. DCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a 
consortium involving Kobe Steel, Mitsubishi Kasci Corporation, Nissho Iwai, ldemitsu Kosan, and Cosmo Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy and Industrial Technology Development Organization (NEDO). NBCL is entrusted with implementation of the 
entire program, and DCLV 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. The pilot plant was operated until October 1990, and shut down at that point. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Ply. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. The aim of the pilot plant 
was to prove the effectiveness of the DCL Process which had been developed since 1971 by the consortium. 

Work at the DCLV plant was moved in 1990 to a Japanese laboratory, starting a three-year study that will determine whether a 
demonstration plant should be built. NBCL is developing a small laboratory in Kobe, Japan, specifically to study the Morwell 
project. 

Part of the plant will be demolished and the Coal Corporation of Victoria is considering using a part of the plant for an R&D 
program aimed at developing more efficient brown coal technologies. The possibility of building a demonstration unit capable of 
producing 16,000 barrels per day from 5,000 tonnes per day of dry coal will be examined in Japan. 

If a commercial plant were to be constructed, it would be capable of producing 100,000 barrels of synthetic oil, consisting of six 
lines of plant capable of producing 16,000 barrels from 5,000 tonnes per day dry coal. For this future stage, Australian companies 
will be called for equity participation for the project. 

Project Cost Approximately $700 million 

WABASH RIVER COAL GASIFICATION REPOWERING PROJECT - Destec Energy, Inc. and PSI Energy Inc. (C-614) 

Located in West Terre Haute, Indiana, the project will repower one of the six units at PSI Energy's Wabash River power station. 
The repowering scheme will use a single train, oxygen-blown Destec gasification plant and the existing steam turbine in a new in-
tegrated gasification combined cycle configuration to produce 270 megawatts of electricity from 2,500 tons per day of high sulfur 
eastern bituminous coal. The plant will be designed to substantially out-perform the standards established in the Clean Air Act 
Amendments for the year 2000. The demonstration period for the project will be 3 years alter plant startup. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

The CGCC system will consist of Dealer's two-stage, entrained-flow coal gasifier, p gas conditioning system for removing sulfur 
compounds and particulates: systems or mechanical devices for improved coal feed: a combined-cycle power generation system, 
wherein the conditioned synthetic fuel gas is combusted in a combustion turbine mentor a gas cleanup system: a heal recovery 
steam generator, all necessary coal handling equipment: and an existin g plant steam turbine and associated equipment. 

The demonstration will result in a combined-cycle Powerplant with low emissions and hi gh net plant efficiency. The net plant heat 
rate for the new. renowered unit will be 8,740 BTU per kilowatt-hour, representing a 21 percent improvement over the existin g unit 
while cutting SO by greater than 90 percent and NO emissions by treater than 85 percent. 

The project was selected for funding under Round 4 of the U.S. Department of Energy's (DOE) Clean Coal Technology Program, 
and is slated to operate commercially Following the demonstration period. DOE has agreed to provide Funding of up to 
$198 million under the Cooperative Agreement. 

Construction is scheduled to begin in early 1993 and be com pleted, with startup, by early 1995. 

Project Cost: S396 million 

WESTERN CANADA 10 CC DEMONSTRATION PLANT - Coal Association of Canada, Canadian Federal Government, the Provin-
cial Governments of Alberta, Saskatchewan, Ontario and British Columbia (C-615) 

A (Si million feasibility study, led by the Coal Association of Canada and begun in 1990, has selected a 240 MW facility to be 
designed around a General Electric 7001 F gas turbine to test integrated gasification combined cycle technology in Western 
Canada. The demonstration will also be the first in the world to test carton dioxide recovery. The study was completed in mid 
1991. Two companies, Nova Scotia Power and Saskatchewan Power are now considering the results of the feasibility study to deter-
mine whether or not to go ahead with a siting study for the project. 

The project will incorporate a Shell entrained flow gasifier capable of using 2,400 tonnes per day of subbituminous coal and will 
also feature testing of a process that will recover 50 percent of the carbon dioxide from the gas stream prior to combustion. Capital 
cost is estimated around C$2,000/kW. 

WESTERN ENERGY ADVANCED COAL CONVERSION PROCESS DEMONSTRATION - Rosebud SynCoal Partnership, West-
ern Energy Company, United States Department of Energy (C-616) 

The United States Department of Energy (DOE) signed an agreement with Western Energy Company for funding as a replace-
ment project in Round 1 of the Department's Clean Coal Technology Program. DOE will fund half of the $69 million project and 
the partners will provide the other half of the funding. Western Energy Company has entered a partnership with Scoria Inc., a sub-
sidiary of NRG, Northern States Powers' nonutility group. The new entity, Rosebud SynCoal Partnership will be the project 
owner. Western Energy Company has retained a contract to build and operate the facility. 

The Western proposal is a novel coal cleaning process to improve the heating value and reduce the sulfur content of western coals. 
Typical western coals may contain moisture as much as 25 to 55 percent of their weight. The high moisture and mineral content of 
the coals reduces their heating value to less than 9,000 BTU per pound. 

The Western Energy process would upgrade the coals, reducing their moisture content to as low as 1 percent and produce a heating 
value of up to 12,000 BTU per pound. The process also reduces sulfur content of the coals, which can be as high as 13 percent, to 
as low as 03 percent. The project will be conducted at a 50 ton per hour unit adjacent to a Western Energy subbituminous coal 

• mine in Colstrip, Montana.	 - 

Construction of the ACCP demonstration facility is complete and initial 'turnover of equipment started in December 1991. The 
DOE agreement calls fora 3-year operation demonstrating the ability to produce a clean, high quality, upgraded product and test-
ing the product in utility and industrial applications. 	 - 

Plant construction was completed ahead of schedule and, following shakedown activities, startup was achieved in early 1992. When 
in continuous operation, the plant will produce 1,000 tons per day, or 300,000 tons per year of upgraded solid fuel. 

Northern States Power Company's Riverside plant will receive the first 5,000 ton shipment to conduct an initial test burn of the 
product. Dairytand Power has committed to use the next 5,000 tons for test burns at its Alma Station. 

If demonstration is successful, Western Energy hopes to build a privately financed commercial-scale plant processing 1 to 3 million 
tons of coal per year by 1997. 

Project Cost:	 $69 million

SYNTHETIC FUELS REPORT, DECEMBER 1992 
4-80



STATUS OF COAL PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL AND R&D PROJECTS (Continued) 

WUJING TRJGENERXI'ION PROJECT - Shanghai Coking and Chemical Plant (C-620) 

Shanghai Coking and Chemical Plant (SCCP) is planning 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 Shan-
ghai. 5CC? contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The project will consist of coal gasification facilities and other processing units to be installed and operated with the existing coke 
ovens in the Shanghai Coking and Chemical Plant. The facility will produce 2 million cubic meters per day of 3,8w Kcal per cubic 
meter of town gas; 70,000 kilowatt-hours of electricity per year; 100 metric tons per hour of low pressure steam; and 300,00D 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 three phases. 

In Phase 1, the production plan is further divided into 2 stages. In the first stage, 1 million cubic meters per day of town gas and 
100,000 tons per year of methanol will be produced. The second stage will add another 0.7 million cubic meters per day of town gas 
and other 100,000 tons per year of methanol. 

In November 1991, 5CC? and Texaco Development Corporation signed an agreement for Texaco to furnish the gasifier, coal slurry 
and methanol systems. 5CC? will import other advanced technologies and create foreign joint ventures at later stages for the 
production of acetic anhydride, formic acid, cellulose acetate and combined cycle power generation. 

In March 1992, a foundation stone laying ceremony was performed at the plant site. Phase I is scheduled to be completed by June 
1995. 

Project Cost: 2 billion yuan 

VUNNAN LURGI CHEMICAL FERTILIZERS PLANE - Yunnan Province, China (C-625) 

In the 1970, a chemical fertilizer plant was set up in Yunnan province by using Lure) pressurized gasifiers of 2.7 meter diameter. 
The pressurized gasification of a coal water slurry has completed a model test with a coal throughput of 20 kilograms per hour and 
achieved success in a pilot unit of 13 tons per hour. The carbon conversion reached 95 percent, with a cold gas efficiency of 
66 percent.	 - 

For water-gas generation, coke was first used as feedstock. In the 1950s, experiments of using anthracite to replace coke were suc-
cessful, thus reducing the production cost of ammonia by 25 to 30 percent. In order to substitute coal briquettes for lump 
anthracite, the Beijing Research Institute of Coal Chemistry developed a coal briquetting process in which humate was used as a 
binder to produce synthetic gas for chemical fertilizer production. This process has been applied to production. 

YUNNAN PROVINCE COAL GASIFICATION PLANE - People's Republic of China (C-630) 

China is building a coal gasification plant in Kunming, Yunnan Province, that will produce about 220,000 cubic meters of coalgas 
per day. Joe Ng Engineering of Ontario, Canada has been contracted to design 

and equip the plant with the help of a $5 million 
loan from the Canadian Export Development Corporation.
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SFR 

A-C Valley Corporation Project A-C Valley Corporation June 1984; page 4-59 

Acurex-Aerotherm Low-BTU Gasifier Acurex-Aerotherm Corporation September 1981; page 4-52 
for Commercial Use Glen-Gery Corporation 

United States Department of Energy 

AOL Extractive Coking Process Arthur D. Little, Inc. March 1978; page B-B 
Development Foster-Wheeler 

United States Department of Energy 

Advanced Flash Hydropytolysis Rockwell International June 1987; page 447 
U.S. Department of Energy 

Agglomerating Burner Project Battelle Memorial Institute September 1978; page 8-22 
United States Department of Energy 

Air Products Slagging Gasifier Air Products and Chemicals, Inc. September 1985; page 4-61 
Project 

Alabama Synthetic Fuels Project AMTAR Inc. June 1984; page 4-60 
Applied Energetics Inc. 

Amax Coal Gasification Plant AMAX, Inc. March 1983; page 4-85 

Appalachian Project M. W. Kellogg Co. September 1989; page 4-53 
United States Department of Energy 

Aqua Black Coal-Water Fuel Gallagher Asphalt Company, December 1986; page 4-35 
Standard Havens, Inc. 

Arkansas Lignite Conversion Dow Chemical Company, December 1984; page 4-64 
Project Electec Inc. 

International Paper Company 

Australian SRC Project CSR Ltd. September 1995; page 4-62 
Mitsui Coal Development Pty, Ltd. 

Beach-Wibaux Project Sec Tenneco SNG from Coal 

Beacon Process Standard Oil Company (Ohio) March 1985; page 4-62 
TRW, Inc. 

Bell High Mass flux Gasifier Bell Aerospace Textron December 1981; page 4-72 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. December 1983; page 4-77 
Placer U. S. Inc. 

BI-GAS Project United States Department of Energy March 1985; page 4-63 

Breckinridge Project Bechtel Petroleum, Inc. December 1983; page 4-78 

BRICC Coal Liquefaction Program Beijing Research Institute of Coal Chemistry March 1992; page 4-50 

Burnham Coal Gasification El Paso Natural Gas Company September 1983; page 4-62 
Project 

Byrne Creek Underground Coal Dravo Constructors March 1987; page 4-90 
Gasification World Energy Inc. 

Calderon Fixed-Bed Slagging Project Calderon Energy Company December 1985; page 4-73
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Project Sponsors Last Appearance in SFR 

Car-Mox Low-BTU Gasification Pike Chemicals, Inc. March 1980; page 4-53 
Project 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page B-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 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
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 8-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page 8-26 

Coates Process Development Coalex Energy December 1978; page 8-26 

COGAS Process Development COGAS Development Company, a joint December 198Z page 4-86 
venture of 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Colstrip Cogeneration Project Bechtel Development Company December 1990; page 4-59 
Colstrip Energy Limited Partnership 
Pacific Gas and Electric Company
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors 

Rosebud Energy Corporation 

Columbia Coal Gasification 	 Columbia Gas System, Inc. 
Project 

Combined Cycle Coal Gasification 	 Consumer Energy Corporation 
Energy Centers

Last Appearance in SPIt 

September 1982; page 4-72 

December 12; page 4-86 

British Gas Corporation 
British Department of Energy 

Conoco Coal Development Company 
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 Slates Department of Energy 

Composite Gasifier Project 

Conoco Pipeline Gas Demonstra-
tion Plant Project

September 1981; page 4-56 

September 1981; page 4-57 

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 

Cores Iron Making Process	 Korl Engineering	 March 1990; page 4-51 

Cresap Liquid Fuels Plant 	 Fluor Engineers and Constructors	 December 1979, page 4-67
United States Department of Energy 

Crow Indian Coal Gasification 
Project 

Crow Indian Coal-to-Gasoline 
Project 

Danish Gasification Combined 
Cycle Project 

DeSota County, Mississippi 
Coal Project 

Dow Coal Liquefaction Process 
Development 

Dow Gasification Process Development 

EDS Process

Crow Indian Tribe 
United States Department of Energy 

Crow Indian Tribe 
TransWorld Resources 

Elkiaft 

Mississippi Power and Light 
Mississippi, State of 
Ralph M. Parsons Company 

Dow Chemical Company 

Dow Chemical Company 

Anaconda Minerals Company 
EM 
Electric Power Research Institute 
E=on Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy

December 1983; page 4-84 

September 1984; page C-S 

December 1991; page 4-75 

September 1981; page 4-58 

December 1984; page 4-70 

June;1987 page 4-53 

June 1985; page 4-63 
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STATUS OF COAL PROJECT'S 

COMPLETED AND SUSPENDED PROJECT'S (Continued)

Project Sponsors Last Appearance in SER 

Elmwood Coal-Water-Fuel Project Foster Wheeler Tennessee March 1987; page 4-66 

Emery Coal Conversion Project Emery Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985; page 4-66 

Escrick Cyclone Gasifier Test Oaklands Limited March 1991; page 4-81 

Enon Catalytic Gasification Exxon Company USA December 1984; page 4-73 
Process Development 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 1982; page 4-76 

Fast fluid Bed Gasification Hydrocarbon Research, Inc. December 1982; page 4-90 
United States Department of Energy 

Fiat/Ansaldo Project Ansaldo March 1985; page 4-66 
Flat iTO 
KRW Energy Systems, Inc. 

Flash 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 

Fulaiji Low-BTU Gasifier M.W. Kellogg Company December 1988; page 4-59 
People's Republic of China 

Gas Turbine Systems Development Curtiss-Wright Corporation December 1983; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Greek Lignite Gasification Project Nitrogenous Fertilizer Industry (AEVAL) September 1988; page 4-61 

Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

GSP Pilot Plant Project German Democratic Republic December 1991; page 4-80 

Gulf States Utilities Project KEW Energy Systems March 1985, page 4-74 
- Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

Hanover Energy Doswell Project 	 . Doswell Limited Partnership March 1991; page 4-84 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92
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STATUS OF COAL PROJECTS 

COMPLKFED AND SUSPENDED PROJECTS (Continued) 

Project 

Hillsborough Bay Coal-Water 
Fuel Project 

Howmet Aluminum 

H-R International Syngas Project 

Huenxe COT Coal Gasification Pilot Plant 

Hydrogen from Coal 

HYGAS Pilot Plant Project 

ICOG Pipeline Gas Demonstra-
tion Plant Project 

Integrated Two-Stage Liquefaction 

Ifl Coal to Gasoline Plant 

Kaiparowits Project 

Kansk-Achinsk Basin Coal Liquefaction 
Pilot Plant 

Kennedy Space Center Polygeneration 
Project 

Ken-Tex Project 

Keystone Project 

King-Wilkinson/Hoffman Project 

KILnGAS Project

Sponsors; 

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 

ARC-Coal Inc. 
Bechtel Power Corporation 
COMCO of America, Inc. 

llowrnet Aluminum Corporation 

H-R International, Inc. 
The Slagging Gasification Consortium 
Carbon Gas Technology (COD GmbH 

Air Products and Chemicals, Inc. 
United Stales Department of Energy 

Gas Research Institute 
Institute of Gas Technology 
United States Department of Energy 

Illinois Coal Gasification Group 
United States Department of Energy 

Cities Service/Lummus 

International Telephone & Telegraph 
J. W. Miller 
United States Department of Energy 

Arizona Public Service 
San Diego Gas and Electric 
Southern California Edison 

Union of Soviet Socialist Republics 

National Aeronautics & Space 
Administration 

Texas Gas Transmission Corporation 

The Signal Companies 

E.J.Hoffman 
King-Wilkinson, Inc. 

Allis-Chalmers 
State of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company

Last Appearance in SFR 

September 1985; page 4-69 

March 1985, page 4-74 

December 1985, page 4-80 

March 1991; page 445 

December 1978; page 8-31 

December 1980 page 4-86 

September 1981; page 4-66 

September 1986; page 4-69 

December 1981; page 4-93 

March 1978; page 8-18 

March 1992; page 4-82 

June 1986; page 4-85 

December 1983; page 4-95 

September 1986; page 4-71 

March 1985; page 4-80 

December 1988; page 4-65 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors	 Last Appearance in SFR 

Kiockner Coal Gasifier	 Kiockner Kohlegas	 March 1987; page 4-74 
CRA (Australia) 

Kohie iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

KRW Energy Systems Inc. Advanced M.W. Kellogg Company December 1991; page 4-84 
Coal Gasification System for U.S. Department of Energy 
Electric Power Generation Westinghouse Electric 

Lake DeSmet SNG from Coal Texaco Inc.	 - December 1982; page 4-98 
Project Transwestern Coal Gasification Company 

LaPorte Liquid Phase Methanol Air Products and Chemicals Inc. December 1991; page 4-85 
Synthesis Chem Systems Inc. 

Electric Power Research Institute 
U.S. Department of Energy 

Latrobe Valley Coal Uque- Rheinische 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 

LIIIIAZ Coal-To-Methanol Project Krupp Koppers, KOPEX December 1988; page 4-65 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Com- Irvin Industrial Development, Inc. June 1979; page 4-89 
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

Lulea Molten Iron Gasification Pilot Plant	 P0-ID Humbolt Wedag AG and 
Sumitomo Metal Industries, Ltd. 

Lummus Coal Liquefaction	 Lummus Company 
Development	 United States Department of Energy 

Mapco Coal-to-Methanol Project 	 Mapco Synfuels 

Mazingarbe Coal Gasification Project
	

Cerchar (France) 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology

March 1991; page 4-90 

June 1981; page 4-74 

December 1983; page 4-98 

September 1985, page 4-73 

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 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project Stx,nsors Last Appearance in SER 

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 8-22 

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 & Bison 
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-9111 Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

- United States Department of Energy.

Minnegasco Peat Gasification 	 Gas Research Institute 	 -	 December 1983; page 4-101 
Project	 Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Minnesota Power ELFUEL Project	 Minnesota Power & Light 	 June 1991; page 4-82 
BNlCoal	 - 
Institute of Gas Technology 
Electric Power Research Institute 
Bechtel Corporation
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project 

Mobil-M Project 

Molten Salt Process Development 

Mountain Fuel Coal Gasification Process 

Mulberry Coal-Water Fuel Project 

NASA Lewis Research Center Coal-to-



Gas Polygeneration Power Plant 

National Synfuels Project 

New England Energy Park 

New Jersey Coal-Water Fuel 
Project 

New Mexico Coal Pyrolysis Project 

Nices Project 

North Alabama Coal to Methanol 
Project 

North Dakota Synthetic Fuels 
Project

Sponsors 

Mobil Oil Company 

Rockwell International 
United States Department of Energy 

Mountain Fuel Resources 
Ford Bacon & Davis 

CoaLiquid, Inc. 

NASA Lewis Research Center 

Elgin Butler Brick Company 
National Synfuels Inc. 

Bechtel Power Corporation 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

Ashland Oil, Inc. 
Babcock & Wilcox Company 
Slurrytech, Inc. 

Energy Transition Corporation 

Northwest Pipeline Corporation 

Air Products & Chemicals Company 
Raymond International Inc. 
Tennessee Valley Authority 

InterNorth 
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

Last Appearance in SFR 

September 1982; page 4-88 

December 1983; page 4-101 

September 1988; page 4-67 

March 1985; page 4-85 

December 1983; page 4-102 

September 1988; page 4067 

December 1983; page 4-104 

March 1985; page 4-86 

September 1988; page 4-67 

December 1983; page 4-104 

March 1985; page 4-86 

December 19i3; page 4-106 

NYNAS Energy Chemicals Complex 

Oberhausen Coal Gasification 
Project 

Ohio I Coal Conversion 

Ohio I Coal Conversion Project

AGA 
A. Johnson & Company 
Swedish Investment Bank 
Ruhrchemie AG 
Ruhrkohle OcI & Gas GmbH 

Alberta Gas Chemicals, Inc. 
North American Coal Corporation 
Wentworth Brothers 

Energy Adaptors Corporation

December 1990; page 4-76 

September 1986; page 4-79 

March 1985; page 448 

March 1990 page 4-65 

SYNThETiC FUELS REPORT, DECEMBER 1992 
449



STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors 

Ohio Coal/Oil Coprocessing Project 	 Ohio Clean Fuels, Inc. 
Stone and Webster Engineering Corp. 
HILL Inc. 
Ohio Coal Development Office 
United States Department of Energy

Last Appearance in SFR 

June 1991; page 4-84 

Ohio Valley Synthetic Fuels 
Project 

Ott Hydrogencration Process 
Project 

Peat-by-Win Project 

Peat Methanol Associates Project 

Penn/Sharon/Klockner Project 

Philadelphia Gas Works Synthesis 
Gas Plant 

Phillips Coal Gasification 
Project 

Pike County Low-BTU Gasifier 
for Commercial Use 

Plasma Are Torch 
Corporation 

Port Sutton Coal-Water Fuel Project

Consolidated Natural Gas System 
Standard Oil Company of Ohio 

Carl A. Ott Engineering Company 

PBW Corporation 

EFCO Methanol Inc. 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

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.

March 1982; page 4-68 

December 1983; page 4-107 

March 1985; page 4-89 

June 1984; page 4-85 

March 1985; page 4-72 

December 1983; page 4-108 

September 1984; page C-28 

June 1981; page 4-78 

December 1978; page B-B 

December 1985; page 4-86 

Powerton Project Commonwealth Edison March 1979 page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project Integrated Carbons Corporation December 1983; page 4-108 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of December 1978; page 13-34 
Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource March 1985; page 4-90 
Canada Research Fund 

Alberta Research Council - 

Riser Cracking of Coal Institute of Gas Technology December 1981; page 4-93 
United Sates Department of Energy 

RIJHRIOO Project Ruhrgas AG September 1984; page C-29 
Ruhrkohle AG 
SteagAG 
West German Ministry of Research 

and Technology
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors	 Last Appearance in SFR 

Rheinbraun Hydrogasification of Coal 	 Reinische Braunkohlenwerke	 December 1987; page 4-80 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke-Otto Gasification Saarbergwerke AG June 1984; page 4-86 
Process Dr. C Otto & Company 

Savannah Coal-Water Fuel Projects Foster Wheeler Corporation September 1985; page 4-77 

Scrubgrasa Project Scrubgrass Associates March 1990; page 4-69 

Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 

Sharon Steel Kleckner Kohlegas GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Shell Coal Gasification Project Shell Oil Company June 1991; page 4-89 
Royal Dutch/Shell Group 

Simplified IGCC Demonstration Project General Electric Company September 1986; page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy 

Slagging Gasification Consortium 
Project 

Sohio Lima Coal Gasification/ 
Ammonia Plant Retrofit Project

Babcock Woodall-Duckham Ltd. 
Big Three Industries, Inc. 
The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Alternate Energy Development 
Company

September 1985; page 4-78 

March 1985; page 4-93 

Solution-Hydrogasification General Atomic Company 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C F. Braun 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Fiye Inc. 

Steam-Iron Project Gas Research Institute 
Institute of Gas Technology 
United Slates Department of Energy 

Synthane Project United Slates Department of Energy 

Synthoil Project Foster Wheeler Energy Corporation 
United States Department of Energy

September 1978; page B-fl 

March 1981; page 4-99 

September 1986; page 4-83 

December 1978; page B-35 

December 1978; page 13-35 

December 1978; page B-36 
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STATUS OF COAL PROJECTS 

COMPLFI'ED AND SUSPENDED PROJECTS (Continued) 

Proiect	 Sponsors 

Sweeny Coal-to-Fuel Gas Project 	 The Signal Companies, Inc. 

Tenneco SNG From Coal	 Tenneco Coal Company

Last Appearance in SFR 

March 1985; page 4-94 

March 1987; page 4-85 

Tennessee Synfuels Associates 
Mobil-M Plant 

Toscoal Process Development 

Transco Coal Gas Plant 

Tri-State Project 

TRW Coal Gasification Process 

TVA Ammonia From Coal Project 

Two-Stage Entrained Gasification 
System 

Underground Bituminous Coal 
Gasification

Koppers Company, Inc. 

TOSCO Corporation 

Transco Energy Company 
United States Department of Energy 

Kentucky Department of Energy 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW, Inc. 

Tennessee Valley Authority 

Combustion Engineering Inc. 
Electric Power Research Institute 
United States Department of Energy 

Morgantown Energy Technology Center

December 1983; page 4-112 

September 1988; page 4-72 

December 1983; page 4-113 

December 1983; page 4-113 

December 1983; page 4-114 

September 1989; page 4-77 

June 1984; page 4-91 

March 1987; page 4-93 

United States Department of Energy
	

June 1985; page 4-75 
University of Texas 

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 

Underground Coal Gasification, 
Ammonia/Urea Project 

Underground Gasification of Anthracite, 
Spruce Creek 

UndergroundCoal Gasification, Joint 
Belgo-Gennan Project 

UCG Brazil 

UCG Brazil

Conipannia Auxiliar de E.npresas 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 
Canada	 - 

Underground Coal Gasification,	 British Coal
	

September 1987; page 4-76 
English Midlands Pilot Project 

Underground Coal Gasification,	 Rocky Mountain Energy Company
	

June 1985; page 4-75 

Hanna Project	 -	 United States Department of Energy 

Underground Coal Gasification, Leigh Creek Government of South Australia
	

September 1989; page 4-81 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Proiect Sponsors Last Appearance in SFR 

Underground Coal Gasification Lawrence Livermore National Laboratory December 1983; page 4-119 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification LLNL Lawrence Livermore National Laboratory December 1990; page 4-84 
Studies 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Coal Gasification, Rocky Amoco Production Company March 1990; page 4-76 
Mountain 1 Test 

Underground Gasification of Deep Seams Groupe d'Etudes de to Gazeification Souterraine December 1987; page 4-86 
Charbonnages de France 
Gas de France 
lnstitut Francais du Petrole 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification, India Oil and Natural Gas Commission March 1991; page 4-104 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Commer- United States Department of Energy 
thai Use 

Utah Methanol Project Questar Synluels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page 635 

Virginia Iron Corex Project Virginia Iron Industries Corp. March 1992; page 4-78 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers Inc. March 1978; page 0-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors
	

Last Appearance in SPIt 

Whitethorne Coal Gasification	 United Synfuels Inc. 	 September 1984; page C-36 

Wyoming Coal Conversion Project
	

WyCoalGas, Inc. (a Panhandle Eastern
	

December 1982; page 4-112 
Company) 

Zinc Halide Hydrocracking
	

Conoco Coal Development Company
	

June 1981; page 4-86 
Process Development
	

Shcll Development Company
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INDEX OF COMPANY INTERESTS 

Company or Oitanization Project Name 

ACME Power Company ACME Coal Gasification Desulfurizing Process 448 

AECI Ltd. AECI Ammonia/Methanol Operations 4-49 
Coalplex Project 445 

Air Products and Chemicals, Inc. Laporte Alternative Fuels Development Program 4-66 -
Texaco Cool Water Project 4-77 

Alastair Gillespie & Associates Ltd. Scotia Synfuels Project 4-74 

AMAX AMAX/EMRC Mild Gasification Demonstration 4-50 
Mild Gasification of Western Coal Demonstration 4-67 

Amoco British Solvent liquid Extraction Project 4-51 
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Cordero Mining Company 
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Destec Energy, Inc. 
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PROJECT ACTIVITIES 

LNG PORTION OF MOSSEL BAY SYNFUEL PROJECT 
TO MEET NEW OPERATING REQUIREMENTS 

The Mussel Bay Synthetic Fuel project, the world's largest 
synthetic fuel project based on natural gas, is under way on 
the Southern Coast of South Africa. The liquefied natural 
gas (LNG) portion of the project is designed to meet com-
pletely new operating requirements, according to a paper by 
W. Bach and A. Kretzschmar, at the 10th Annual Con-
ference on Liquefied Natural Gas held in Kuala Lumpur, 
Malaysia in May. 

The main components of the Mussel Bay Synthetic Fuels 
project include the offshore platform, the onshore plant, and 
the subsea pipelines between the two. As illustrated in 
Figure 1, the offshore platform is located some 90 kilometers 
south of Mussel Bay in the Indian Ocean. It is self-
contained with respect to processing and utility systems as 
well as living quarters for its operating crew. The plant is a 
conventional offshore production platform for gas and con-
densate separation, gas drying and chilling. It is supported 
by a steel jacket extending from the sea bed to working levels 
well above normal wave heights. 

The offshore platform exports natural gas and gas conden-
sate to the onshore refinery in 18 inch and 8 inch underwater 
pipelines, respectively.

FIGURE 1 
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The onshore refinery is located close to Mussel Bay. It 
processes the natural gas and condensate from the offshore 
field into transport fuels (gasoline, kerosene and diesel). 
Some petrochemicals are produced as byproduct. 

The onshore refinery has the following major processing 
stages, as outlined in Figure 2. 

Lean gas (C2) separation from natural gas, 
recovery of propane, butane and heavier hydrocar-
bons and stabilization of the condensate (light oil) 

Preparation of a syngas mixture of hydrogen and 
carbon monoxide using a combination of 
steam/hydrocarbon and oxygen/hydrocarbon 
reforming technologies 

Synthesis of syngas to crude fuel products using 
Fischer-Tropsch catalyst technology 

Refining and upgrading of these crude fuel 
products to transport fuels 

The Mossel Bay LNG plant was designed as a backup system 
for the onshore refinery in the event of offshore gas produc-
tion shutdown and as a peak-shaving system during planned 
maintenance works of the downstream Synthol reactors. 

Thus, the LNG plant has to fulfill two very different opera-
tion modes for send-out, a 100 percent maximum supply 
backup mode and a 3.7 percent turndown peak-shaving 
mode. To achieve these demands, 25 percent and 75 percent 
capacity send-out pumps and vaporizers were installed. 

Because the natural gas buffer volume between the offshore 
platform and the onshore refinery is marginal, the send-out 
and vaporization system of the LNG plant must reach 
100 percent capacity within 10 minutes. This requirement 
was achieved by having the plant fully automatic, making use 
of the refinery's existing distributed control system. 

Based on the LNG plant design data (liquefaction rate of 
15,600 normal cubic meters per hour and LNG storage 
capacity of 10,000 cubic meters), the LNG tank can be filled 
within 15 hours. Also, the onshore refinery can be supplied 
with the maximum feed gas rate for approximately 27 hours 
and the minimum turn down rate of 3.7 percent for am 
proximately 30 days. 
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PUBLIC SERVICE TO WRITE OFF INVESTMENT IN-
SYNHYECH PLANT •'	 . 

.................... 
Public SErvice Company of Colorado took steps to rid itself 
of money-losing side businesses,-' saying it will take a-
$25 million charge against earnings to sell an oil and gas divi-'-- 
sion and a package of downtown Denver real estate. 

The power company also said it was trying to sell its Fuel 
Resources Development Company subsidiary, along with the 
2-year-old Synhytech pilot plant in Pueblo.

fl
12'•• 

The Fuel Resources subsidiary was formed in 1971 in an ef- 
fort to find newsupplies of natural gas: It currently consists 
of nearly 600 60 and gas wells in Rocky Mountain states and 
another 190 wells that tap methane in landfills. In Septem-
ber, Public Service valued the proçerties at S67; 7 imllton 
before taxes.	 - 

The Synhytech plant is an experimental effort to use a five-
step process to convert methane from landfills into diesel 
fuel, industrial wax and solvents. While the plant had a pre-
tax value of about $24 million earlier this year, Public Service 
plans to write off its entire investment in the facility. 
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"We still believe there is potential for this new technology, 	 taking," said R. Kelly, a Public Service Company senior vice 
but it simply does not fit with the direction we are now	 president.

##1# 
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CORPORATIONS 

NATURAL GAS COUNCIL FORMED 

Executives from all sectors of the natural gas industry have 
formed the Natural Gas Council. The Council consists of 
the presidents of four trade associations—the American Gas 
Association, the Interstate Natural Gas Association of 
America, the Independent Petroleum Association of 
America, the Natural Gas Supply Association; the president 
of the Gas Research Institute; and 18 other industry execu-
tives. 

Chairman C. Jordan who is a vice president of Chevron Com-
pany U.S.A., said that council members "strongly believe that 
the full potential of natural gas can only be achieved by a 
coordinated concerted effort that emphasizes the unique at

tributes of natural gas and on delivering superior value to 
the marketplace." 

Six task forces have been formed to carry out the council's 
main goal of increasing gas demand by 2.5 trillion cubic feet 
in the next 5 years: 

- Electric Generation 
- Federal Branch Outreach 
- Public Relations and Communications 
- State Government Outreach 
- Supply Reliability 
- Technology and Commercialization 

###1 
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TAX CREDIT EXPIRES FOR COALBED METHANE 

The Section 29 tax credit for nonconventional gas, such as 
gas locked in coalbeds and tight sands, will expire at the end 
of 1992. The Section 29 credit was not renewed because Con-
gress determined there was not enough revenue to fund the 
credit and to grant independent producers relief from the al-
tentative minimum tax at the same time. Extending the 
credit would have cost the United States Treasury about 
$180 million per year. Wells drilled before the end of the 
year will be eligible to receive the subsidy until 2002. 

The effect of the Section 29 tax credit on United States drill-
ing and production activity is clear. With the subsidy in 
place, the Department of Energy says coalbed methane's 
share of United States gas supplies rose by nearly 29 percent 
and tight-sands gas by 19 percent, compared with only a 
4 percent increase for conventional gas. 

Because of the credit, many companies were able to drill 
tight formation gas wells too risky to try otherwise because 
of low wellhead prices and constrained drilling budgets. In 
addition, the credit has been an indispensable factor in

developing tight-sands fracturing and completion technology, 
thereby helping to assure the viability of tight formations as 
a long-term, economic gas resource. 

Section 29 critics have claimed that selling incremental tight-
gas volumes into over-supplied United States gas markets 
depressed prices. But companies drilling wells to qualify for 
the credit said not enough tight-sands gas is being produced 
to affect markets very much. 

In anticipation of the loss of the Section 29 credit, companies 
are drilling and qualifying as many tight-sands gas wells as 
possible before the end of the year. Data complied through 
mid-October by Petroleum Information Inc. (P1) of Denver, 
Colorado shows companies are spudding new tight-gas wells 
at the expense of tight-gas completions. P1 data show about 
1,473 United States tight-gas wells were completed in 1991, 
but only about 50 had been reported as of mid-spring 1992. 
This flurry of drilling activity is expected to grind to a halt 
early in 1993. 
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STATUS OF NATURAL GAS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since September 1992) 

FUELCO SYNH'YTECH PLAWF - Fuel Resources Development Company (0-10) 

Fuel Resources Development Company (FuelCo) held ground breaking ceremonies in May 1990 for their Synhytech Plant at the 
Pueblo, Colorado landfill. The Synhytech Plant, short for synthetic hydrocarbon technology, will convert the landfills' methane and 
carton dioxide gas into clean burning diesel fuel as well as naphtha and a high grade industrial wax. 

The technology is said to be the world's first to convert landfill gases into diesel motor fuel. It was developed by FuelCo, a wholly 
owned subsidiary of Public Service Company of Colorado, and Rentech Inc. of Denver, Colorado. Fuelco is planning to invest up 
to $16 million in the project with Rentech having the option to purchase 15 percent of the plant. Ultrasystems Engineers and Con-
structors is designing and building the project. 

The plant is expected to produce 100 barrels of diesel, plus 50 barrels of naphtha and 80 barrels of high grade wax per day. It is es-
timated that the Pueblo site will sustain a 235 barrel per day production rate for about 20 years. FuelCo estimates that diesel fuel 
can be produced for about $18 per barrel. 

The process takes the landfill gas—which is about 52 percent methane and 40 percent carbon dioxide—breaks it down and passes it 
through an iron-based slurry-phase catalyst, and extracts diesel fuel, naphtha and wax. 

According to vehicle test results at high altitude, the Synhytech diesel was 35 percent lower in particulate emissions and produced 
53 percent fewer hydrocarbons and 41 percent less carbon monoxide in the vehicle exhaust. It contains no sulfur and only low 
levels of aromatics, and no engine modifications are required. Plant construction was complete in December 1991 and the first 
crude product was produced in January 1992. 

Project Cost:	 $16 million 

MOSSGAS SYNFUELS PLANT - South African Central Energy Fund (70 percent), Engen Ltd. (30 percent optional) (0-20) 

In 1988 the South African government approved a plan for a synthetic fuels from offshore natural gas plant to be located near the 
town of Mossel Bay off the southeast coast. Gas for the synthesis plant will be taken from an offshore platform which was com-
pleted in 1991. The SASOL Symbol technology has been selected for the project. 

Construction of the onshore plant is scheduled for completion in mid-1992. The complex is expected to produce its first products 
by the third quarter of 1992 and to be in full production by the third quarter of 1993. The product slate will be liquefied petroleum 
gas, 93 and 97 octane gasoline, kerosene and diesel. 

The breakeven point for the project will be reached with crude oil prices of $35 per barrel. Engen is the project manager and will 
be the operator of the facility. The project was financed 80 percent by the Central Energy Fund and 20 percent by commercial 
loans. 

Gas reserves, located in 350 feet of water, 55 miles off the Southeast coast of South Africa, are sufficient to operate the synthesis 
facility for 30 years at design rate. 

Gas and condensate arrive onshore in separate pipelines. In the Natural Gas Liquid Recovery plant any hydrocarbons heavier than 
propane art removed from the gas stream yielding lean natural gas. The lean gas is fed to a two-stage methane reforming plant. 
The first stage consists of a tubular reforming plant which is followed by a secondary partial oxidation plant. The capacity of the 
three-train reforming plant would be sufficient for the production of 7,000 tons per day of methanol. 

Using an iron-based catalyst, the synthesis gas from the natural gas reforming plant is catalytically converted to predominantly light 
olefinic hydrocarbons. The tailgas from Synthol is sent to the Tailgas Treatment plant where products (propylene, butylene and 
C-i- condensate) are cryogenically removed before the gas is recycled back to a natural gas reforming plant. Hydrocarbons from 5 
Synthol are refined by conventional methods to produce the final fuels. 

Project Cost:	 $4.2 billion
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STATUS OF NATURAL GAS PROJECTS (Underline denotes changes since September 1992) 

COMMERCIAL PROJECTS (Continued) 

NEW ZEALAND SYNFUELS PLANT - Fletcher Challenge, Ltd. (75 percent), Mobil Oil of New Zealand Ltd., (25 percent) (G-30) 

The New Zealand Synthetic Fuels Corporation Limited (Synfuel) Motunui plant was the first in the world to convert natural gas to 
gasoline using Mobil's methanol-to-gasoline (MTG) process. Construction began in early 1982 and the first gallon of gasoline was 
produced in October 1985. In the first S months of commercial production the plant produced 448,000 tonnes of gasoline or about 
35 percent of New Zealand's total demand for that period. 

During the first two years of operation, the Synfuel plant suffered several shutdowns in the methanol units thus causing production 
shortfalls despite reaching the one million tons of gasoline mark in 1988. A successful maintenance turnaround and several im-
provements to the Mit waste water plant have improved efficiency considerably. In 1990 the plant produced about 12,000 barrels 
of gasoline per day. This is about 34 percent of New Zealand's gasoline needs. 

The plant is located on the west coast of New Zealand's North Island in Taranaki. It is supplied by the offshore Maui and Kapuni 
gas fields. The synthetic gasoline produced at the plant is blended at the Marsden Point refinery in Whangarei. The plant is a toll-
ing operation, processing natural gas owned by the government into gasoline for a fee. Synfuels, thus does not own the refined 
product. 

Synfuel was owned 75 percent by the New Zealand government and 25 percent by Mobil Oil of New Zealand Ltd. However, the 
Petroleum Corporation of New Zealand (Petrocorp) entered an agreement with the New Zealand government to assume its 
75 percent interest in the corporation. The New Zealand government had been carrying a debt of approximately $700 million on 
the plant up to that point. Petrocorp is owned by Fletcher Challenge, Ltd. 

Since the change in ownership, a pipeline has been built between the Synfuel plant and the Petralgas methanol plant in the Waitara 
Valley. This addition means that, when the price of distilled methanol is high, a percentage of Synfuel crude methanol can be sent 
via the pipeline to Petralgas for distillation. When the price of gasoline is high, Petralgas methanol can be sent via the pipeline to 
Synfuel and be converted into gasoline. 

The synfuel plant produced a record 562,000 tonnes of gasoline in the first 6 months of 1991. A percentage of crude methanol was 
pipelined to fletcher's Petralgas plant to produce 196, 	 tonnes of chemical grade methanol. 

The plant was designed to produce 4,400 tonnes of methanol per day. Due to plant modifications, Synfuel is capable of producing 
5,000 tonnes of crude methanol per day. Equally, the plant was designed to produce 570,000 tonnes of gasoline per year. For the 
last 2 years Synfuel has produced over 630,000 tonnes of gasoline, or 34 percent of New Zealand's gasoline needs. 

Fletcher Challenge will exercise its option to require the government to buy NZ$400 million (US$222 million) of new shares from 
the company. 

SHELL MALAYSIA MIDDLE DISTILLATES SYNTHESIS PLANT - Shell MDS (60 percent), Mitsubishi (20 percent), Petronas 
(10 percent), Sarawak Slate Government (G-50) 

The Royal Dutch/Shell Group is building the world's first commercial plant to produce middle distillates from natural gas in 
Malaysia. The $660 million unit is being built next to the Bintulu LNG plant in the state of Sarawak. The plant will produce ap-
proximately 500,	 metric tons of products per year from 100 million cubic feet per day of natural gas feedstock. 

The operator for the project will be Shell MDS. The main construction contract was let to JGC Corporation of Japan. Site 
preparations began in late 1989, with completion scheduled for late 1992. 

The Shell middle distillates synthesis process (SMDS) is based on modernized Fischer-Tropsch technology which reacts an inter-
mediate synthesis gas with a highly active and selective catalyst. The Shell catalyst minimizes coproduction of light hydrocarbons 
unlike classical Fischer-Tropsch catalysts. Middle distillates will be the main product, but the plant will have operating flexibility so 
that while maintaining maximum output, the composition of the product package, which will contain low molecular weight paraffin 
waxes, can be varied to match market demand. Shell will use its own gasification technology to produce the synthesis gas. 

Four reactors for the heavy paraffin synthesis unit, said to be the largest in the world, have been delivered to the plant site. These 
vessels were built in Italy, but overall construction is being handled by JOC Corporation of Japan. 

Project Cost:	 $660 million
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