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fflGHIJGHTS 

Capaile Summaries of the More Significant Articles in this Issue 

Skygas Unit Under Construction in Italy 

The first Skygas commercial demonstration unit Is under construction in Italy. 
As discussed on page 1-1, Smogless S.p.A. of Milan, Italy plans to invest more 
than $4 million in the project. 

DOE Releases Mid-Term Strategy Options 

The United States Department of Energy (DOE) has outlined a mid-term energy 
strategy	 targeting three	 energy	 categories:	 energy efficiency; fuel switching, 
alternative fuels, and	 oil	 back-out;	 and	 petroleum	 supply options.	 See 
page	 1-5 for a summary of the measures proposed by DOE to reach specific 
oil savings goals.

DOE Gets Increase in Fossi l Energy Budget for 1991 

The United States Department of Energy (DOE) 1991 budget for fossil energy 
research and development has been increased by more than $45 million over 
the 1990 budget amount. As detailed on page 1-7, funding for coal gasifica-
tion research and development was cut by $8.4 million, while funding for oil 
shale research and development received an increase of $8.2 million. 

Energy Problems in 1990s Inevitable Says Boos-Allen 

The results of a nationwide survey, discussed on page 1-11, show that only 
12 percent of American heath of household rank energy among the three na-
tional issues most important to them. The survey also shows that public 
mistrust of the oil industry was running at about 75 percent. 

Rate of Increase In Oil Demand Projected to Slow for Next 5 Years 

According to GEM vice president, A.E. Reinsch, world oil demand increased by 
10 percent in the last 5 years, but the Middle East crisis will cause oil 
demand growth to slow down considerably over the next 5 years. His outlook 
on world oil demand and prices Is summarized on page 1-13. 

True Cost of Imported Oil Said to Exceed $75 Per Barrel 

When United States military expenditures are considered, the real cost of Per-
sian Gulf oil exceeds $75 per barrel, according to M.R. Copulos. The article 
on page 1-15 discusses the cost of defending oil fields located in the Gulf and 
presents criteria for viable options to reduce United States dependence on oil. 
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Reich!, Jeffords Revive Proposals for Synfüels Mandate 

E.H. Reichl's letter to the United States Secretary of Energy, in which he sug-
gests mandating the production of synthetic fuels, is reviewed on page 1-10. 
In addition, Senator Jeffords hS introduced a bill that would require petroleum 
refiners to use a certain percentage of alternative or other domestic fuel 
sources in their gasoline formulas. 

National Research Council 553's Mining Industry Losing Technology Base 

A National Research Council committee says that technology development for 
the domestic mining industry has all but dried up. As detailed on page 1-18, 
research and development expenditures decreased from $133.5 million in 1980 to 
$22.5 million in 1988, while mining Industry employment declined by 50 percent. 

Alternate Fuels Research Noted at Canadian Chemical Conference 

Four of the research papers presented at the 1990 Canadian Chemical Con-
ference held last summer in Halifax, Nova Scotia are discussed on page 1-19. 
Among them is a paper concerned with the application of jet reactor technol-
ogy to pretreatment and subsequent hydrotreating of heavy oils. 

New CSIRO Division of Coal and Energy Technology Maps Out Research Program 

Research at CSIRO's new division will target the coal industry, alternative fuel 
sources and the environment.	 Detailed on page 1-20 are the division's five 
research programs:	 coal marketing support, coal preparation, coal utilization,
liquid and gaseous fuels, and environmental protection. 

LLNL Attracting Industrial Sponsors for Retorting Pilot Plant 

Lawrence Livermore National Laboratory is in serious negotiations with a num-
ber of companies to provide funds for development of its retorting process. A 
4 ton per day pilot plant started up thIs year, but LLNL has plans to build a 
100 ton per day scale-up pilot plant to further test the process. See 
page 2-1 for details. 

Southern Pacific Petroleum to Complete Stuart Engineering by Year-End 

Two engineering firms have been engaged to conduct independent, thorough 
reviews of the design and cost of the Stuart Shale Oil Project. These evalua-
tions will be completed by year-end and will be the basis for obtaining financ-
ing for Stage 1 of the project, as discussed on page 2-2. 

Funds Voted for MIS Demonstration Project 

Congress has appropriated $8 million for an oil shale demonstration project in 
Colorado's Piceance Basin. See page 2-3 for details on Occidental's 
$200 million project to demonstrate the modified in situ (MIS) retorting process. 
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Ranier Process to be Tested at IGT 

Ramex Syntuels International plans to have lOT conduct controlled testing of 
its in situ process for extracting gas from oil shale. The article on page 2-4 
discusses the problems encountered in the company's field tests of the process 
and what information it expects to obtain from the tests at LOT. 

Blasting Agents Developed for Use In Gassy Oil Shale Mines 

The work of the United States Bureau of Mines on defining and mitigating the 
hazards of mining oil shale in areas with high concentrations of methane is 
discussed on page 2-7. This research will have a direct impact on regulatory 
standards for blasting under gassy mine conditions. 

Shale Combustion Tests Carried Out in OPEC 

The results of two circulating fluidized-bed combustion (CFBC) test series are 
reported on page 2-8. The test series utilized various mixtures of western oil 
shale, coal and a simulated retort off gas in two pilot scale CFBCs to obtain 
operational, emissions and ash properties information. 

Attrition Studies Suggest Fluidized Beds Not Ideal for Spent Shale Combustiai 

The results of studies on attrition and breakage of western oil shale are 
reported in the article beginning on page 2-10. The METC (Morgantown Energy 
Technology Center) researchers conclude that the very rapid initial breakdown 
of the spent oil shale tested means that a packed bed rather than a fluidized 
bed should be used for residual combustion. 

Shale Oils From FinIn.n and Maomlng, China Analyzed 

Oil shale deposits at Fushun and Maoming, China are estimated to contain 
1.6 billion tons of shale oil. Shale oil samples from these two deposits were 
cut into five fractions and their components were analyzed. The results are 
discussed on page 2-13. 

Nova Scotia Oil Shale Assessment Completed 

An assessment of the oil shale resources in Nova Scotia was recently com-
pleted for the Nova Scotia Department of Mines and Energy. The report, 
detailed on page 2-14, says that the Steilarton Basin contains the largest and 
most promising resources with 60 silicate-rich oil shale beds in the formation. 

Oil Shale Fired Boiler On-Stream in Israel 

PAMA Ltd. has started up Israel's first oil shale fired power plant in the 
northern Negev Desert. The 41 megawatt plant Is a. cogeneration unit and 
employs an Ahlstrom Pyrof low circulating fluidized bed boiler. Details are on 
page 2-16.
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Finds No Significant Environmental Impact at Unocal 

A summarization of the environmental monitoring and health surveillance ac-
tivities at the Parachute Creek Shale Oil Project begins on page 2-18. While 
no problems have been identified in the areas of water, solids, or health and 
safety, air emissions meet permit requirements but continue to release com-
pounds of concern during non-routine operating conditions. 

BLM Issues Wilderness EIS in Colorado 

The Craig District Final Wilderness Environmental Impact Statement has recom-
mended 6 areas as suitable for wilderness designation out of 15 areas studied. 
As discussed on page 2-20, an evaluation of the impacts on oil shale develop-
ment was not included in the EIS process. 

Oil Shale Wastewater Treated by Aeration 

Modification of activated sludge through extended aeration was investigated as 
the primary method of treating a synthetic wastewater from the IGT pres-
surized, fluidized-bed hydroretorting process. This research, conducted by Ten-
nessee Technological University, is outlined on page 2-22. 

Mining Law Rewrite Dies in Congress, On Tap Again for Next Year 

Efforts to rewrite the 1872 Mining Law continue. Bills submitted by Con-
gressman Rahall and Senator Bumpers failed to pass in 1990, but efforts to 
pass similar bills in 1991 are already under way, as discussed on page 2-26. 
The American Mining Congress Is currently mapping out a strategy to defend 
the old law. 

Nynas Project Canceled In Sweden 

Nynas Energy Chemicals Complex has canceled its plans to build an 
Orimulsion -burning integrated gasification combined cycle plant In Sweden. A 
discussion of the project plans begins on page 3-1. 

OSLO Plans Diluted Bitumen Pipeline 

OSLO's working group plans to build a diluted bitumen pipeline from its site at 
Lease 31 to the proposed upgrader location near Edmonton, Alberta, Canada. 
As detailed on page 3-3, the pipeline would be available for use by other 
operators as well. 

Texaco Says M cKittridc Would be Profitable at Current Oil Prices 

Texaco Is again considering ways to recover the heavy oils located in the 
McKlttrick field in California. The article on page 3-3 gives a brief overview 
of the project site's history and potential for development. A Texaco spokes-
man says world oil prices will determine the feasibility of developing these 
resources.
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Mideast Crisis Provides at Least a Temporary Lift to Oil Sands Projects 

Recent events in the Middle East will allow operating oil sands plants to real-
ize higher profits in the short term. However, long-term Investments are still 
generally on hold. See page 3-4 for more information. 

University of Utah Gets $723,000 for Tar Sands Research 

The Department of Fuels Engineering at the University of Utah will receive 
$723,000 in federal funds to continue research to develop commercial processes 
for producing synthetic crude oil from tar sand. As outlined on page 3-4, the 
research team has developed both water-based extraction processes and 
separate thermal processes. 

Amoco Drilling for Primary Production 

As discussed on page 3-4, Amoco Canada Petroleum Company has completed 
drilling 39 out of 51 planned wells in the Elk Point/Lindbergh heavy oil area. 
The completed wells have been placed on primary production, currently produc-
ing about 18,500 barrels per day. 

Cajnterflow Reactor Shows Economic Promise for Upgrading and Coprocessing 

A description of Canadian Energy Development's (CED) counterflow reactor tech-
nology Is presented on page 3-6. The single stage hydrogenation process is 
said to be economically attractive with a 20 to 22 percent rate of return ex-
pected at current synthetic crude oil and bitumen price differentials. 

Borehole Mining Said Applicable to Tar Sands 

A consulting engineer In Florida says borehole mining techniques offer an 
economical and environmentally sound method for recovering tar sands 
resources. The technique, reviewed on page 3-9, eliminates the need to move 
tons of overburden, results In no apparent surface disturbance, and operates 
well in a flooded environment. 

New Vapex Process Targets Heavy Oil Recovery 

The Vapex process Is a new recovery concept which Is closely related to the 
Steam-Assisted Gravity Drainage process, as discussed on page 3-14. Prelimi-
nary experimental work has shown that a higher rate of oil production can be 
achieved by using warm vaporized solvents rather than liquid solvents. 

Oilmulsion Combustion Tests Canted Out In Japan 

The results of research on the combustibility and flue gas treatment of 
Orimulsion using a pilot plant in Japan are discussed on page 3-17. 
Researchers concluded that the characteristics of Orimulsion are very similar to 
those of heavy oil, having equivalent handling properties and combustibility. 
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Sustainable Development Program Pushed for Alberta 

Alberta's Minister of the Environment says that the emergence of global Issues 
such as add rain and global warming has emphasized that all economic activity 
depends on a healthy environment. As detailed on page 3-19, new technologi-
cal developments will enable sustainable development to proceed in an era of 
environmental problem-solving. 

Coal to Acetylene Project Planned 

American Plastics and Chemicals plans to demonstrate the commercial viability 
of a desulfurizing coal gasification process at the Acme Power Plant in 
Sheridan, Wyoming. The emphasis will be on acetylene production, while hot 
steam, electricity, nitrogen, hydrogen, and carbon dioxide will also be produced. 
Details are on page 4-1. 

Ground-Breaking Held for ENCOAL 

ENCOAL's $72.6 million Liquids From Coal Process Commercial Demonstration 
Plant will be built at the Triton Coal Company Buckskin Mine near Gillette, 
Wyoming. As discussed on page 4-1, the plant will process 1,000 tons per day 
of subbituminous coal while demonstrating a type of mild gasification. 

DOE and CE Negotiate an Agreement for the Lakeside Project 

The United States Department of Energy will provide $129.4 million to Combus-
tion Engineering to convert the Lakeside Generating Station in Springfield, Il-
linois to a gasification combined cycle system. This demonstration project, 
detailed on page 4-2, will be the first to use a new "hot gas" cleaning system 
that Increases plant efficiency and lowers overall costs. 

Wyoming Clean Coal Projects Have Ups and Downs 

Three Wyoming clean coal projects are discussed on page 4-3. CoalBrik of 
Wyoming is In financial trouble; Wyoming Coal Refining Systems (formerly 
Char-Fuels) has been unable to obtain federal financing; and K-Fuels is back 
on track after securing a new financial arrangement through a subsidiary of 
Wisconsin Power and Light. 

More Byproduct Development Under Way at Great P1Mm 

Current work and future plans for byproduct development at the Great Plains 
synfuels plant in North Dakota are discussed on page 4-4. Planned projects 
Include a phenol facility, a krypton/xenon unit, creosote production and a 
naphtha hydrotreater. Other potential byproducts are under consideration. 

Southern Company Services to Test Hot Gas Cleanup Processes 

Southern Company Services, under an agreement with the United States Depart-
ment of Energy, will test techniques for cleaning the gas produced by two ad-
vanced coal technologies--pressurized fluidized bed combustion and gasification 
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combined cycle systems. Advanced "hot gas" cleaning methods, discussed on 
page 4-6, have the potential to remove 99.9 percent of the particulates from 
combustion gases while increasing plant efficiency. 

DOE Restarts Clean Coal Program 

After several months of delay, the United States Department of Energy has 
issued the draft solicitation for the fourth round of clean coal technology 
competition. As outlined on page 4-8, the government is expected to offer at 
least $568 million in federal cost sharing for projects that demonstrate en-
vironmentally clean ways to use coal. 

Gradual Shift to Chemicals from Coal Seen by Eastman 

Since 1983 Eastman Chemical Company has been producing industrial chemicals 
by using coal as a feedstock. The article on page 4-9 discusses the current 
technologies available for producing chemicals from coal, the chemicals 
produced from coal at the Tennessee Eastman Chemical Plant, and emerging 
chemicals from coal technologies. 

Shell Coal Gasifier Predicted to be Economical for Transportatkti Fuels In 2003 

As discussed on page 4-13, the Shell Coal Gasification Process produces syn-
thesis gas which can be converted into a variety of transportation fuels such 
as gasoline, aviation turbine fuel and diesel. Shell says that coal derived 
fuels will be competitive with conventional sources of supply in 10 to 
15 years. 

High Value Coproducts Seen as Key to Success to IGT Mild Gasification 

A market survey has shown that the real economic incentives for mild 
gasification lie in processing the char to high-market-value products and in 
marketing the oils and tars as chemical feedstocks. See page 4-16 for an 
overview of the ICT mild gasification process and a discussion of potential 
coproducts. 

Vortex Partial Combustor/Gasifier Tested at Penn State 

DONLEE Technologies Is testing an advanced subetoichiometric precombustor for 
producing a combustible gas for new and retrofit boiler applications. As 
detailed on page 4-20, the precombustor is based upon a Two-Stage Vortex 
Fluidized Bed Combustor (2VFBC) concept. 

Advances Noted In CrocessIng at UOP 

Efforts by UOP to optimize single-stage slurry-catalyzed coprocessing are 
reviewed on page 4-21. Long-term operability of the process was 
demonstrated In the continuous pilot plant for nearly 2,000 hours onstream. 
Catalyst recovery has been demonstrated to exceed 95 percent. 
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IGHAT Cycle Promises Better Performance Than 10CC 

Fluor Daniel's new thermodynamic cycle for gas turbines, the Humid Air Turbine 
(HAT) cycle, when integrated with coal gasification as the source of fuel gas, 
becomes the IGHAT cycle. As discussed on page 4-22, an Electric Power 
Research Institute study suggests that the IGHAT cycle could deliver electricity 
at a cost that Is 10 to 15 percent lower than that from an IGCC plant. 

Siemens Gas Turbine Burners Tested for Buggenurn 10CC Power Plant 

An integrated coal gasification combined cycle plant, employing the Shell 
entrained flow coal gasifier, will be built In The Netherlands. A description of 
the process and the results of burner testing are presented on page 4-30. 

New Coal Conversion Program Under Way in the European Communities 

The Commission of the European Communities (CEC) has approved a new energy 
technology program called THERMIE, in which demonstrations of the various 
clean coal technologies will receive financial support. The article on 
page 4-35 reviews a number of coal conversion projects which have had the 
support of the CEC. 

Clean Coal Technology Program Under way In China 

Recent advances in coal gasification, water gas methanation, fluid bed combus-
tion, and cogeneration of town gas and motor fuel or chemicals in China are 
reviewed on page 4-37. All of these projects have successfully passed small 
scale pilot or demonstration tests. 

GSP Process Considered for Two 10CC Projects In Germany 

The GSP entrained flow gasification process has been integrated into a com-
bined cycle power station design, as discussed on page 4-38. The system Is 
being investigated in several detailed planning studies for power plant unit 
outputs of 20 to 300 megawatts. 

NIOSH Studying Toxicity of Mild Gasification Products 

The National Institute for Occupational Safety and Health is studying the 
toxicity of liquid products resulting from the mild gasification of coal. As 
detailed on page 4-41, tests are being performed to assess potential occupa-
tional and environmental health impacts of coal conversion processes and 
products. 

New Natural Gas Section Inaugurated in This Issue 

This Issue of the Pace Synthetic Fuels Report contains for the first time a 
section on the conversion of natural gas to liquid fuels. With the prospect of 
three large-scale natural gas conversion projects in the world, it Is clear that 
synthetic fuels from natural gas are of widespread Interest. Coverage of this 
subject begins on page 5-1.
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CORPORATIONS 

SKYGAS UNIT UNDER CONSTRUCTION IN ITALY 

Montana Precision Mining, Ltd. (MPM) has announced that 
Smogless SpA., Milan, Italy will complete construction of 
the first Skygas commercial demonstration unit by the end of 
1990. 

Skygas is a "photo-electrokinetic" process for converting 
solid and semi-solid wastes into a clean burning medium 
BTU gas that can be used for producing steam or electric 
power. The composition of the gas also offers the potential 
for conversion into chemicals such as methanol and am-
monia. 

Smogless also plans to start development of two full scale 
commercial Skygas units for inclusion in a refuse derived fuel 
(RDF) incineration plant and in a RDF plus sewage sludge 
incineration plant, both in Italy. 

On March 20, 1990, MPM announced that it had entered 
into an agreement with Smogless and Xytel Corporation, Mt. 
Prospect, Illinois, for the purpose of commercializing the 
Skygas process. 

"Smogless will be investing in excess of $4,000,000 in the first 
unit," said MPM spokesman R. Little. "We are very pleased 
with the progress of this project, as a commercial unit will be 
completed in only 8 months from the time we entered into 
the agreement with Stringless and Xytel," he added. 

Smogless, headquartered in Milan, Italy, specializes in design-
ing and constructing plants for treating municipal and in-
dustrial wastes and effluents. Xytel, headquartered in 
Mt. Prospect, Illinois, is a designer and manufacturer of ad-
vanced process and product research systems for the 
petroleum, petrochemical, chemical, pulp and paper, and 
food industries. Montana Precision Mining, Ltd., with of-
flees in Spokane, Washington and Eureka, Montana, has ex-
clusive licensing rights to the Skygas process and is involved 
in waste-to-energy projects and in exploration and develop-
ment of mining properties. 

IGT ANNUAL REPORT NOTES WORK ON SYNTHETIC 
FUELS 

In its 1990 Annual Report, published in November, the In-
stitute of Gas Technology (IGT) reported on a number of 
projects involving synthetic fuel technologies. 

Chemicals from Methane 

Using microorganisms that use methane for growth, KiT is 
developing biocatalytic oxidative technology to produce high-

value chemicals. The microorganisms can perform selective 
oxidation in terms of extent, type, and specific place on the 
chain of carbon atoms in any complex organic chemical struc-
ture. Researchers have been successful in producing such 
chemicals in sufficient quantities to determine their values 
and attributes. 

Research is also continuing on the production of chemicals 
by the catalytic treatment of methane. The program's initial 
emphasis was the development of a catalyst that promotes 
the conversion of methane to ethylene. KIT is now con-
centrating on the use of its patented SMP/GRI catalysts to 
couple methane with other hydrocarbons to form high-value 
chemicals, including styrene and ethylbenzene. 

Coal 

The United States Department of Energy (DOE) is funding 
studies for the development of IGT's MAGSORB process 
for the bulk separation of CO2 from hot gas streams. The 
process uses a regenerable sorbent of magnesium oxide 
modified with potassium carbonate to absorb CO 2 at high 
temperatures. Researchers are currently performing tests on 
the removal of CO, from fuel gas produced by a coal 
gasifier. The resorting product gas stream has a high 
hydrogen content and is suitable for use as a synthesis gas or 
as the fuel feed to a molten carbonate fuel cell. Laboratory-
scale tests are in progress to determine the effects of various 
operating parameters on the absorption and desorption 
kinetics of the sorbent. 

In another DOE research effort, an IGT project team con-
tinued work on the design, construction, and operation of a 
100-pound per hour process research unit (PRU) for the 
IGT mild gasification process. Researchers are using the 
latest results of the PRU study to update the scale-up to a 
24-ton per day process development unit (PDU) targeted for 
a site at Southern Illinois University at Carbondale. 

Data from a related project funded by the Center for 
Research on Sulfur in Coal (CRSC) in Illinois demonstrated 
that the microscale pyroprobe laboratory method is suitable 
for rapidly evaluating the mild gasification potential of dif-
ferent coals under a variety of process conditions. The study 
also showed that a calcium oxide diluent can reduce the sul-
fur content of condensables by as much as 40 percent in the 
light nil fraction. 

CRSC also sponsored a program to determine the effects of 
operating variables on the conversion of sulfided calcium-
based sorbents from coal gasifiers and advanced combustors 
to environmentally acceptable solid disposal products. The 
results indicate that the extent of conversion of calcium sul-
fide to stable calcium sulfate is higher for sorbents with 
smaller particle size, higher magnesium content, and a lower 
level of sulfidation in the gasifier. 
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Oil Shale Research 

IGT is in the third year of a DOE program to develop a pres-
surized fluidized-bed hydroretorting (PFH) process for east-
ern oil shales. The program involves research on many 
aspects of the FF1! process, ranging from shale grinding to 
the mitigation of environmental concerns. Seven universities 
are also involved in this project. 

IGT's efforts are focused on the effects of temperature, pres-
sure, particle size, residence time, and degree of preheating 
on oil and gas yields for an Indiana shale. Researchers also 
determined the effects of temperature and pressure on 
product yields for shales from Alabama, Kentucky, Michigan, 
Ohio, and Tennessee. The results show that oil yields in-
crease with increases in pressure for all six shales tested, and, 
in general, higher temperatures produced more gas and less 
oil. Oil yields of up to 270 percent of Fischer Assay have 
been achieved in laboratory-scale tests, says the IGT report. 

Compared to moving-bed hydroretorting, FF14 processing 
reduces hydrogen consumption by up to 46 percent and the 
number of retorts needed for a 50,000 barrel per day plant 
from 17 to 8. The use of beneficiated shales in the FF1! 
process produces further reductions in hydrogen consump-
tion and in the number of retorts required, as well as a reduc-
tion in sulfur-cleanup requirements from the effluent gas 
stream and in the quantity of spent shale for disposal. Ac-
cording to lOT, combustion of the retorted shale to make 
more complete use of the resource also becomes more attrac-
tive when using beneficiated shale. 

IGT completed modifications on existing equipment to 
facilitate bench-scale tests for the FF1! process at 
100 pounds per hour in a 6-inch-diameter reactor. 
Shakedown tests have begun. 

U-GAS 

lOT continues to provide technical support to Tampella Ltd. 
in the construction of a U-GAS pilot plant in Messukyla, Fin-
land, scheduled for completion by the end of 1990. lOT has 
also begun research for Tampella in four areas to enhance 
the marketability of the U-GAS process: hot-gas cleanup, 
computer modeling to facilitate the design, cold-flow model 
design to aid the plant operation, and an analysis of the ap-
plicability of the process to multiple solids feeds. 

BA1TELLE CALLS FOR ENERGY DIVERSITY 

Speaking at the Osaka Gas Research and Development 
Forum in Japan last month, D. Olesen, president and chief 
executive officer of Battelle, said that "more than ever 
before, the key word for the energy industry is diversity." He 
said, "Diversification will be the key to our energy future—
diversification fueled by technology."

Olesen called for global initiatives to strike a balance be-
tween a secure supply of energy and a healthy environment, 
saying "we must think globally and act locally." 

Every country, Mate, and business must develop long-range 
energy and environmental policies. Everyone at all these 
levels must consider energy and environmental issues when-
ever setting any policy, he said. 

Olesen pointed out two important steps to address these 
issues: first, energy efficiency, and second, waste minimiza-
tion. 

Energy efficiency has become one of the most critical factors 
for the success of businesses. Scientists from around the 
world, in evaluating the energy future of several industrial 
nations, determined that technology will play a key role in 
helping them develop without further harm to the environ-
ment. 

In the Soviet Union, for example, restructuring the economy 
could bring about energy-efficiency measures that would 
reduce future energy demand by about one-sixth over the 
next 2 decades. But introducing the best technology over 
those 20 years could reduce energy demand by a full third. 

According to Olesen, the world's best model for industrial 
efficiency is Japan. In the past 20 years, all the world's major 
industrialized nations unproved their energy-efficiency by 
about 25 percent. In that same time, Japan improved by 
more than 30 percent—even though it was already the most 
efficient, he said. This energy-efficiency is at least partially 
responsible for Japan's economic resurgence over the past 
2 decades. 

One of the most important elements of Japan's energy 
strategy has been to put more money into energy research 
than into all other federal research projects combined. The 
result is that Japan now has the world's best technology in 
areas like solar cells, liquid natural gas storage and transpor-
tation, and generators that can produce electricity from 
gasified coal. 

Individuals around the world are also becoming more aware 
of the need to conserve energy and reduce waste. An atmos-
phere of environmental awareness has opened a vast new 
market of environmentally conscious consumers, who will be 
more willing to bring new energy sources into the home, buy 
more products to increase energy efficiency, and even con-
vert to cars powered by alternative fuels. 

As with energy efficiency, eliminating waste should not be a 
struggle to meet new government regulations. It is a way to 
use technology to gain a competitive edge by minimizing 
waste throughout the entire production process—from design 
to disposal. Eliminating waste can dramatically lower costs, 
decrease liability, result in more healthful work environ-
ments, improve community and customer relations, and in-
crease competitiveness. For utilities and other businesses, 
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said Olesen, investing in waste minimization is absolutely es-
sential. 

Increasing energy efficiency and minimizing waste are 
measures which can be implemented immediately on a 
global basis. However, said Olesen, the solutions to future 
energy problems will come from technology. 'The technical 
community must be the responsible party and rationally 
balance industrial progress, environmental stability, and 
energy security," he said. 

To provide tomorrow's energy solutions, the technical com- 
munity must utilize the full range of the Earth's energy 
resources. Over the next several decades a variety of fuels 
will be used. 

Oil is currently the world's leading energy source, and it will 
continue to be a major source for years to come, even 
though we are witnessing the beginning of oil's decline. It is 
a big contributor to greenhouse gases, oil reserves are shrink-
ing, and there continue to be major political problems in ob-
taining a reliable supply of oil. 

One thing that can be done while oil continues to be a major 
energy source is to build more fuel-efficient cars, said 
Olesen. 

It is also necessary to develop research and development ef-
forts to improve the environmental compatibility of drilling 
and delivery methods, which will require work in a wide 
range of technologies—like advanced sensors and fiber op-
tics, satellites, earth studies, and advanced materials. 

The world's second leading fuel, coal, also will continue to 
be an important and relatively abundant energy source in 
many parts of the world. And, like oil, it also needs new tech-
nology to make it more environmentally compatible. In this 
area, Battelle is currently working to develop a genetically 
engineered bacterium that would eat the organic sulfur from 
coal. 

Battelle also developed a fluidized-bed combustion system 
that is now being used at a British power plant to meet strin-
gent environmental standards. The new system substantially 
reduces sulfur dioxide and nitrogen oxide emissions. The 
plant previously burned oil and gas, but now it can run 
strictly on local, high-sulfur coal. 

While technology can help in using coal and oil more effi-
ciently, the energy source with the brightest future over the 
next few decades will likely be natural gas, said Olesen. 

Natural gas is less polluting than other fossil fuels—in emis-
sions, in drilling, and in delivery. It is relatively abundant 
and much more politically accessible than oil. 

In order to expand the use of natural gas in the decade 
ahead, the gas industry will have to focus its research and 
development in three areas:

- Improvement of existing uses of gas to curtail emis-
sions 

- Reduction of the environmental impact of produc-
tion, transportation, and distribution 

- Development of new gas technologies to replace 
higher-emission fuels 

For example, said Olesen, the steam-injected gas turbine 
may be the most important development in using gas for 
power generation. Today, the typical electric power plant 
has a 33-percent efficiency in power generation. Cogenera-
tion might get that rate up to 37 or 38 percent. But a steam-
injected gas turbine could reach 45-percent efficiency, he 
said. 

New technology could also make gas an effective fuel for 
home cooling systems through developments like the gas 
heat pump. 

Gas even can be used to produce other chemicals usually 
made from petroleum products, such as plastic bags and 
pipes, polyester fibers, plastic containers, and even deter-
gent. 

Another new market for gas may be as an automotive fuel, 
especially for fleet vehicles, said Olesen. One of the biggest 
technological challenges in this area will be developing 
smaller, lighter containers for compressed natural gas. 
Another potential automotive fuel derived from natural gas 
is methanol. 

Another fuel, ethanol, has a lot of supporters in various parts 
of the world. In Brazil, ethanol made from sugar cane is al-
ready the leading fuel for vehicles. It is possible that in a few 
years there may be many vehicles running on ethanol made 
from corn in the American Midwest—and on compressed 
natural gas or methanol in California and Japan. Fleet 
vehicles in major cities around the world might be running 
on natural gas or electricity. 

In some parts of the world, he added, solar and wind tech-
nologies will play a role in energy diversification. And in 
many parts of the world, nuclear energy will be an important 
part of that diversification. 

Nuclear power plants already generate more than 70 percent 
of the electricity in France and Sweden. And Japan is one of 
several countries that hopes to substantially increase its 
nuclear efforts over the next few decades. 

Europe's Joint European Torus, or JET, is a 14-nation 
project to conduct the research that ultimately may lead to a 
Prototype nuclear fusion reactor early in the next century. 
Europe has seen the need for long-range energy planning 
and research, so the European Community has funded 
80 percent of JETs $110 million annual budget. 
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"It is that type of cooperative effort that is going to give the 
energy industry the technological boost it needs to jump into 
the 21st century. Not just with nuclear power or hydrogen 
power, but throughout the entire energy field," said Olesen. 

Technology today operates on a global scale. Technology is 
so sophisticated and so expensive that even the largest corn-
parties cannot afford to do it all themselves. More and more, 
firms are discovering that partnerships and coalitions are the 
only way to stay ahead of the technology curve. 

As an example, Battelle recently started the first phase of an 
alternative fuels project that is being supported by automo-
tive manufacturers; natural gas, electric, propane, and 
petroleum companies; trucking companies; and environmen-
tal agencies.

FUEL OIL FROM WOOD PLANT COMPLETED IN 
MISSOURI 

Interchem Industries Inc., in a joint venture with Midwest 
Pacific Inc., has completed a 1.7 million gallon per year syn-
thetic fuel oil plant in Mountain View, southern Missouri. 

The new plant will convert 13,000 tons per year of waste 
wood from a Mountain View hardwood flooring plant into 
fuel oil and charcoal. Product deliveries were scheduled to 
begin sometime this fall. Interchem, a company specializing 
in the environmentally clean production of commodity chemi-
cals, expects the facility to generate revenues of $1 million 
annually.

#fl# 
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GOVERNMENT 

FUTURE OF ENERGY DEPARTMENT LABORATORIES 
DEBATED 

The Secretary of Energy Advisory Board (SEAB) has 
formed a task force to help determine the future of the 
Department of Energy's (DOE) laboratories. The SEAB 
was created earlier this year to assist DOE in its formulation 
of a national energy strategy. 

The task force will evaluate the roles of DOE's laboratories 
and then issue a report on its findings sometime next year. 
The debate began this fall when several national laboratory 
directors gave presentations at the group's first meeting held 
at Scripps Institute of Oceanography in La Jolla, California. 

The SEAR task force is chaired by B. Frieman, director of 
Scripps Institute of Oceanography. The task force includes 
five SEAR members: L. Allen, Jr., Jet Propulsion 
Laboratory director, L. Lederman, DOE's Fermi National 
Accelerator Laboratory director emeritus; M. May, DOE's 
Lawrence Livermore National Laboratory director emeritus; 
and J. McTague, Ford Motor Company technical affairs vice 
president. Frieman is also a member of the SEAR. 

Additional task force members are: W.R. Brinkman, AT&T 
Bell Laboratories research-physics division executive direc-
tor, T. Coffey, Naval Research Laboratory director of 
research; and J. Foster, TRW Inc. board member and 
Defense Science Board chairman. 

fl## 

DOE RELEASES MID-TERM STRATEGY OPTIONS 

The United States Department of Energy (DOE) recently 
outlined a mid-term energy strategy, which targets three 
specific energy categories: 

- Energy efficiency 
- Fuel switching, alternative fuels, and oil back-out 
- Petroleum supply options 

Energy Efficiency 

The DOE strategy encourages the use of lower octane 
gasoline. Because about about 80 percent of United States 
vehicles operate well on 87 octane (regular) gasoline with no 
significant effect on engine fuel economy, durability or emis-
sions, DOE says energy and money can be saved by cutting 
back on the use of premium gasoline. DOE says the oil 
savings goal of this measure is 30,000 to 80,000 barrels per 
day and can be obtained by reducing the average octane 
level from the current 88.5 to 87. In addition, says DOE, con-
sumers could save up to $3 billion per year.

DOE encourages oil burner tune-up and replacement. With 
an average use of 900,000 barrels per day of fuel oil for space 
heating, improved maintenance could improve efficiency by 
10 percent. The replacement of older equipment could fin-
prove efficiency by 25 percent. The oil savings goal of thisQ 
measure is 35,000 to 50,000 barrels per day. 

Better driving habits can improve gas mileage by 15 percent, 
says DOE. By using the Federal Driver Energy Conserva-
tion Awareness Techniques (DECAl'), the oil savings goal 
of 70,000 barrels per day in personal transportation, and 
50,000 barrels per day in commercial transportation could be 
realized. 

The DOE strategy encourages conservation in the use of 
electricity. In the Northeast and Mid-Atlantic States, every 
1 percent reduction in electricity consumption reduces 
energy inputs to utilities by the equivalent of 150,000 barrels 
of oil per day. 

Conservation of industrial oil consumption is also en-
couraged. A 1 percent reduction in oil use by manufacturers, 
which currently accounts for 25 percent of all United States 
oil consumption, would save 36,000 barrels of oil per thy. 

In addition, the President will issue an Executive Order 
directing federal agencies to increase energy efficiency in 
new construction and in existing installations. 

Fuel Switching, Alternative Fuels, and Oil Back-Out 

The DOE strategy urges expeditious processing of natural 
gas pipeline projects. The document states that a substantial 
capability for fuel switching exists in the United States, par-
ticularly from oil to natural gas. A number of natural gas 
pipeline construction projects are awaiting permitting deci-
sions. If completed, such projects could displace 
55,000 barrels of oil per day in 1991 and another 
595,000 barrels per day beginning in 1994. 

DOE encourages utilities to minimize the dispatching of oil-
generated electricity. Currently, the utility industry con- 
sumes about 650,000 barrels of oil per day for power genera-
tion, mostly for peak power production. 

The DOE strategy calls for an accelerated rate of conversion 
of the federal fleet to alternative fuels, including methanol, 
ethanol, compressed natural gas, propane and electricity. 
The federal government purchases 55,000 vehicles each year. 
On September 13, 1990, DOE and General Services Ad-
ministration announced the purchase of 65 alcohol fuel-
flexible vehicles to be delivered in January 1991. 

The DOE plan also urges accelerated permitting of waste-to-
energy plants. Municipal solid waste plants offer a competi-
tive power generation alternative, says DOE. In New 
England, there are 13 such plants under construction and 
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28 more are planned. These plants have the potential to dis-
place up to 35,000 barrels of oil per day within 3 years. 

Petroleum Supply Options 

The DOE strategy recommends expediting permits for Alas-
kan oil production projects. For example, resolution of per-

.. mitting problems could result in production of up to 
100,000 barrels of oil per day in the next 12 to 18 months 
from two developed fields in Alaska's Beaufort Sea. An 
inter-agency task force will consider expediting such projects. 

An increase in the production of heavy oil in California 
could result in an additional 50,000 to 100,000 barrels per 
day in the next 1 to 2 years. There are currently about 
13,000 California oil wells that are shut-in. Action to in-
crease natural gas supplies for the steam generation needed 
to recover heavy oil from these wells could allow production 
without adverse effects on air quality, says DOE. 

The strategy also calls for incentives for domestic oil and gas 
exploration. The Administration has included in the budget 
for the last 2 years a temporary tax credit for new enhanced 
oil recovery projects and for exploratory drilling expendi-
tures; elimination of the transfer rule; an increase in the per-
centage depletion net income limitation; and a larger deduc-
tion from income for Alternative Minimum Tax purposes for 
exploratory drilling costs by independent producers. These 
incentives would increase new exploratory drilling, especially 
by independent producers; would slow the abandonment of 
marginal wells; and would increase production from aging 
fields. The combined effect of the incentives is to add an es-
timated 172,000 to 196,000 barrels per day by 1995. 

In addition, DOE encourages accelerated development of 
Alaskan energy resources, without damage to wildlife. DOE 
says that the coastal plain of the Arctic National Wildlife 
Refuge (ANWR) should be explored, and if significant 
resources are found, it should be developed without damage 
to wildlife. In March 1989, the Senate Committee on Energy 
and Natural Resources approved a bill authorizing explora-
tion and development of ANWR. Similar legislation was in-
troduced in the House. The Administration will work with 
Congress to move forward on ANWR in an environmentally 
sound manner.

Sn, 
SBIR FOSSIL ENERGY AWARDS DESCRIBED 

The United States Department of Energy's Small Business 
Innovation Research (SBIR) program announced the win-
ners of Phase I awards ($50,000) earlier this year. Abstracts 
of the planned research programs were released early in 
December. Fossil energy awards related to synthetic fuels 
are summarized in the following.

Mild Gasification In Transport Reactors 

Advanced Fuel Research, Inc. says there has been recent in-
terest in the small scale production of liquids from coal by 
mild gasification. While most work on mild gasification ad-
dresses dense phase reactors or large particles, several 
laboratories report that flash pyrolysis using small particles 
in dispersed-phase reactors produces a higher yield 
(sometimes two or three times higher) than fixed-bed 
pyrolysis. The objective of this project is to develop a mild 
gasification process based on the concept of transport, or 
fast fluidized-bed, reactors. The mild gasification transport 
reactor will be coupled in a loop to a second reactor that will 
be used for combustion or gasification. To obtain mild 
gasification with maximum liquids production, the transport 
reactor has many advantages. The mild gasification 
transport reactor will produce a highly reactive char and a 
high yield of liquids. The char will be gasified or burned in a 
second reactor. This project will optimize the reactor system 
so that the heaviest liquids can be used for high value carbon 
materials such as fibers and gaskets, and the lighter fractions 
upgraded for liquid fuels. 

High Efficiency Tar Sand Oil Recovery 

This award to Energy Recovery Technology involves the 
Counter Current Solid Streams Heat Transfer (CCSSHT) 
retort, a new process for efficient oil recovery from tar sands 
and oil shale. It can also be used as a heat recovery soil in-
cinerator with the dual advantages of reduced (about 
80 percent) fuel and air pollution control needs. CCSSHT 
high efficiency is promoted by (1) recovering the spent sand 
heat to preheat the feed ore, (2) thoroughly burning and 
using the coke energy, and (3) operating without using hot 
recycle sand as a heat carrier. The latter point is doubly im-
portant for high oil yield and generation of reactive coke, 
which can be burned below 1,000 017 when carbonate 
minerals are present to avoid endothermal calcination of the 
carbonates. The multi-operation process is achieved in a 
high throughput, single-vessel kiln, which has operation and 
equipment costs about 70 percent lower than other 
prominent processes. 

Economic Enhancement of Tar Sands by Extraction of 
High-Value Products 

James W. Eunger and Associates, Inc. indicate that enhance-
ment of tar sand economics requires technology leading to 
high-value products. A Native Products Extraction (NPX) 
strategy is planned for separation and purification of 
naturally occurring constituents of bitumen which are known 
to have a high market value. The separation techniques are 
low in cost compared to the incremental value added to the 
product slate. An estimated 50 percent of bitumen may be 
separated for its commodity and specialty chemical values. 
Economic enhancement of $26 per barrel over costs is 
projected. Native commodities, coproduced with asphalt, 
will expand the scale and profitability and will significantly 
increase resource recovery and utilization. 

-
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Advanced Catalytic law-Rank Coal Gasification Process for 
Production of Synthesis Gas 

Manufacturing and Technology Conversion International, 
Inc. is working on a gasification system employing indirect 
heat transfer. In the indirect gasification process, the heat 
for the endothermic gasification reaction is provided through 
a heat exchanger. Since the product gas does not mix with 
the combustion flue gas, it contains essentially carbon 
monoxide and hydrogen and is of high quality. This syn-
thesis gas is ideal for use with indirect liquefaction processes 
or as a source of chemical feedstock. The process overcomes 
the present limitations of indirect gasification processes by 
reducing requirements for large heat transfer areas and/or 
low throughput capacity caused by low heat transfer rates in 
conventional state-of-the-art heat exchange technology. This 
project will use a fluidized bed capable of achieving rapid in-
direct heating with high heat transfer rates to develop a 
process for producing synthesis gas from low rank coals. The 
planned technology provides a simplified process and reactor 
design that has high system throughput and superior overall 
economies for processing the underused and inexpensive low 
rank coal resource into high quality gas. 

Low Cost Iron Microparticles for Slurry Catalyzed 
Coal Liquefaction 

ElectroChem, Inc. notes in their abstract that direct coal li-
quefaction currently requires an expensive molybdenum 
catalyst. Iron is relatively inexpensive, and its use would 
eliminate a costly step of catalyst recovery. Considerable 
research has shown iron to be a good catalyst for hydrogena-
tion, hydroconversion, hydrodesulfurization, and demetalliza-
tion of coal and petroleum residue. Because iron's role in 
these catalytic processes is not well understood, researchers 
do not agree on its effectiveness as a catalyst. A systematic 
survey of the catalytic effectiveness of highly dispersed iron-
sulfur species will be made to contribute to a better under-
standing of the chemical process involved and to the develop-
ment of a novel catalyst system with improved utility. This 
project will prepare highly dispersed iron and will test it in a 
bench-scale coprocessor.

DOE GETS INCREASE IN FOSSIL ENERGY BUDGET 
FOR 1991 

Congress has increased the Department of Energy's (DOE) 
fiscal year 1991 budget for fossil energy research and develop-
ment by more than $45 million. The total 1991 appropria-
tion amounts to $463,425,000 compared to $418,271,000 in fis-
cal year 1990. Table 1 (on the next page) lists the 1990 and 
1991 budget amounts for all categories of research and 
development (R&D). 

Coal 

Advanced research and coal technology development will 
receive funding of $31.4 million, a jump of nearly $5 million 
over 1990 budget appropriations. 

Funding for coal liquefaction research and development was 
increased by more than $8 million in fiscal year 1991. 

Fuel cell research and development funding was raised by 
almost $5 million with total funding in 1991 of $42.9 million. 

The DOE's budget for coal gasification R&D was cut by 
$8.4 million, from $23.4 million in fiscal year 1990 to 
$15 million in fiscal year 1991. 

Petroleum 

Congress increased DOE's budget for petroleum research 
and development in all categories for fiscal year 1991. Fund-
ing for advanced oil extraction and process technology in-
creased by $6.5 million. The budget for enhanced oil 
recovery R&D went up by $4.4 million. 

Oil Shale 

Oil shale research and development received the largest per-
centage increase over 1990 budget levels. The fiscal 
year 1991 budget amount of $172 million is an $8.2 million 
increase. 

Cooperative R&D 

#fl#	 Congress also significantly increased the funding for coopera-
tive research and development in the area of fossil energy. 
The fiscal year 1991 budget amount of $11.9 million is a 
$73 million increase over fiscal year 1990 funding. 
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Total Coal 

I. Surface Coal Gasification 
1.Advanced Research 
2. Systems for Power Production 
3. Systems for Indus. Fuel Gas Production 
4. Systems for Syn. Gas Production 
5. Systems for Coproducts Production 
6. Great Plains Gasification Project 

Subtotal Surface Coal Gasification

$2,617 $1,875 
6,318 5,967 
919 - 

1,724 1,039 
11,850 6,165

	

$23,428	 S15.046 

	

$275,259	 $289,066 

TABLE 1 

FOSSIL ENERGY RESEARCH AND DEVELOPMENT FY 1991 BUDGET 
(Dollars in Thousands) 

I. Coal 
A. Control Technology & Coal Preparation 

1. Advanced Research $2,092 $3,206 
2. Coal Preparation 19,945 16,503 
3. flue Gas Clean-Up 16,826 16,765 
4. Gas Stream Clean-Up 16,690 16,864 
S. Waste Management 2.062 2386 

Subtotal Control Tech. & Coal Preparation $57,615 $55,124 

B. Advanced Research & Technology Development 
1. Coal Utilization Sciences $4,121 $5,537 
2. Materials & Components 8,893 9,048 
3. Technology Crosscut 7,701 11,060 
4. University/National Labs Coal Research 5.675 5.731 

Subtotal Advanced Research & Tech. Development $26,390 $31,376 

C. Coal Liquefaction 
1. Advanced Research $6,636 $8,046 
2. Direct Liquefaction 17,680 20,509 
3. Indirect Liquefaction 8,475 11,859 
4. Support Studies & Engineering Evaluations 1.735 2.263 

Subtotal Coal Liquefaction $34,526 $42,677 

D. Combustion Systems 
I. Advanced Research $2,360 $3,141 
2. Atmospheric Fluidized Bed Combustion 2,961 2,407 
3. Pressurized fluidized Bed Combustion 12,617 17,376 
4. Advanced Combustion Technology 5,556 8,564 
S. Alternative Fuels Utilization 9.683 5.421 

Subtotal Combustion Systems $33,177 $36,909 

E. Fuel Cells 
1. Advanced Research $1,458 $1,444 
2. Phosphoric Acid Systems 8,291 8,853 
3. Molten Carbonate Systems 16,777 18,423 
4. Advanced Concepts Aim 14,170 

Subtotal Fuel Cells $37,999 $42,890 

F. Heat Engines	 $20,942	 $23,615 

G. Underground Coal Gasification	 $815	 $790 

H. Magnetohydro4nantics	 $40,367	 $40,039 
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(Table 1 Continued) 

II. Petroleum 

A. Advanced Extraction & Process Technology 
1. Arctic/Offshore Research - - 
2. Geo Sd/Extract. Research $2,816 $4,944 
3.5FF Tech/Environ. Research 737 3,840 
4. Univ. Geoscience Research = 

Subtotal Advanced Extraction & Process Technology $3,553 $10,077 

B. Enhanced Oil Recovery 
1. Heavy Oil $4,014 $4,750 
2. Light Oil 22,473 25,992 
3. Tar Sands 859 995 

Subtotal Enhanced Oil Recovery $27,346 $31,737 

C. Oil Shale $9,014 $17,219 

Total Petroleum $39,913	 $ $59,033 

LII. Gas 

A. Unconventional Gas Recovery $14,429 $15,890 

IV. Program Direction & Management Support 68,238 68,116 

V. Plant & Capital Equipment 12,037 15,772 

VI. Fossil Energy Environmental Restoration 1,029 708 

VII. Cooperative R&D 4,631 11,887 

VIII. Fuels Conversion, Natural Gas & Electricity 2.735 2.953 

TOTAL FOSSIL ENERGY RESEARCH & DEVELOPMENT $418,271 $463,423

Source: U. S. Department of Energy

fin
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ENERGY POLICY & FORECASTS 

EBINGER NOTES UNCERTAINTY IN WORLD OIL 
OUTLOOK 

"In the current market environment, it is at best hazardous 
to predict where global petroleum prices will ultimately 
settle," says EL Ebinger, vice president of International 
Resources Group (IltG). 

The Iraqi invasion of Kuwait has again generated concern 
over where oil prices will stabilize once the current crisis 
recedes. Ebinger says that for OPEC to continue to 
dominate world oil, the organization must adopt a moderate 
pricing strategy. If as a result of the current crisis, oil prices 
stabilize at levels above $30 per barrel, within 5 years OPEC 
market power will deteriorate under the onslaught of alterna-
tive energy development, enhanced conversion, and an cr0-
sion in oil demand. 

While there were many reasons for Iraq's invasion of Kuwait, 
one primary motivation was to emerge as a primary chal-
lenger to Saudi Arabia's domination of the world petroleum 
market in the 1990s. With the acquisition of Kuwait, Iraq 
overnight boosted its reserves to 194.5 billion barrels (in com-
parison to 255 billion barrels for the Saudis); acquired a near 
term production capability of 5.7 million barrels per day and 
the prospect of being a 9.5 million barrels per day producer 
in the 1990s (versus 10 million barrels per day for Saudi 
Arabia); gained control of 5.2 billion barrels of oil reserves 
in the neutral zone, and 400 thousand barrels per day of 
production; and gained control of significant upstream invest-
ments in a dozen countries, major downstream world class 
refineries, significant retail markets in Western Europe and 
other sizeable investments. 

In light of the current situation, says Ebinger, any price 
forecast, however accurate, which is based on econometric 
models will not necessarily reflect other market realities, e.g., 
the fact that downstream markets prior to the crisis were be-
coming less flexible owing to reductions in excess refining 
capacity especially in the United States, and growing techni-
cal difficulties in producing petrochemical products in confor-
mance with ever tightening environmental regulations.

Furthermore, he says, the deterioration of the United States 
and global economy and the increasing likelihood of a sig-
nificant recession makes forecasting especially difficult. On 
September 21, 1990, the United States Department of 
Energy (DOE) released its supply/demand oil market 
forecast for 1995 based on its oil market simulation model 
(see Table 1). 

The model starts from 1990 prices and forecasts the in-
cremental impact on free world demand, non-OPEC, and 
OPEC supply at various real oil prices in 1995. The model is 
predicated on an OPEC production level in 1990 of 
23 million barrels per day. With spot prices on 
September 20 in excess of $34 per barrel and tensions in the 
Middle East rising. Ebinger says that DOE's assumptions 
could be questionable. 

How and when the current crisis recedes will have a major 
impact on where prices initially level off, he says. Specifi-
cally, the course of the current crisis will determine: how far 
global stocks have been drawn down; how much surplus 
OPEC and non-OPEC production has been put into the 
market to offset the loss of Kuwaiti and Iraqi oil; whether oil 
production facilities in Kuwait, Iraq, and Saudi Arabia and 
the United Arab Emirates have been destroyed; and the im-
pact that higher prices may have in plunging the world 
economy into recession reducing demand for oil. 

Short Term Oil Market 

The Iraqi invasion of Kuwait removed nearly 4 million bar-
rels per day of crude oil and petroleum products from world 
export markets. In addition, global petroleum supply lost 
access to 700 million barrels per day of Kuwaiti export refin-
ing capacity and about 150 thousand barrels per day of 
refinage capacity in Iraq. 

While estimates of OPEC and non-OPEC spare capacity 
vary widely, a recent assessment from the Middle East 
Economic Survey suggests that by the end of 1990, OPEC 
could produce the volumes shown in Table 2 (on the next 
page) in relation to the OPEC quota. 

TABLE 1

1994-1995 OIL FORECAST

Real Oil Free World Non-OPEC OPEC 
Prices Demand Supply Supply 

$30 -2.5 mmbd +1.5 4 
$25 0 +1 -1 
$20 +25 mntbd -1 +35
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TABLE 2 market fundamentals of supply and demand from forcing the 
price upwards. 

PROJECIIONS FOR LIKELY OPEC CRUDE OUTPUT 
(Thousand Barrels Per Day)

##11 

Likely Dill, from 
Quota Output Quota ENERGY PROBLEMS IN 1990s INEVITABLE SAYS 

BOOZ-ALLEN 
Algeria 827 800 -27 
Ecuador 273 280 +7 "There is a substantial gap between public perceptions and Gabon 
Indonesia

197 
1,374

270 
1,300

+73 
-74 today's energy realities," says B. Pasternack who heads the 

Iran 3,140 3,250 +110 global energy practice of management consultants Booz-

Iraq 1,500 400 -2,740 Allen & Hamilton Inc. 

Kuwait" 1,233 300 -1,200 
Libya 1,611 1,450 +217 A nationwide survey of more than 3,600 people revealed that 
Nigeria 371 1,90 +289 large numbers of American consumers mistakenly believe 
Qatar 5,380 400 +29 that technologies are now available to provide alternative 
Saudi Arabia 5,380 8,200 +2,820 fuels for cars,	 such as solar or electric power,	 on a 
UAE 1,500 2,100 +600 widespread and economic basis. 	 The survey also showed 
Venezuela 1.2.4 jjQQ that American's stated preferences for energy sources for 

electrical power generation have no correspondence to ac-
Total 22,491 23,095 +604 tual energy usage.

• Likely output comprises 400,000 b/d for local consumption. 
"Likely output comprises 150,000 b/d for local consumption plus 

150,000 b/d share of offshore Neutral Zone production. 

At the same time, it is estimated that non-OPEC producers 
could produce an additional 500 to 600 thousand barrels per 
day. With high oil prices likely to decrease global demand, 
the world should be able to have access to needed oil sup-
plies if stocks are managed effectively, significant hoarding 
does not occur, and oil installations are not destroyed, says 
Ebinger. In this scenario, oil prices should fall back to 
around $26 per barrel in the new term and into the lower 
$20s by late 1991 barring an escalation in hostilities. If hos-
tilities ensue, prices in the $45 to $65 per barrel level are 
likely if oil production facilities are destroyed, he says. 

According to a recent assessment by the OPEC Secretariat, 
with the loss of Iraqi/Kuwaiti supply, global commercial 
stocks, above the minimum operating level will last for 
171 days. This represents the difference between total global 
commercial stocks of 4,431 million barrels and a minimum 
operating inventory level of 3,700 million barrels. With 
global strategic stocks at 850 million barrels, if these stocks 
were drawn down at a rate of 50 percent, there would be 
99 days of supply available. 

According to Ebinger, if real oil prices were sustained at 
$30 per barrel to 1995, structural changes in the world energy 
market would commence which could crash the demand for 
OPEC oil in the period 1995 to 2005. At the same time, if 
the price returns to $20 per barrel, OPEC will need to spend 
billions of dollars on new productive capacity to keep the

"While the energy industry is operating in a period of un-
precedented change, the American public is complacent and 
unwilling to sacrifice, and the federal government cannot 
forge a policy consensus," said Pasternack. Energy problems 
in the 1990s appear to be inevitable. 

According to the survey, only 12 percent of American heads 
of household rank energy among the three national issues 
most important to them. 

Conducted from mid-August through mid-September, the 
survey showed that Americans worry more about education, 
crime, escalating health care costs, the environment, the 
federal budget deficit, substance abuse, health care, and na-
tional defense. 

Despite more than half the respondents being concerned 
about potential shortages of gasoline, home heating oil, 
natural gas and electricity, the survey showed that environ-
mental protection is more important than energy supply 
when tradeoffs are required. 

Nuclear energy generates about 20 percent of United States 
electric power, but 43 percent say nuclear energy is extremely 
harmful to the environment and more than half are very con-
cerned about nuclear waste. Coal used to generate 
electricity is felt to be extremely harmful by 24 percent of the 
respondents. 

On average, United States heads of household are willing to 
pay only about 6 cents a gallon more in gasoline tax to 
reduce imported oil, to fund energy research and develop-
ment, or to improve mass transit, but they are willing to pay 
about 10 cents a gallon more to protect the environment. 
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In addition, three out of five heads of household are unwill-
ing to pay more than 6 percent above the present cost for 
electricity generated by a renewable source.

work. No bureaucrat, no matter how well meaning or 
knowledgeable, can replace a complex market system." 

For electricity generation, over one-third (36 percent) of the 
respondents would prefer to use hydroelectric power; 
19 percent would prefer natural gas; only 8 percent nuclear, 
and just 3 percent coal. However, according to Booz-Allen, 
more than half of the nation's electricity for home use is gen-
erated from coal; 20 percent is generated from nuclear 
energy, over 10 percent from natural gas and hydropower; 
and less than 5 percent from oil. 

Pasternack noted that oil imports have risen from 25 percent 
in 1985 to almost 50 percent in 1990, and will continue to in-
crease. "We must provide incentives to develop existing oil 
reserves, and stop impeding production from existing 
facilities," he said. 

The survey showed that public mistrust of the oil industry 
was running at about 75 percent. 

According to Booz-Allen, the natural gas industry needs to 
focus its resources on developing new markets, enhancing 
customer service, becoming more competitive and cost-
focused, assuring longer-term gas supplies, building storage 
capability and focusing research and development efforts. 
Specifically, it should target important, higher growth applica-
tions such as power plants, enhanced oil recovery, commer-
cial cooling and vehicles. 

"Despite the success of conservation programs, energy is still 
a critical linchpin in the economy," said Pasternack. 

Booz-Allen's consultants outlined for business users of 
energy an eight-point plan for dealing with today's energy 
environment: 

Understand the company's energy vulnerabilities 

- Develop short-term contingency and conservation 
plans 

- Review distribution economics, purchasing policies, 
and customer-buying behavior 

- Switch from oil to natural gas, where possible 

- Develop multi-fuel use capabilities 

- Utilize futures markets to reduce price risks 

- Apply new technologies, where applicable 

- Provide incentives for management and employees 

"As the federal government wrestles with developing a na-
tional energy strategy, it should not let recent events lead to 
overreaction," said Pasternack. "l'he crisis of the 1970s 
taught us that government control and allocations do not

Pasternack said the government should recognize that there 
is no national consensus on energy policy and should target 
opportunities for greater efficiency and more conservation 
programs. He also said the government should plan further 
sales from the Strategic Petroleum Reserve when necessary 
to alleviate significant supply/price discontinuities. 

#1St 

SURVEY SHOWS PUBLIC SUPPORT FOR STRONG 
ENERGY POLICY 

In a national survey on the Iraqi crisis, 87 percent of respon-
dents said that the United States Government needs to 
adopt a new national energy policy, and 73 percent felt that 
Iraq's invasion of Kuwait poses a serious threat to the 
United States economy and the nation's way of life. 

The survey was commissioned by Texaco Inc. and conducted 
by Penn + Schoen Associates, Inc. of New York. During the 
weekend of August 18 and 19, a total of 928 interviews were 
completed nationwide. Respondents answered nearly 
30 questions focusing on issues surrounding the crisis in the 
Middle East such as a national energy policy and ways in 
which to address the United States' growing dependency on 
imported oil. 

Respondents were presented with 10 possible elements of a 
national energy policy and were asked whether they favored 
or opposed each measure. 

Embarking on a voluntary effort asking Americans to con-
serve fuel was favored by 86 percent of those interviewed, 
but only 38 percent supported the adoption of rationing 
programs to promote conservation. When asked if a high 
consumption tax on gasoline should be imposed to promote 
conservation, 71 percent of respondents expressed opposi-
tion, while 27 percent said they would support such a tax as 
part of a national energy policy. 

Providing tax incentives for the development of alternative 
energy resources such as conversion of coal into gas is sup-
ported by 86 percent of respondents. Sixty-three percent 
were in favor of providing oil companies with tax incentives 
to keep refineries open in the United States that would other-
wise be closed down because of new and costly environmen-
tal regulations. Of those interviewed, 59 percent favored of-
fering tax incentives to oil companies to increase exploration 
for oil in the United States. 

When asked about allowing oil exploration in areas which 
are currently restricted, 70 percent were in favor of explora-
tion in off shore reserves and 51 percent would allow explora-
tion in wildlife preserves in Alaska. 
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About 46 percent of respondents thought that allowing 
gasoline prices to rise to world market levels to encourage 
conservation and provide incentives for more exploration 
should be part of a national energy policy. 

Only 40 percent of those interviewed felt that the Clean Air 
Act should be modified to reduce the requirements for new 
cleaner-burning gasoline in automobiles that would be more 
costly to produce and would use more crude oil to make. 

Figure 1 summarizes the percentage of respondents in favor 
of the possible elements of a new energy policy which were 
presented in the survey.

FIGURE 1 

POSSIBLE ELEMENTS
OF NEW ENERGY POLICY 

(SUMMARY OF THOSE FAVORING) 

	

Voluntary CHart 	 86% 

	

lncntva-AiI Energy	 86% 

	

Oil-Shore Explant. 	 70i 

	

lncntva-RetIoentea	 I 63 

	

IncentIve. tar Cap[[ 	 69% 

	

Alaskan Retuge ExpL	 81 

Pm& to Wind Mitt LVI 

	

kiodily Clean Air Act 	 40% 

	

Rationing Progrema	 48% 

	

High Consumption Tax	 27% 

as	 20%	 40%	 60%	 80%	 100% 

SOURCE: PENN + SCHOEN ASSOCIATES

RATE OF INCREASE IN OIL DEMAND PROJECTED TO 
SLOW FOR NEXT 5 YEARS 

In the next year, governments around the world will renew 
their concerns over the stability of world oil markets and de-
wee of exposure to Middle East politics and uncertainties. 
Consumers will see higher petroleum product prices and will 
become increasingly concerned with reliability of energy sup-
plies at predictable prices. Alternative fuels, such as natural 
gas and electricity, will be looked upon with increasing favor. 
Oil price instability will tend to reinforce the existing con-
cern over the environmental impacts of hydrocarbon combus-
tion, promoting a renewed dedication to the search for alter-
native, environmentally friendly fuels. 

These statements were made by A.E. Reinsch, vice president 
of the Canadian Energy Research Institute (CERI), at the 
Ninth CERI International Oil and Gas Markets Conference 
held earlier this year in Calgary, Alberta, Canada. 

However, says Reinsch, one can examine world refined 
product demand over the next 5 years with relative certainty. 
The process of change in demand composition is slow and 
deliberate; developments over the next year or two will have 
little impact on the mid-term product demand profile. 

Historical Trends 

Figure 1 depicts crude oil demand trends over the last 
decade. The dramatic demand effect following the 
1979-1981 oil crisis-4 years of negative demand growth—was 
the outcome of a unique set of circumstances. 

FIGURE 1 
Concerning environmental issues, 74 percent of those sur-
veyed thought that moderate environmental controls com-
bined with encouraging new United States oil exploration 
was preferable to strict environmental controls which would 
mean more dependence on foreign oil. The survey results 
also show that 92 percent of respondents believe that 
American oil companies can develop environmentally safe 
methods to develop new oil fields in the United States. 

When asked if the government should use some of the 
600 million barrels of oil which have been stockpiled for oil 
emergencies to reduce prices, or if it should wait, 81 percent 
said the government should wait. However, 70 percent of 
those surveyed favored changing the tax laws to put United 
States oil companies on more equal footing with foreign com-
petitors. 

When asked to choose between two alternatives—price con-
trols causing shortages and long lines, or free market forces, 
bringing higher prices and no lines-55 percent said they 
would prefer the free market alternative. 

fin

WORLD CRUDE OIL DEMAND 
1979-1989 
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SOURCE: HP STArISTICAI. REVIEW, CE 

During the 1970s, industry and governments worldwide were 
reacting to the relative price adjustment through the develop-
ment of off-oil conversion processes, multiple fuel tech-
nologies, product tax adjustments, and pursuit of combustion 
processes which either eliminated refined petroleum 
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products in favor of other energy sources or used energy 
products in a more efficient manner. 

According to Reinsch, the second price shock spurred the 
deployment of these technologies and prompted the adop-
tion of numerous measures to reduce the unnecessary use of 
energy. Along with the more severe economic downturn fol-
lowing the second oil price shock, these factors combined to 
drive demand growth down for four consecutive years. Since 
1986, global oil demand growth has been in the 2 to 
2.5 percent per year range. 

In the latter half of the 1980s, world oil demand increased by 
10 percent. However, growth in the developing countries 
was roughly double that rate. In some of the newly in-
dustrialized countries, such as South Korea, oil product 
demand increased by almost 60 percent over the second half 
of the decade. Thus, says Reinsch, petroleum product 
demand growth is closely linked to both the rate of growth in 
economic activity, and to the stage of economic development 
in the country in question. 

The composition of world oil demand is also changing, he 
says. The demand barrel has become considerably lighter 
over the last decade. In all regions, the share of gasoline and 
other light products in total product consumption has in-
creased. In the United States, gasoline demand accounts for 
over 42 percent of total product demand, versus 37 percent 
in 1979. For the OECD (Organization of Economic 
Cooperation and Development) as a whole, gasoline's share 
has increased from 28 percent in 1979 to over 33 percent in 
1989. 

The petroleum products market is increasingly becoming a 
transportation fuels market. The results of a comprehensive 
CERI study dealing with the technical, economic and com-
mercial potential for alternative transportation fuels suggest 
that market penetration for these fuels is limited under the 
existing relative price and market structures. Limited scope 
for fuel substitution over the next decade in turn suggests 
that energy policy relating to oil demand and consumption 
will increasingly be viewed as transportation policy, says 
Reinsch. 

Current Demand 

The OECD countries continue to be the dominant consumer 
of petroleum products, representing 56 percent of total 
production consumption in 1989. The developing countries 
accounted for 22 percent of world crude oil consumption, 
with the USSR and Eastern Europe accounting for 
17 percent. 

On a product basis, gasoline demand accounted for almost 
30 percent of total product demand in the OECD and 
developing countries. The largest product category was 
middle distillates, representing 35 percent of product con-
sumption, with fuel oil and "other" products accounting for 
18 percent each.

In a study released last spring, the Canadian Energy 
Research Institute examined a reference case for the 1990s 
based on consensus views regarding economic growth rates, 
interest rates, and other economic variables, and a gradual 
expansion of OPEC production over the first half of the 
decade. 

The analysis suggested that world crude oil consumption 
would exceed 71.5 million barrels per day in 1996, with the 
OECD and developing countries accounting for 563 million 
barrels per day or 78 percent of total demand. Product 
shares would have changed slightly, with gasoline accounting 
for 31 percent of total demand and fuel oil falling to 
15 percent of total demand. 

Since the invasion of Kuwait by Iraq, CERI has developed 
an alternative scenario based on two assumptions: 

World oil prices average $23.50 per barrel (West 
Texas Intermediate) in 1990, the current crisis is 
resolved in the first half of 1991 with a subsequent 
price crash, yielding a crude price of $17.00 to 
$18.00 per barrel for 1991, and prices recover to 
the $20 to $22 per barrel range over the 1992 to 
1996 period. 

The spike in world crude oil prices is sufficient to 
tip North America into a 2-year recession. 
Economic growth in Western Europe and 
Australasia is weakened relative to earlier projec-
tions, but they avoid an economic recession on the 
strength of fiscal, economic and trade 
liberalization—in the case of Europe—and con-
tinued trade growth—in the case of Australasia. 
The developing countries experience positive but 
lower growth rates over the first half of the decade 
than were earlier forecast. 

Figure 2 (on the next page) shows the impact on world oil 
demand of this revised scenario, relative to the reference 
case. Oil demand in 1990 is virtually unchanged from 
1989 levels, compared to a projected growth rate of 
3.0 percent under the reference case. The impact on 
demand of the decline in crude prices in 1991 is partially off-
set by the slowdown in economic growth, with oil demand 
increasing by approximately 2.0 percent. 

The impact of the economic recession in North America and 
related economic slowdown elsewhere in the world, com-
bined with the return of crude oil prices to the low $20 per 
barrel level, yields crude oil demand growth below 
1.0 percent per year over the 1992 to 1996 period. Oil 
demand in 1996 is roughly 2.5 million barrels per thy below 
the reference case level, and only 5 percent, or 3.0 million 
barrels per day, above 1989 levels. Total world oil demand 
in 1996 is forecast at 68.7 million barrels per day versus 
71.5 million barrels per day under the reference case 
scenario.
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FIGURE 2 

WORLD CRUDE OIL DEMAND
1990-1996 
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SOURCE: CE 
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In the medium-term, the key uncertainty in projecting crude 
oil demand lies in the resolution of the current Middle East 
crisis. As a generalization, says Reinsch, the longer the con-
frontation is extended, the greater will be the initial negative 
impact on demand, the further and more prolonged will be 
the price decline following the resolution, and the longer will 
be the recovery in demand to 1990 levels. 

In addition, says Reinsch, crude oil and product prices are 
escalating at a time when concern over the environment is 
placing increasing pressure on policy makers to take actions 
to curb the growth in hydrocarbon consumption. It is 
feasible that governments, in response to the oil price 
decline which will likely follow the resolution of the Middle 
East crisis, may act to maintain real product prices at their 
higher levels through increased product taxes. Such action 
could spell a lengthy period of weak crude oil prices, accord-
ing to Reinsch.

fl## 

TRUE COST OF IMPORTED OIL SAID TO EXCEED 
$75 PER BARREL 

The president of the National Defense Council Foundation, 
M.R. Copulos, says that when United States military expendi-
tures are considered, the real cost of Persian Gulf oil exceeds 
$75 per barrel. Copulos says the United States is currently 
spending $12 billion per month to maintain the military 
capability to respond if oil supplies from the Gulf are 
threatened. If actual war breaks out, he says that amount 
could rise to $1 billion per day.

Recent Historical Perspective 

In September 1985, Saudi Arabia offered oil customers steep 
discounts, which precipitated a collapse of world oil prices. 
The independent oil industry in the United States, with their 
relatively high production costs, could not compete with a 
nation like Saudi Arabia where the cost of producing a bar-
rel of oil remains under $1. The results ofthe collapse, says 
Copulos, were: 

An estimated 300,000 workers lost their jobs. Lost 
wages amounted to $8306 billion annually, and 
$1661 billion in federal income taxes were thus lost 
to the federal treasury. 

- The number of independent oil companies was 
halved. 

- Bankruptcies in southwestern states like Texas, Ok-
lahoma and Louisiana reached record levels. 

In short, says Copulos, economic devastation occurred that 
was unequaled since the Great Depression of the 1930s. 

The United States is now faced with a growing import de-
pendence and its associated security threat. The cost of this 
dependence is more than evident in the presence of an 
American expeditionary force in the midst of the Arabian 
desert. 

Copulos says that under the course that is currently being fol- 
lowed, by the year 2000 the United States will have to import 
67.8 percent of its petroleum requirements at an annual cost 
of nearly $180 billion. 

The Cost of Protection 

Military expenditures to defend the Gulfs oil fields con-
stitute a large "hidden premium" not evident in the nominal 
price of imported oil, says Copulos. Even before the Iraqi 
invasion of Kuwait, the Department of Defense was spend-
ing $14.1 billion annually to maintain a military presence in 
the Persian Cult 

When military expenditures are considered in addition to the 
purchase price for Persian Gulf oil, its real cost exceeds 
$75 per barrel. Even this price, says Copulos, does not take 
into account the highest price of all: The need to risk the 
lives of the military personnel deployed to the region. 

In addition, high import levels have reduced the United 
States gross national product (GNP), increased unemploy-
ment, added to the general rate of inflation, and increased 
the size of the balance of payments deficit. 

Criteria for Viable Option 

Copulos says that while it is clear that something must be 
done about dependence on oil, determining what to do 
presents a formidable task. In order to make rational 
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choices among alternative energy sources, there must be 
some consistent set of standards by which to measure various 
options and establish their relative merits. These criteria 
should include: 

LEAD TIME—In order to merit consideration, an 
energy alternative must be capable of making a con-
tribution to reducing imports within a reasonable 
period of time. Some near-term reductions, i.e., 
within 2 years, should be possible, and a significant 
effect should be demonstrable within a decade. 

SCOPE—To be considered, an alternative should 
either be useful in a broad range of applications, or 
capable of making a large contribution toward 
reducing imports in a specific sector. 

TECHNICAL FEASIBILITY—To be considered, 
an energy alternative should be well proven, and 
make use of established technologies. 

RESOURCE CONSTRAINTS--The natural 
resources required to produce the energy alterna-
tive should be readily available. 

- ECONOMIC VIABHJTY—In order to warrant 
consideration, an alternative should be economi-
cally viable with the provision of modest incentives. 

ANCILLARY BENEFITS—Where possible, any of 
the energy alternatives selected should provide 
benefits in addition to those derived directly 
through the reduction of oil imports. 

The Department of Defense has responded to the military 
threat in the Persian Gulf with unparalleled determination 
and efficiency. Now, says Copulos, these efforts must be 
matched by Congress and the Department of Energy to ad-
dress the underlying problem from which the threat evolved 
and set a goal of reducing America's oil imports by half 
within a decade. 

"If our nation is prepared to spend billions of dollars and 
place tens of thousands of military personnel at risk to 
protect foreign oil supplies, it also should be prepared to 
implement policies that will make such deployment unneces-
sary in the future," says Copulos. 

Sn, 
REICHL, .JEFFORDS REVIVE PROPOSALS FOR 
SYNFUELS MANDATE 

In a• letter to the Secretary of Energy, E.H. Reichl has 
proposed that the government mandate the sale of non-
petroleum, alternative synthetic fuels derived from domestic 
resources.

With some 40 years or energy-related experience in govern-
ment and the private sector, Reichi says he has seen all at-
tempts by the government to establish a synfuels industry fail 
for various reasons. He says that the only method that will 
work has never been tried in the United States. 

Technologies for the production of transportation fuels from 
domestic, non-oil resources in the United States are avail-
able and some have been commercially demonstrated, says 
Reichl. However, the cost of producing such fuels, which he 
says is roughly double the cost of crude oil, has prohibited 
private industry from investing in synfuels production. In 
light of the volatility of world oil markets and the high level 
of oil imports, however, a move toward synthetic fuels seems 
justified. 

Reich] asks, "How can production of synthetics be changed 
from an uneconomic, noncompetitive enterprise to a 
necessity?" He answers, "Quite simply when it becomes the 
law." 

The government should not become involved in the synfuel 
business, he warns, but should issue a mandate forcing the 
private sector to do so. Such a mandate might require that a 
minimum of 5 percent of domestic, non-oil based liquids be 
contained in the total volume of all liquid fuels sold. 

No government funds would be required and private in-
dustry could recover their costs in the price of their fuel. 
Thus, the burden would be borne equally by all consumers. 

In addition, the government would not be involved in select-
big the type of resource or process used, the size and loca-
tion of facilities, or any other issues. "The free market is in-
finitely better equipped to answer these questions," says 
Reichl. A mandate would establish a separate market where 
synfuels would not be in competition with crude oil but in 
competition with other synfuels. 

On another front, Senator Jeffords from Vermont recently 
introduced a bill that would require petroleum refiners to 
use a certain percentage of alternative or other domestic fuel 
sources in their gasoline formulas. The bill sets targets of 
10 percent replacement fuel by 1998 and 30 percent by 2005. 

Jefford's bill establishes a system of credits which would al-
low refiners to average the requirement across their annual 
totals. The credit program would also extend to include dis-
tributors of fuels that are not mixed with gasoline, such as 
compressed natural gas, propane, and electricity. 

The reason that synthetic fuels programs have not expanded 
is not for reasons of technology, he says, but because of cost. 
Without either a guaranteed price or an assured demand, in-
dustry is unwilling to make the necessary investments to 
develop domestic resources. Jeffords says his bill would man-
date such a demand. 

In addition, the new bill is consistent with the alternative 
fuels provisions of the Clean Air Act Amendments of 1990, 
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which the Environmental Protection Agency estimates will 
stimulate development of the equivalent of 800,000 to 
1.5 million barrels per day of alternative fuel products.

development of alternative synthetic fuels has been cost. A 
government mandate to produce these fuels would break 
down the cost barriers and eventually lead to more economic 
production of domestic fuels. 

Such a replacement fuels program would have the dual 
benefit of promoting energy security and enhancing environ-
mental protection. To date the biggest barrier to widespread

	 fl## 
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TECHNOLOGY 

PROCESS FOR FUEL GAS FROM WASTES TO BE 
TESTED 

Under a research grant from the United States Department 
of Energy's Office of Industrial Technologies, a half ton per 
day pilot plant for producing medium-BTU gas from dilute 
aqueous wastes will be built by OnsiteOfsite Inc. of 
Pasadena, California. OnsiteOfsite, the process licensee, is 
building the pilot plant for the process developer, Battelle 
Pacific Northwest Laboratories of Richland, Washington. 

The process is designed for slurries which have organic con-
tents below 20 percent and, therefore, do not burn or 
degrade easily. Aqueous waste is fed over a proprietary 
transition-metal catalyst at 350 to 4000C and 2,000 to 
4,000 psi. This prevents water evaporation and saves energy. 
The resulting product gas is 50 to 70 percent methane, 
2 percent hydrogen, and the remainder is carbon dioxide 
(CO y). Membranes can then be used to separate the CO2, 
leaving a high-quality fuel gas. 

Battelle has reported testing the process at a scale of 1.5 to 
2.5 liters per hour in a continuous, tubular reactor. Accord-
ing to the project manager, Battelle achieved a 99.99 percent 
cleanup of aqueous solutions of cresol, phenolics, some or-
ganic solvents and cheese whey, as well as about 88 percent 
of spent brewery grain. 

NATIONAL RESEARCH COUNCIL SAYS MINING 
INDUSTRY LOSING TECHNOLOGY BASE 

The ability of the United States mining industry to compete 
well in world markets could be jeopardized unless it places a 
higher priority on research and development and works effec-
tively with government and universities, warns a new report 
by a National Research Council committee. 

Mining, an $8.7 billion industry employing 500,000 workers, 
grew steadily until the 1970s when the Vietnam War ended 
and the economic shock of the oil crisis brought a sharp 
decrease in the demand for minerals and metals. Conserva-
tion and aluminum recycling increased, and other materials 
became substitutes for metals. Now, after more than a 
decade of economic uncertainty, the domestic mining in-
dustry is surviving with a scaled-back workforce and slimmer 
budgets, says the report. 

Through funding cutbacks, a loss of boldness in the research 
and development (R&D) sponsored or performed by govern-
ment laboratories, and a lack of cooperation among the 
various sectors of the minerals and metals community, tech-
nology development for the domestic industry has all but

dried up, the committee says. This does not bode well for a 
synthetic fuels industry in which mining is the first step. 

The committee called for improvements in the industry's 
technology base by increasing the amount and quality of 
research and development. In addition, it recommended 
quicker transfer of technology to industrial applications. 

The report looks at economic and technological trends in the 
aluminum, steel, copper, lead and zinc industries. The com-
mittee says that what is needed is a government-industry-
university effort, spearheaded by the United States Depart-
ment of Interior's Bureau of Mines, "that will produce a 
coherent national program of mining and minerals R&D." 

During the 1980s, mining companies slashed employment by 
half to survive. Also during that era, R&D expenditures 
declined from $133.5 million in 1980 to $22.5 million in 1988, 
the report says. In the past few years, however, a surge in 
demand for metals that accompanied the general economic 
upswing of the late 1980s, has begun to revive the industry—
particularly copper and lead mining. Even with the recent 
rebound, research and development still gets little attention, 
the report notes. 

Research funding should be targeted toward such areas as 
geo-sensing, the committee recommended. Highly sophisti-
cated technology that predicts variation in ore, senses .the 
proximity of faults, and obtains on-site measurements of 
grade variations would help guide mining operations. Such 
technology is essential for the development of intelligent min-
ing systems that employ state-of-the-art computer equip-
ment. New developments in robotics and automation should 
be sought, the committee said, to take over dangerous opera-
tions. Priority also should be given to developing non-
explosive techniques for rock extraction. 

Because communications "between academic researchers 
and engineers who deal with industrial problems has been 
poor," the committee recommended that government-
industry-academic collaborations be undertaken to improve 
the focus on creating technologies that reduce waste, mini-
mize the impact of mining on the environment, clean up con-
taminated waste sites, and achieve a greater level of safety 
for workers. 

The committee also recommended that efforts be under-
taken to attract more students into the field of mining en-
gineering. Of the 20 programs that remain, several are in 
jeopardy because of low enrollments and dwindling financial 
support. 

In addition, the committee said the mining industry should 
consider collaborating with universities and other research 
organizations to engage in research too complex, high risk or 
expensive for individual companies to pursue alone. It also 
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suggested that industry interact more closely with the six 
university-based Generic Mineral Technology Centers, estab-
lished by the Bureau of Mines. 

ALTERNATIVE FUELS RESEARCH NOTED AT 
CANADIAN CHEMICAL CONFERENCE 

At the 1990 Canadian Chemical Conference, held last sum-
mer at Dalhousie University in Halifax, Nova Scotia, 
Canada, some research papers were noted which cut across 
several lines of interest. 

Peat/Water/Fuel Mixture 

At the Technical University of Nova Scotia, the theological 
and calorific properties of peat/water/No. 4 fuel oil were in-
vestigated to determine suitability as a low cost fuel for com-
bustion in conventional oil fired boilers. Peat/water/oil 
slurry of suitable theological characteristics and calorific 
properties can be prepared using a 40 percent loading of 
peat (-60 mesh) with 40 to 45 percent water content in the 
presence of 1 percent Cab-O-Sil PIG as a stabilizing agent. 
Such a slurry has a calorific value about 80 percent of and a 
flow rate about 12 times the values for fuel oil. An 
economic feasibility study indicates the fuel can be economic 
at current oil prices. 

High Shear Jet Reactor 

Research carried out at the University of Sherbrooke, 
Quebec, Canada, concerns the application of jet reactor tech-
nology to pretreatment and subsequent hydrotreating of 
heavy oils. Pretreatment involves destructuring of the heavy 
oils by rapid passage through an appropriately designed 
nozzle in the presence of a non-interacting gas (N, was used 
in the experiments reported, but steam or light hydrocarbons 
could also be used). The treatments at temperatures be-
tween 400 and 4500C induce mainly disaggregation of the 
macrostructures present in heavy oils without appreciable 
coke and gas formations. A significant decrease in the vis-
cosity of the oil is observed. Further rapid hydrotreating 
(thermal or catalytic) of the pretreated heavy oil is then con-
ducted in the jet reactor at temperatures higher than 4400C 
and lower than 4700C.

Treatment of Pitch In Argon/Hydrogen Plasma 

At McGill University, Montreal, Quebec, Canada, vacuum 
distilled residue from the CANMET hydrocracking process 
was treated in a semi-batch (stationary particle exposed to 
continuous flow of gas) reactor in argon/hydrogen plasmas. 
The production of light, unsaturated hydrocarbons was op-
timized as a function of the average plasma temperature, 
composition, and residence time. The temperature was 
varied from 2,190 to 4,450°K, the hydrogen content was 0 
and 33 percent and the gas residence time was between 036 
and 0.52 milliseconds. In pure argon plasma, the conversion 
to acetylene was about 14 percent and this did not vary ap-
preciably with temperature; other hydrocarbons were 
detected only in trace quantities. In argon/hydrogen plas-
mas the maximum combined conversion to acetylene and 
ethylene (24 percent) was attained between 2,900 and 
3,400°K. Large quantities of soot were produced but no liq-
uid hydrocarbons were detected. Sulfur was fixed in the un-
converted residue by the reduction of calcium sulfate to cal-
cium sulfide; only trace amounts of hydrogen sulfide were 
produced. 

Catalytic Cracking of Coprocessing Distillate and Shale Oil 

In the Energy Research Laboratories of CANMET, Ottawa, 
Ontario, two nonconventional vacuum gas oils (VGO) featur-
ing high nitrogen concentrations were obtained by vacuum 
distillation of a coprocessing product and a shale oil, respec-
tively. Analyses showed that the coprocessing VGO was 
more aromatic whereas the shale VGO contained more 
polar components. The two VGOs were cracked in a 
microactivity test (MAT) unit over three commercial 
catalysts containing REY or USY zeolites at different tem-
peratures and catalyst/oil ratios. Similar to most products 
from primary upgrading processes, the two VGOs showed 
comparatively poor cracking results in terms of conversion 
and gasoline selectivity. This was attributed to both nitrogen 
poisoning of catalysts during cracking of the two gas oils and 
relatively high polynuclear aromatic (PNA) content of the 
coprocessing VGO. Significant improvement in MAT 
results was observed when nitrogen and PNA compounds 
were partially removed from the VGOs by solvent extraction 
and clay absorption methods. The treated VGOs can be con-
sidered as potential cat cracker feedstocks. Additive coke 
resulting from the basic nitrogen and the Conradson carbon 
residue in the gas oils was found to be dependent on test tem-
perature only.
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INTERNATIONAL 

NEW CSIRO DIVISION OF COAL AND ENERGY 
TECHNOLOGY MAPS our RESEARCH PROGRAM 

Recent reorganizations at Australia's Commonwealth Scien-
tific and Industrial Research Organization (CSIRO) resulted 
in the formation of a new Division of Coal and Energy Tech-
nology. The new Division brings together a team of ex-
perienced scientists and engineers from the coal, alternative 
fuels and environment areas to provide a focus for CSIRO's 
coal and energy research. 

Research in the new Division will target three main areas. 

The first area is the coal industry. Coal is Australia's major 
energy resource and currently brings in more than $5 billion 
per year in export income. Over the next 10 years coal ex-
ports are expected to increase further. 

While Australia has large reserves of coal, oil reserves are 
more limited. By the year 2000 local oil production may 
supply only 30 percent of the country's needs. The second 
area of the Division's research is therefore more strategic, 
aimed at investigating how alternative fuel sources (including 
natural gas, oil shale and coal) can provide Australia with an 
adequate and economic supply of liquid fuels. 

The third area of research is the environment. There has 
been an upsurge in community and political awareness of 
environmental issues related to coal and other energy 
sources: acid rain, the greenhouse effect, dust, water and 
atmospheric pollution, waste disposal and sustainable 
development are all debated regularly. The Division feels 
that environmental concern could be a major restraint on fu-
ture expansion and development in sectors of the energy in-
dustry. 

The Division operates through five research programs, each 
of which is seen as sewing an identifiable community or in-
dustry stakeholder 

- Coal Marketing Support and New Products 
- Coal Preparation 
- Coal Utilization 
- Liquid and Gaseous Fuels 
- Environment Protection 

Coal Marketing Support and New Products 

The variability of coals and their complex and heterogeneous 
nature affect how they will behave during preparation, com-
bustion, in carbonization technologies and in the manufac-
ture of carbon products. This research program uses chemi-
cal, geochemical, microscopic and spectroscopic techniques

to characterize coals and is able to provide detailed specifica-
tions for commercial transactions. The aim is to develop 
new and improved test procedures and instruments, establish 
coal information systems and coal value models and, by in-
creasing the fundamental understanding of the relationship 
between coal characteristics and coal performance, develop 
high value products from coal. 

Coal Preparation 

Improved technologies for coal preparation and cleaner 
coals are needed for markets that impose increasingly strict 
specifications on product coals. Limits on greenhouse and 
other environmental emissions and the associated introduc-
tion of advanced power generation technologies will rein-
force this trend. This program covers characterization, 
liberation, benefaction, dewatering, size enlargement, 
automation/control, and the storage and transport of coal 
products. 

Coal Utilization 

A major aim of this program is to improve the efficiency and 
economy of coal combustion for power generation, while 
reducing the environmental impact. The program will also 
develop new cokes and new forms of anode carbons for 
metallurgical processes, determine the utilization characteris-
tics of briquetted coals and investigate novel methods for the 
manufacture of high value products such as carbon fibers, 
special organic chemicals and flyash derived materials. 

Liquid and Gaseous Fuels 

By the year 2000 Australia may have a serious shortfall in oil 
supplies. In the longer term alternative liquid and gaseous 
fuels will be required. A major part of this program is aimed 
at increasing the use of natural gas both by researching con-
version technologies and by improving the storage capacity 
of compressed natural gas cylinders currently used in 
transport vehicles. Oil shale is a second alternative and 
other projects aim to optimize the conversion and upgrading 
processes required to produce shale-derived fuels. 

Environment Protection 

This research program uses advanced chemical analyses, 
field studies and mathematical modeling to quantify the en-
vironmental impact of industry and help evaluate the 
economic and technical cost of any control measures. 

##fl 
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COMING EVENTS 

1991 

JANUARY 20, SANTA BARBARA, CALIFORNIA - Environmental and Economic Impacts of Coal Utilization. 

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

JANUARY 22-24, HOUSTON, TEXAS - Gas Technology Symposium. 

FEBRUARY 17-21, CARACAS, VENEZUELA - S ymposium on the Future of Heavy Oil & Tar Sands. 

MARCH 7-8, DORTMUND, FEDERAL REPUBLIC OF GERMANY - Coal Gasification 1991. 

MARCH 11-13, PITTSBURGH, PENNSYLVANIA - Ener gy in the 90s Conference. 

MARCH 20-21, SHEFFIELD, UNITED KINGDOM - Strate gies 121 Reducing Sulfur Emissions. 

APRIL 3-5, LONDON, UNITED KINGDOM - International Conference on Coal in the Environment. 

APRIL 7-11, HOUSTON, TEXAS - American Institute of Chemical Engineers Sorin Meeting. 

APRIL 9-12, FIRENZE, ITALY - International Symoosium on Alcohol 

APRIL 14-19, ATLANTA, GEORGIA - 201st American Chemical Societ y National Meeting. 

APRIL 16-19, SCOflSDALE, ARIZONA - Council on Alternate Fuels. 

APRIL 2225, CLEAR WATER, FLORIDA - 16th International Conference on Coal and Slum Technologies. 

APRIL 23-24, GOLDEN, COLORADO - 24th Oil Shale Symposium. 

MAY 21-22, BILLINGS, MONTANA - Sixteenth Biennial Low-Rank Fuels Symposium. 

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

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

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

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

AUGUST 25-28, ESPOO, FINLAND - 1991 International Symposium 2n Energy and the Environment. 

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

SEPTEMBER 16-20, NEWCASTLE-UPON-TYNE, UNITED KINGDOM - International Conference on Q?J Science. 

SEPTEMBER 24, SAN JUAN, PUERTO RICO - Energy j Energy for the Americas. 

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

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

CONGRESS VOTES FLEXIBILITY FOR UNOCAL 

The budget deficit package passed by Congress includes a 
provision that will allow Unocal some flexibility in operating 
its Parachute Creek oil shale facility in northwestern 
Colorado. The new provision will allow the United States 
Treasury Department to modify the government's contract 
with Unocal. 

The Parachute Creek facility is operating at only about 
50 percent of its design capacity of 10,000 barrels per day. 
However, the budget reconciliation act of 1985 prohibited 
use of the facility by other companies even when Unocal is 
not in a production mode. Allowing other companies to use 
the facility would give Unocal extra revenue and some finan-
cial flexibility. For instance, it has been suggested that Uno-
cal could become involved in production of asphalt from 
shale oil for other parties.

nfl 

LLNL ATTRACTING INDUSTRIAL SPONSORS FOR 
RETORTING PILOT PLANT 

Lawrence Livermore National Laboratory (LLNL) has been 
soliciting industrial sponsors for the development of its 
retorting process. LLNL says it is in serious negotiations 
with several companies, including Amoco, Chevron/Conoco, 
Exxon, Mobil and Unocal. 

The fiscal 1991 budget for LLNL's oil shale operations is 
$3.5 million, up from $3.0 million last year. Industrial con-
tributions would presumably add to LLNL's capability to 
make retorting runs with the new 4 ton per day pilot plant 
just started up this year. However, the big reason for 
LLNL's solicitation of industry support is to build a coalition 
for their proposed 100 ton per day scale-up pilot plant. 

The first two hot runs with oil shale (Al'-24) in the 4 ton per 
day unit were completed in November. An additional run 
was scheduled for mid-December. The first two runs were 
about 2 hours in length, and were carried out with full-size 
shale particles. The plant ran fairly well, according to 
reports. Some problems were experienced with the control 
algorithms and the liquid collection system, but these 
problems are expected to be solved. 

Although combustion of spent shale was achieved, the larger 
particles were incompletely burned in the interior of the par-
ticles. It is not clear whether this would be a constraint.

The overall design and operation of the LLNL retorting sys-
tem were described in the Pace Synthetic Fuels Report, 
September 1990, page 2-3. 

In the pilot plant, shale first enters a fluidized-bed mixer 
where it mixes with hot combusted shale. It then enters a 
20 centimeter diameter by 125 centimeter high packed-bed 
pyrolyzer with circumferential gas removal (Figure 1, on the 
next page). Because radial vapor removal is used, conditions 
of solid residence time and gas-solid contact time are ac-
complished in the 4 ton per day pyrolyzer which directly 
apply to any scale. A residence time of 3 minutes is provided 
at a recycled to raw shale ratio of 3 to 1. Shorter residence 
times are achieved by simply maintaining a lower bed level. 

Combustion Components 

Combustion kinetics in solid-recycle systems are poorly un-
derstood due to the complexity of the process. 

LLNL is studying combustion during pneumatic transport 
using a 5.4-centimeter diameter lift-pipe system. Complete 
combustion of the largest particles is not expected to occur 
in one pass through the combustion system. However, fines 
are preferentially discharged and the largest particles are 
recycled, providing large particles with multiple passes 
through the system to complete combustion. 

Following the lift-pipe, the solid tumbles through a delayed-
fall combustor consisting of a series of rods to free their fall. 
Air is blown either co- or counter-current to the solid. The 
delayed-fall combustor (Figure 2, on the next page) was 
designed with a 5-second solid residence time and enough air 
to bring the solid to the desired recycle temperature. Eased 
on mathematical modeling, co-current air injection appears 
more efficient, due to a longer retention time for fine shale. 

After the delayed-fall combustor, the solid falls into a fluid-
bed classifier where the level is maintained to provide a pres-
sure block between the combustion and pyrolysis atmos-
pheres. 

Retort Operations 

Two L-valves are used for solids flow control, one below the 
packed-bed pyrolyzer and the second below the fluid-bed 
classifier. Each valve, shown schematically in Figure 3 (on 
page 2-3), contains a skid to interrupt the solid flow. The 
skid is equipped with a continuous and pulsed gas supply. 
The continuous flow of gas keeps jets located horizontally 
along the skid clear. The pulsed gas is controlled via a 
solenoid valve which is opened approximately once per 
second. When the solenoid opens, the combined gas flow 
forces a quantity of solids off the skid and through the valve. 
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FIGURE 1 

SCHEMATIC OF
PACKED—BED PYROLYZER 
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Approximately 250 to 300 grains of solids are moved for each 
100 millisecond gas pulse. Thus to obtain the design solid 
now rate of 7.5 to 10 kilograms per minute (7.5 kilograms 
per minute of recycled shale and 2.5 kilograms per minute of 
raw shale) the L-valve is operated at 30 to 40 cycles per 
minute.

FIGURE 2 

SCHEMATIC OF
DELAYED—FALL COMBUSTOR 
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The L-valve solid flows are controlled based on monitoring a 
sensor (a gamma source and detector) which continuously 
measures the solid level in the moving packed-bed pyrolyzer. 

3M,, 

SOUTHERN PACIFIC PETROLEUM TO COMPLETE 
STUART ENGINEERING BY YEAR-END 

Southern Pacific Petroleum N.L. (SPP) and its associate 
Central Pacific Minerals N.L. (CPM) note in their most 
recent Quarterly Report that they have engaged two en-
gineering firms to make independent, detailed studies of the 
Stuart Shale Oil Project. The purpose of the studies is to 
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FIGURE 3 
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provide potential financial backers with verifiable informa-
tion on which to base technical judgment of the project. 

In their efforts to finalize the design for the Stuart project 
and obtain financing to begin construction, SPP/CPM found 
that the project lacked a comparative operation. The shale 
oil operations that exist in the United States are not relevant 
to the Stuart project. There are no economic data available 
for comparison purposes on the oil shale plants in Estonia, 
USSR. 

The technology selected for the Stuart project has been ex-
tensively tested at pilot plant scale, but there is no commer-
cial precedent. In the absence of relevant existing projects to 
use for comparison, SPP/CPM determined it was necessary 
to obtain verification of design and operability in order to 
obtain financing. 

The two engineering firms are conducting an unusually 
thorough review of the project's design and cost. They were 
also asked to submit a proposal which would include con-
struction of the plant at a fixed cost and responsibility for 
plant performance, thereby providing credibility and risk in-
surance for the project. 

During the course of this verification process, a number of 
refinements and design alternatives were suggested and have 
been incorporated into the project for improved economic 
plant operation. Both engineering firms plan to complete 
their principal evaluation of the accuracy and adequacy of 
the project engineering by the end of the year. This will be 
the basis for obtaining financing for Stage 1 of the project.

Stage 1 is the initial part of the Stuart project. Further plans 
can for expanding the plant to a capacity of 66,000 barrels 
per calendar day.

tin

FUNDS VOTED FOR MIS DEMONSTRATION PROJECT 

Congress has appropriated $8 million in fiscal year 1991 for 
an oil shale demonstration project in the Piceance Basin in 
northwestern Colorado. Occidental Oil Shale Inc. will 
operate and finance 50 percent of the $200 million project 
over a 10-year period. The federal government will fund 
40 percent of the project's cost with the remaining 10 percent 
provided by state and local governments. The $8 million ap- 
propriation will allow construction of the project to begin in 
1991. 

The project is a 1,200 barrel per day demonstration of the 
modified in situ (MIS) retorting process. Occidental will 
build the project at the federal C-b lease site near Meeker, 
Colorado. Estimates indicate that there are more than 
4.5 billion barrels of recoverable oil at the site. 

Following the completion of an environmental impact state-
ment, the project will move into a 3-year construction phase, 
which at its peak will employ 700 people. During the follow- 
ing 7 years of operation, the plant will employ 300 people. 

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

The demonstration project will develop and refine the tech-
nology for accessing and retorting oil shale underground. 
The entire region will benefit from advancing this technology 
because much of the oil shale is 1,000 feet or more under-
ground. 

Included in the project are plans for a 33 megawatt oil shale 
fired power plant to be built at the C-b oil shale tract. Such 
a power plant would be the largest of its kind in the world. 
A significant amount of oil shale has to be mined to make 
room for the underground retort. This raw oil shale will be 
crushed and burned using the circulating fluidized bed tech-
nology. Occidental plans to sell 25 of the 33 megawatts to 
Public Service Company of Colorado. 

nit 
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CORPORATIONS 

TEXAS FIRM BUYS WESTERN SLOPE REFINING 

Landmark Petroleum Inc. of Houston, Texas has purchased 
the refining facilities at the Western Slope Refining Com-
pany in Fruita, Colorado from Gary Williams Company of 
Denver, Colorado. 

The two companies announced the purchase in a joint state-
ment last month, but did not disclose details of the transac-
tion. 

According to Landmark's vice president for administrative 
services, P. Cravey, the company plans to have the refinery in 
operation early next year and will soon be buying supplies 
and equipment and hiring workers. 

The refinery's operating rights granted by the county in 1962 
will remain in effect, but the Mesa County Commissioners 
plan to review the agreements to be sure that the refinery is 
in compliance with land use permits. 

Western Slope Refining is the closest refinery to Unocal 
Corporation's shale oil plant located in Parachute, Colorado, 
and was long planned to be the primary outlet for shale oil. 
The refinery makes leaded and unleaded gasoline, diesel 
fuel, kerosene, propane, butane, jet fuel and calcined coke. 
But the plant has been buffeted by the ups and downs of the 
region's economy and could not operate at a profit according 
to the Gary-Williams Company. 

The refinery was shut down once before, when it entered 
bankruptcy after the oil shale bust in the early 1980s. 
Landmark Petroleum said the company expects to employ 
about 120 workers when it is again fully operational. 

#0#t 

OIL SHALE PIONEER FRED HARTLEY DIES 

The former president, chairman and chief executive officer 
of Unocal Corporation, Fred L. Hartley, is dead at the age 
of 73. 

Mr. Hartley joined Unocal in 1939 shortly after obtaining a 
degree in chemical engineering from the University of 
British Columbia. In 1953, he launched a program to sell 
and license Unocal technology to other companies. He was 
promoted to vice president for research in 1956 and then to 
senior vice president in 1960. He became the president and 
chief executive officer of Unocàl in 1964 and in 1974 was 
named chairman of the board.

One of Hartley's early successes came from the worldwide 
licensing of Unocal's patented hydrocracking technology, 
Unicracking. This technology converts heavy sulfur-laden 
crude oil components into clean high-grade transportation 
fuels. 

Hartley is credited with making Unocal a world leader in the 
development of two alternative energy resources, oil shale 
and geothermal power. 

In the early 1980s, Hartley led the effort to build Unocal's oil 
shale project at Parachute, Colorado, the first commercial 
scale oil shale plant in the United States. Since 1986, 
Unocal's $700 million plant has been producing high-quality 
synthetic crude oil. 

After 25 years of pioneering efforts, Unocal is the world's 
largest producer of geothermal power, generating 24 million 
kilowatt-hours of electricity per day. 

Hartley retired from Unocal in 1988 but remained chairman 
of the board until 1989, completing 50 years of service. In 
1989, he was named chairman emeritus and continued to 
save on the board until his death. 

RAMEX PROCESS TO BE TESTED AT IGT 

Raniex SynFuels International Inc. plans to contract with the 
Institute of Gas Technology (TGT) for controlled tesking of 
its in situ process for extracting gas from oil shale. 

The company's field tests of the process in wells in Indiana 
have been thwarted by ground water incursion problems. 
Ramex says that ground water can be easily dealt with in a 
commercial scale application of the process, but at the 
research level of application, to do so is cost prohibitive. 
The company considered changing locations but determined 
that the concomitant change in the composition of the oil 
shale would be counter productive to ongoing and previous 
research efforts. 

To date, company officials say they have proven that the 
Ramex process can produce synthetic natural gas by drilling 
a hole into the shale and inserting a heater which raises the 
temperature to over 1,00001 7. The patented process includes 
a heater, surface equipment and controls to control the 
heater temperature and monitor the temperature of the 
shale as it is being heated. 

However, the questions that still need to be answered before 
the Ramoc process can be commercialized are: 
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- 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 ant 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 the gas? 

Once these questions are answered, then the company will 
be able to calculate the actual cost per unit of gas produced. 
The company says it is the economic viability of the process 
which remains unproven, rather than the technical feasibility. 

In September, Rama officials met with representatives from 
IGT. They requested lOT to duplicate the downhole condi-
tions in a laboratory setting to answer these questions. 
Laboratory simulation will allow the effects of higher and 
lower temperatures to be studied to determine the correct 
temperature necessary to achieve the best reaction and to 
maintain the thermal front moving in the most economic 
manner. The volume of gas produced, its composition, and 
the ultimate economics of the process can be determined 
and perfected much more quickly in a laboratory than in the 
field. 

Once this is accomplished, Ramex plans to commercialize 
the process either through joint ventures with private in-
dustry or through government funding.

Central to the Ramex process is its patented heater—a single-
ended, recuperative, radiant tube combustion system. 
Rama says the heater is 40 to 50 percent more efficient in 
terms of fuel consumption than most similar industrial units. 
The design allows the combustion air to pass through the 
unit, preheating it with recirculated exhaust gas, and thus 
reducing the amount of fuel needed to heat the air. 

In previous process demonstrations, Rama has produced 
medium to high BTU gas with hydrogen as the major com-
ponent.

Sn' 

MARATHON JOINS FORCES 
WITH 

NEW PARAHO 

The New Paraho Corporation and Marathon Oil Company 
have announced that they will be working together on the 
evaluation of SOMAT (Shale Oil Modified Asphalt Technol-
ogy) for highway construction. SOMAT is an asphalt binder 
that Paraho produces from shale oil. 

Paraho has constructed eight test strips in Colorado, Wyom-
ing and Utah, including an extension of the Meeker Airport 
runway. Together the companies are considering an ex-
panded highway test program for 1991. These road test 
strips would encompass additional climate conditions where 
SOMAT properties may prove to be particularly beneficial. 

'Sn 
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ECONOMICS 

Ofl' PREDICTS SHALE OIL COST OF $30 to $35 

Occidental Oil Shale Company is now predicting that the 
cost to produce oil at its test plant in northwestern Colorado 
will be about $30 to $35 per barrel. Oxy president, 
R. Zahradnik, noted the vast difference in this estimate from 
the original estimated cost of $60 to $65 per barrel. 

Zahradnlk made these remarks before some 200 participants 
at a meeting on energy initiatives held this fall in Grand Junc-
tion, Colorado.

According to Zahradnlk, the project has received more than 
$2 million in new funding, including $740,000 from the 
United States Department of Energy. He said the project, 
located in the Piceance Basin, is nearing the end of the 
design phase. 

The Oxy project is not expected to produce short-term 
benefits in terms of energy security, even though the project 
was conceived long before the current energy crisis in the 
Middle East. 
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TECHNOLOGY 

BLASTING AGENTS DEVELOPED FOR USE IN GASSY 
OIL SHALE MINES 

The United States Bureau of Mines (USBM) has been con-
tinuing its work on defining and mitigating the hazards of 
mining oil shale in areas where significant concentrations of 
methane are present in the mining interval. A paper 
presented at the 23rd Oil Shale Symposium by E.S. Weiss, 
E.M. Bazala and MJ. Sapko of the USBM Pittsburgh 
Research Center summarizes the work to date in developing 
explosives which will not ignite methane/air atmospheres 
which might be present in a mine. The Colorado Mining As-
sociation, the Mine Safety and Health Administration 
(MSHA), and the IJSBM have been working together to 
develop safer blasting agents and procedures. This research 
has also had the support of the Department of Energy, 
various explosives manufacturers, and the oil shale mining 
industry. 

Background 

Methane gas is frequently encountered in oil shale forma-
tions, particularly in areas where the gas has not been 
liberated through outcrops. Two deep oil shale mine 
projects experienced secondary gas ignitions during blasting 
operations which ignited fifes in the rubble piles. These 
were the White River Shale Oil Project in Utah and the 
Horse Draw Mine in Colorado. Fortunately, these incidents 
did not result in injury or loss of life but did require flooding 
of the blast area to quench the fifes. 

Extensive laboratory and experimental mine and gallery tests 
have been conducted to determine minimum aplosible oil 
shale dust concentrations, with and without added methane, 
and to evaluate the performance of various inhibitors for 
their ability to prevent flame propagation. Results from 
these tests indicated that underground blasting operations 
could initiate secondary explosions involving methane 
and/or oil shale dust generated during the fragmentation 
process. These secondary explosions could, in turn, initiate 
propagating dust explosions in the main entries of the mine 
if sufficient dust of the right grade and size distribution were 
present. Full-scale face blasts were then monitored in 
several western United States oil shale mines to measure 
dust and flame generation and methane release rates. Sur-
veys of the dust generated and deposited on the entry floors 
during oil shale mining operations indicate that the average 
dust loading in the entries is an order of magnitude too low 
to propagate an explosion over significant distances. 
Nevertheless, the possibility of local explosions in the higher 
dust concentrations which were observed near the face 
during the blast has to be considered. Such explosions are 
not uncommon in sulfide ore mines. Data gathered from 
tests at two USBM facilities at the Bruceton Experimental 
Mine (REM) and the Lake Lynn Surface Gallery (LLSG), as

well as laboratory tests, have shown that the presence of 
methane, even in small amounts (well below the 5 percent 
lower explosive limit), can significantly reduce the lean limit 
dust concentration necessary to produce an ignition. 

The USBM's research will have a direct impact on regulatory 
standards for blasting under gassy mine conditions. MSHA 
needs the results of this research program to finalize and 
promulgate blasting regulations for Category I-A oil shale 
mines. 

Explosives Tested 

Tree types of emulsion formulations containing various 
oxidizers and different oxygen balances were tested in BEM 
and LLSG tests. One contained an ammonium nitrate (AN) 
and sodium nitrate (SN) mixture in the base emulsion; the 
second contained a mixture of AN and calcium nitrate (CN); 
and the third consisted only of AN. All of the emulsions 
were mixed with conventional ANFO, which is composed of 
94 percent AN prills and 6 percent fuel oil (FO), to adjust 
the oxygen balance. A permissible explosive, Atlas SW, was 
chosen as a reference material. Relative incendivity com-
parisons concerned preventing the ignition of predispersed 
flammable concentrations of oil shale and coal dust. 

Bruceton Experimental Mine Tests 

Tests were conducted in the Bruceton Experimental Mine 
to determine the relative incendivity of various blasting 
agents in igniting fine-size oil shale dust clouds, natural gas, 
and oil shale/gas mixtures. 

The REM tests have shown that an Explosives Technology 
International (Eli) emulsion/ANFO blend is significantly 
less incendive than ANFO and at least one permissible ex-
plosive. Relatively small amounts of ANFO (a 400 gram 
charge) will readily ignite oil shale dust clouds. However, all 
attempts to ignite oil shale dust clouds have failed when 
using a full cannon charge of 1,800 grams emulsion/ANFO 
blend even in the presence of 2.5 to 4.0 percent added 
natural gas. 

A second series of tests conducted in the BEM determined 
the effectiveness of various stemming materials in preventing 
the explosives' hot detonation gases from igniting a 
stoichiometric mixture of methane-in-air (83 percent). The 
plain water pack inhibitor was by far the most effective stem-
ming material tested in the BEM. Additional REM tests 
with gelled water chubs have shown that this stemming in-
hibitor is comparable, on a mass basis, to ordinary water 
packs. However, due to its ease of handling (also its poten-
tial for pneumatical loading) and its superior performance 
on a borehole length basis (due to its increased density over 
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plain water), gelled water was demonstrated in BEM tests to 
be a preferred stemming material. 

Lake Lynn Surface Gallery Tests 

Incendivity tests were recently conducted at the Lake Lynn 
Surface Gallery (LLSG) to determine preferred 
explosive/stemming combinations that will reduce the proba-
bility of secondary ignitions during blasting operations under 
gassy mine conditions. The LLSG consists of a 6.7 meter 
long by 2.4 meter diameter horizontal cylinder open at both 
ends. A 1.5 meter long steel cannon (5.7 centimeter bore 
diameter) is mounted inside new one end and discharges 
towards the geometric center. The 10 percent methane-in-
air test mixture is contained between two plastic diaphragms 
secured at both ends. Experiments in the LLSG have shown 
that a 500 grain charge of standard ANFO (6 percent FO) 
detonated unstemmed will readily ignite flammable con-
centrations of methane gas and/or fine oil shale dust. To 
reduce this incendivity level, tests have been conducted with 
various ANFO formulations. A 500 gram charge of standard 
ANFO requires 350 grams of a tamped, gelled water stem-
ming material to prevent the hot combustion products from 
igniting the surrounding gas mixture. When the FO content 
of the ANFO was increased to 8 percent, an increased 
amount of gelled water stemming (400 grams total) was re-
quired to prevent the gas ignition (Fable 1). 

TABLE 1 

REQUIRED GELLED WATER STEMMING 
TO SUPPRESS METHANE-AIR IGNITIONS 

Explosive Inert Stemming Weight ( 
Product Ignition Non-lanition 

Blend (A) 400 450 
Blend (B) 60 140 
Blend (C) 100 150 
Blend (D) 50 100 
Trimrite(F) 0 <50 
Blend (G) 250 350 
Blend (H) 100 150 
Blend (1) 100 150 
ANFO 96/4 200 250 
ANFO9S/5 300 350 
ANFO 94/6 300 350 
ANFO 94/8 350 400

In Table 1, formulations A through F are from El'! and 
G through I are from Atlas Powder Company. 

These pumpable blends consist of 80 percent emulsion and 
20 percent ANFO. The less incendive blends, as determined

from the LLSG tests, are essentially oxygen-balanced and 
substitute AN with either SN or CN in the emulsion portion 
of the blend. As can be seen in Table 1, the blends which 
contain AN (blends A and G) in the base emulsion are more 
incendive than those which contain CN (blends H and!) or 
SN (blends B, C, and D); and, thereby, require more inert 
stemming to prevent ignition of the methane zone under the 
LLSG test conditions. A 500 gram charge of these less incen-
dive blends required only 100 to 150 grams of tamped gelled 
water stemming to prevent the ignition of a 10 percent 
methane-in-air zone compared to 350 grams for the standard 
ANFO. 

Field Tests at Oil Shale Mines 

During the next phase of the explosive studies, full-scale 
validation tests (single and multiple hole, full-face blasts) 
were conducted with the emulsion blend (D) and the inert 
gelled water stemming in two Colorado oil shale mines in the 
presence of shale dust and/or methane. 

Full-lace oil shale blasts using a stemmed 80/20 emulsion 
blend (D) loaded into 7.6 centimeter diameter boreholes 
showed no flame outside of the borehole and provided frag-
mentation equivalent to or better than that of common 
ANFO loaded in 8.9 centimeter diameter holes. 

Single-hole verification testing in 7.6 centimeter diameter oil 
shale holes has shown that a full-column charge of un-
stemmed emulsion blend (D) did not ignite a flammable 
methane-air zone, whereas a full-column loading of the un-
stemmed ANFO did ignite the gas. 

According to the USBM, these preliminary field test results 
are encouraging and show that there is merit in pursuing new 
explosives technology as a means of reducing the secondary 
dust ignition probability in oil shale and sulfide ore blasting 
operations. The new emulsion blends and inert stemming 
combinations show promise as a means of reducing the 
hazards of blasting under gassy mine conditions. If 
laboratory and full-scale tests continue to support these find-
ings, the mining industry will have alternative guidelines for 
blasting oil shale that are consistent with the high standards 
of safety and levels of productivity needed to ensure a suc-
cessful industry.

#100 

SHALE COMBUSTION TESTS CARRIED OUT IN CFBC 

A paper entitled "Circulating Fluidized-Bed Combustion of 
Western Oil Shale,' authored by R.G. Vawter and 
R.E. Moore of Occidental Oil Shale, Inc. and L. Dockter of 
the United States Department of Energy, was presented at 
the 1990 Eastern Oil Shale Symposium held in Lexington, 
Kentucky in November. 
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Occidental Oil Shale, inc. (0051), the United States Depart-
ment of Energy (DOE), the State of Colorado, and Rio 
Blanco County, Colorado jointly funded two combustion test 
series utilizing various mixtures of western oil shale, coal, 
and a simulated retort off gas. The tests were conducted in 
two pilot scale circulating fluidized-bed combustors 
(CFRCs). 

The first test series was performed in a 10 million BTU per 
hour, 3 foot diameter, CFBC unit owned and operated by 
Tampella Keeler in Williamsport, Pennsylvania (see 
Figure 1). The second series was run in a 2 million BTU per 
hour, 12 foot diameter, CFBC unit owned and operated by 
PyroPower in San Diego, California (Figure 2, next page). 

The stated objective of the tests was to obtain the opera-
tional, emissions and ash properties information needed to 
design a small commercial circulating fluidized-bed combus-
tion electrical power plant fired with oil shale, coal and 
retort off gas to be included in a proposed in situ oil shale 
processing plant.

Over 150 tons of Colorado oil shale and 25 tons of Colorado 
coal were used in these tests. Retort off gas was simulated 
using recycle gas spiked with methane or propane and 
hydrogen sulfide. 

Oil shale feed was varied from 30 to 100 percent of the heat 
load, while coal feed was varied from 0 to 50 percent of the 
heat load. Simulated retort off gas was varied from 0 to 
30 percent of the heat load. The temperature of the CFBC 
bed ranged from 1,450 to 1,6000F. Results from this test 
program have been reported earlier (see Pace Synthetic 
Fuels Renort. September 1990, page 2-9). 

Test Results 

The authors say that both test units ran well over the range 
of feed mixtures tested. About 75 to 80 percent of the ash 
was collected in the multicyclones/baghouses, although sup-
plemental soot blowing was required. Combustion ef-
ficiencies were over 99 percent for all tests. 

FIGURE 1 

TAMPELLA KEELER CFBC PILOT PLANT
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FIGURE 2 

PYROPOWER CFBC PILOT PLANT 
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Sulfur emissions ranged from less than 0.01 to 0.45 pounds of 
SO2 per million BTU over the range of variables tested. Sul- 
fur capture efficiency was over 95 percent for all test condi-
tions, with optimum sulfur capture efficiency occurring at 
bed temperatures of 1,500 to 1,5500F. 

NO emissions ranged from 0.20 to 1.87 pounds per million 
BTtJ over the range of variables tested. It was noted that 
NO emissions decreased with increasing temperature. 

The authors concluded that oil shale or mixtures of oil shale, 
coal, and retort off gas can readily be used as fuel for a 
CFBC boiler in an environmentally acceptable manner. In 
addition, they say that the CFBC ash resulting from the com-
bustion of oil shale is nonhazardous, and can be handled like

any coal ash. The cementitious properties of oil shale ash 
may make the ash useful as a roadbed stabilizer or as a ce-
ment additive.

nfl 

ATTRITION STUDIES SUGGEST FLUIDIZED BEDS NOT 
IDEAL FOR SPENT SHALE COMBUSTION 

Studies on attrition and breakage of western oil shale have 
been carried out at the Morgantown Energy Technology Cen-
ter (METC) of the United States Department of Energy. 
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As defined by METC's U. Grimm and G. Swaney, the term 
attrition is used to describe the unwanted formation of fines 
during the handling of solid materials. In particular, the 
processing and handling of oil shale generates large amounts 
of fines which can be damaging to equipment and which are 
difficult to separate from effluent gas streams. 

While much work has been done on comminution and grind-
big, and some research deals specifically with size reduction 
of oil shales, the METC researchers say the only literature 
on attrition of spent shales at process temperatures and at-
mospheres is derived from their work. 

A recent review of the general subject of particle attrition 
lists 16 different drum tests for measuring friability, each 
with various dimensions, speeds, and revolutions of tum-
bling, used for coke, coal, iron ore, catalysts, rock: and ag-
gregates. This illustrates an important problem with the sub-
ject of attrition: the methods used to measure it are ar-
bitrary, and little effort has been made to establish widely 
accepted standards. Furthermore, these tests are empirical 
and their relationship to attrition/breakage theories is often 
unclear. 

The long-term goal of the METC work is to systematically 
develop a model capable of predicting the attrition and 
breakage of oil shales in various processing equipment and 
environments. The results presented to date were obtained 
using a multi-particle test apparatus known as the rolling at-
trition tester (RAT). It is a 25 centimeter diameter by 
20 centimeter wide stainless steel drum which rotates 
horizontally in an electric furnace. The drum contains a 
shelf inside to facilitate tumbling, and the shafts are hollow 
to allow the interior of the drum to be purged with process 
gases. 

Experimental 

The oil shale sample studied was obtained from the Anvil 
Points facility near Rifle, Colorado. Its Fischer Assay was 
23 gallons per ton, and METC refers to this material as 
WOS-23. 

Experiments were run with 50 to 300 grams of feed material. 
A weighed sample of raw shale was loaded into the drum, 
the desired purge gas was selected and flow started at 
1.2 liters per minute. Three temperatures (300, 600, and 
800°C) and three purge gases (nitrogen, air, and carbon 
dioxide) were used. 

Results 

Figure 1 shows the product size frequency distribution data 
from a typical run: 800 revolutions, feed size = 12.5 to 
16.0 millimeters, atmosphere = air, and temperature 
8000C. Although a bimodal distribution was expected, 
Grimm and Swaney say it is evident from the figure that at 
least four and probably five modes are present:

FIGURE 1 

RAT PRODUCT SIZE DISTRIBUTION
FOR WESTERN SHALE 
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The eroded feed is mostly destroyed in this sample, 
but it typically has a mean size from 2.5 to 
12 millimeters. Visually, particles in this size range 
appear to correspond to original feed particles, but 
the corners and edges have been severely rounded 
so that their effective size is reduced. 

The inter- or intra-bedding layer material has a 
mean size between 0.2 and 1.0 millimeter. Tests on 
pulverization of raw WOS-23 by hand showed that 
size reduction of this material to 1.0 millimeter is 
fairly easy, but at 0.5 millimeter it becomes ex-
tremely resistant to further comminution. Most of 
the kerogen was contained in these larger particles, 
which were a dark gray, rather than in the lighter, 
sandy colored fines. For particles above this size, 
there are inherent planes of weakness at the 
bedding-layer boundaries where the hydrophobic 
kerogen interfaced with the more hydrophilic 
minerals. Below this size the material is 
homogeneous, and hence much stronger. 

At about 70 microns there is a distinct and fairly 
narrow peak in the distribution. X-ray fluores-
cence spectroscopy data indicate that this peak is 
richer in MgO, which most probably existed in the 
original shale as dolomite. 

A similar sharp peak at around 50 microns is 
generally more prominent. Here the X-ray data 
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show an increase in the concentration of CaO, 
which is a product of calcite decomposition. 

- The finest material exists in a broad distribution 
with a mean size ranging from S to 15 microns. 
This material is composed mostly of Si02 crystals. 

To study the effect of pyrolysis temperature and process gas, 
nine runs were conducted using 800 revolutions and the 
largest feed size. 

Under both nitrogen and carbon dioxide there is a fairly 
steady increase in the finest fraction with increasing tempera-
ture. This is to be expected since higher temperatures will 
result in a more complete cracking/devolatilization of the 
kerogen, leaving the spent shale weaker. The behavior of 
this fraction under air is the most striking, because it un-
dergoes a strong maximum around 6009C and then returns 
to about the same value as for nitrogen and carbon dioxide 
at 8000C. One possibility is that by rapidly passing the 
sample through the 6000C range to pyrolyze at 800°C, the 
interior of the particle may be "sealed in" to some degree. 
This may limit the diffusion of oxygen. 

For the next two larger size fractions, the data for nitrogen 
and air are roughly equivalent, showing a significant increase 
in both fractions only between 600 and 800°C. In the

presence of carbon dioxide, however, the larger size fraction 
does not grow appreciably. 

To study the effect of amount of tumbling, four runs were 
carried out tumbling 400, 800, 1,200 and 1,600 revolutions. 
The initial breakdown of WOS-23 appears to be very rapid 
(at least within the first 400 revolutions), followed by a more 
gradual continuation of attrition. It indicates that the 
pyrolysis of this shale opens up a large number of major 
flaws which ate broken almost immediately, producing 
daughter particles which attrite much more slowly. 

Conclusions 

Grimm and Swaney conclude that the very rapid initial break-
down of spent WOS-23 means that a packed bed rather than 
a fluidized bed should be used for residual combustion. Fur-
thermore, the data taken on air indicate that even small 
amounts of oxygen entering a retort can have a detrimental 
effect on the friability of the spent shale. The observed maxi-
mum in air indicates that, if possible, spent shale should be 
heated well beyond 600°C before exposure to an attriting 
environment.

nfl 
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INTERNATIONAL 

SHALE OILS FROM FUSHUN AND MAOMING, CHINA 
ANALYZED 

In a paper prepared for but not presented at the 23rd Oil 
Shale Symposium last spring, L. Min at al. from the Fushun 
Research Institute of Petroleum and Petrochemistry, 
People's Republic of China presented some data on the com-
position of Chinese shale oils. 

China is rich in oil shale resources and has a long history of 
production. The two major deposits being exploited at 
present are at Fushun and Maoming. Total current produc-
tion of shale oil is said to be 200,000 tons per year. The ex-
ploitable reserves at these locations are estimated at 
1.6 billion tons of shale oil. 

It is considered to be of great importance to know the com-
positions of shale oils in order to improve their economic 
utilization in the chemical industry. Shale oil samples from 
Fushun and Maoming were cut into five fractions by using a 
highly efficient fractionating column. The principal com-
ponents for each fraction were identified by using the com-
bination of a gas chromatograph and a mass spectrometer. 
Qualitative identification of 145 components for Fushun 
shale oil, as well as 124 components for Maoming shale oil, 
was obtained. The results of the analysis show that the com-
ponents for the two shale oils are very similar. 

The shale oils were cut into five fractions: 180 to 250°C; 250 
to 300°C; 300 to 350°C; 350 to 400°C and 400 to 450°C. 

An example of the results for Fushun and Maoming shale 
oils is shown in Tables 1 and 2. (Table 2ison the next 
page.) It was found that the compositions for Fushun and 
Maorning shale oils are similar, both containing a large num-
ber of alkanes and alkenes, as well as a portion of aromatics, 
naphthalenes, phenols, polycyclic compounds and 
hydroaromatics. 

According to the researchers, the principal components are 
non-polar, straight-chain, aliphatic hydrocarbons. The con-
centration of paraffins increases with the boiling point, and 
the principal hydrocarbons are n-garaffins. The content of 
olefins in the fraction below 350 C also increases with the 
boiling point. Almost all the compounds in the fraction 
above 3500C are paraffins and olefins. In the light fraction, 
there are aromatics, naphthalenes, phenols, polycycic com-
pounds and hydroaromatics.

TABLE 1 

COMPOSITION OF FUSHUN SHALE OIL 
250 - 300°C FRACTION 

Formula Compound	 Content % 

n-decane 
n-C11alkene 
n-undecane 
naphthalene 0.28 
n-dodecane 0.24 
2-methyl naphthalene 0.25 
n-tridecane 1.40 
bibenzene 037 
n-C14-alkene 0.82 
n-tetradecane 4.45 
C 4-alkene 036 
1,-dimethyl naphthalene 0.49 
C3-branched alkane 1.79 
acenaphthene 10.66 
n-C15-alkene 337 
n-C 5-alkane 
2,3,4-trimethyl naphthalene

10.77 
0.42 

C -alkene 1.36 
1,S6-trimethyl naphthalene 0.72 
fluorene 1.18 
n-C16-alkene 3.47 
n-hexadecane 15.07 
C16-alkene 0.77 
C -branched alkane 1.06 
n-317-alkene 3.16 
n-heptadecane 14.35 

C1.-branched alkane 1.81 

isociralkene 0.71 
phenanthrene - 
anthrocene - 
n-C18-alkene 1.19 
n-octadecane 6.06 
C1 -alkene 0.74 
n49-alkene - 
n-nonadecane 0.86
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TABLE 2 is undeveloped primarily due to the availability of cheaper 
conventional oil. New Brunswick oil shale is uneconomic on 

COMPOSITION OF MAOMING SHALE OIL the basis of oil yield but has the potential to reduce sulfur 
250-3000C FRACTION emissions during co-combustion with high sulfur coal for 

thermal power generation. 

Formula Compound Content 7 Oil shale has been reported in Nova Scotia since the 1800s in 
areas of Cape Breton island, the northern mainland and the 

C1411 n-C14-alkene 0.56 southern mainland.	 The 12 areas in Nova Scotia that are 
C14H n-tetradecane 186 known to contain oil shale are shown in Figure 1, on the next 
C1211 12 1,3-dimethyl naphthalene 0.45 page. 
C12H 12 1,2-dimethyl naphthalene 0.67 
CH32 C15-branched alkane 1.98 In order to determine the quality and quantity of the 
C 12H 10 acenaphthene 0.86 resources in the 12 areas studied, investigation of the geol-
C151130 n-C15-alkene 3.96 ogy, composition, and oil yield of the rocks at each area was 
C151432 n-pentadecane 9.88 undertaken by the Nova Scotia Department of Mines and 
- unknown 038 Energy (NSDME) beginning in 1985. 
C1311 14 2,3 16-trimethyl naphthalene 2.00 
C15H C 5-alkene 0,91 Of the 12 areas investigated, the McAdams Lake, Scotsburn 
C1311 14 14,6-trimethyl naphthalene 1.14 Anticline and Richmond Basin areas contain rocks that yield 
C1314 10 fluorene 1.86 less than 25 liters of hydrocarbons per tonne of rock—the 

C1 

61132 n-C16-alkene 3.89 lower limit for a rock to be considered an oil shale. 
C 1611 n-hexadecane 16.13 
C16H32 C1 -alkene o.i The other 9 areas have confirmed oil shale, defined as rocks 
- unLown 0.93 showing hydrocarbon yields exceeding 25 liters per tonne. 
C17H C -branched alkane 2.46 The largest oil shale resource occurs within the Stellarton 
Cl?HM n-3,7 alkene 3,19 Basin.	 Maximum oil yields obtained from Stellarton oil 
C17l-I n-heptadecane 15.15 shale samples are comparable with those obtained from oil 
C1814 C18-branched alkane 2.44 shale of New Brunswick and Australia, but are far below 

17	 34 Ciralkene 0.64 values obtained for Wyoming, Utah, and Colorado oil shale. 
C18H C18-alkene 0.92 The second largest resource in Nova Scotia occurs within the 
C14H10 phenanthrene 132 Antigonish Basin, but maximum oil yields have proven to be 

anthracene 0.43 very low. 
C18H n-C18-alkene 0.69 

n-octadecane 4.73 Stellarton Basin 
C1811 iso-C18-alkene 0.38 

n-nonadecane 0.48 The largest oil shale resource known in Nova Scotia is from 
the 2,600 meter thick Westphalian B-D coal-bearing Stellar-
ton Formation, which contains 60 silicate-rich oil shale beds, 
all of lacustrine origin. The oil shale beds vary in thickness, 
up to a maximum of 35 meters, and are interbedded with 
sandstone, 	 siltstone,	 claystone,	 coal and/or minor con-
glomerate.	 Ninety percent of the oil shale beds are fissile 
shale with thin sections of cannel shale. The remaining beds 
are rich in boghead shale.	 A total in situ resource of 
825 million tonnes of oil shale giving 168 million barrels of 

NOVA SCOTIA OIL SHALE ASSESSMENT COMPLETED shale oil is estimated from 45 of the oil shale beds.

An assessment of the oil shale resources in Nova Scotia was 
recently completed by W.D. Smith and R.D. Naylor for the 
Nova Scotia Department of Mines and Energy. A report 
titled "Oil Shale Resources of Nova Scotia" has been issued 
as Economic Geology Series 90-3. 

According to Smith and Naylor, interest in oil shale develop-
ment has traditionally reflected oil pricing trends. The 
world's largest oil shale resource contained within the Green 
River Formation situated in Wyoming, Utah, and Colorado,

Antigonish Basin 

The second largest resource occurs within the 500 to 
1,230 meter thick South Lake Creek Formation in the An-
tigonish Basin. Oil shale occurs at two localities, Big Marsh 
and Beaver Settlement, which are 10 kilometers apart. The 
oil shale bed averages 117.5 meters thick along strike for 
4.8 kilometers at Big Marsh and 61.6 meters along strike for 
1.6 kilometers at Beaver Settlement. The oil shale is mostly 
low yielding fissile oil shale with thin sections of higher yield 
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FIGURE 1 

ACRES OF NOVA SCOTIA REPORTED TO CONTAIN OIL SHALE 
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ing cannel oil shale. A total in situ resource of 738 million 
tonnes of oil shale giving 75.6 million barrels of shale oil is 
estimated from the two areas. 

Other Localities 

Oil shale also occurs within the Mabou-Inverness coalfield 
(cannel shale), Sydney Basin (calcareous shale and 
petroliferous limestone) and Trenton Syncline (boghead 
shale); all are associated with coal. Oil shale also occurs in 
the areas of Cape St. Lawrence (silicate-rich shale) and 
Minas Basin (carbonaceous and coaly shale). Oil shale is 
also known in the Cumberland Basin and in the Debert-
Kemptown Basin; both occurrences are associated with coat. 
The oil shale beds at these areas are generally less than

1.5 meters thick, with the higher yielding portions of the beds 
confined to sections only 30 centimeters thick. 

Conclusions 

Only Stellarton oil shale deposits have oil yields comparable 
to such deposits elsewhere, and, according to the 
researchers, represent the most favorable resource for future 
interest as a source of oil. Development of indirect methods 
for utilization, identification of byproducts, inexpensive min-
ing and retorting methods and/or higher petroleum prices 
could enhance the economics of oil shale development at 
Stellarton. Potential uses for oil shale include use as a con-
crete additive, as an asphalt additive, and for electric power 
generation.
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However, they say that oil shale beds are of most immediate 
use as stratigraphic markers because they can be recognized 
and correlated across Stellarton Basin. The transition of 
some oil shale beds into coal suggests the use of oil shale as 
a coal exploration tool in Stellarton Basin, say Smith and 
Naylor.

#fl#

OIL SHALE FIRED BOILER ON-STREAM IN ISRAEL 

Israel's first oil shale fired power plant has been started up at 
Mishor Rotem in the northern Negev Desert. 

Following successful tests at the Hans Ahistrom Laboratory 
pilot plant, PAMA (Energy Resources Development) Ltd. of 
Israel decided to proceed with a commercial plant for the 
direct combustion of oil shale. In August 1987, PAMA pur-
chased an Ahlstrom Pyroflow circulating fluidized bed boiler. 
The PAMA Pyroflow plant is depicted in Figure 1. 

FIGURE 1 

AI-4LSTROM PYROFLOW BOILER 

SOURCE: AHL5moM
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The 41 megawatt plant is a cogeneration unit, and in addi-
tion to supplying electricity it will also supply 50 tons per 
hour of process steam to the phosphate plant adjacent to the 
site. A continuous steam flow of 50 tons per hour requires 
about 68 tons of oil shale per hour and results in 30 tons of 
ash per hour. 

PAMA's oil shale is particularly suitable for combustion in 
the Pyroflow boiler. There is no need for supplementary 
fuels using the fluidized bed even though the shale has a very 
low heating value of 4 megajoules per kilogram. The shale 
also contains over 60 percent ash, of which half is limestone, 
so there is no need for additional sulfur sorbent. The high 
calcium content results in sulfur capture of nearly 
100 percent. 

Steam data, fuel data and design performance information 
for the Ahlstrom Pyroflow cogeneration plant are given in 
Table .1.

TABLE 1 

AIILSTROM PYROFLOW
COGENERATION DEMONSTRATION PLANT 

Steam Data

The unit is viewed as a demonstration project where tests 
will be performed over a 2 year period. During this time, the 
optimum operating parameters will be determined for scale-
up to larger units. The Israeli Energy Ministry may even-
tually build a $500 million oil shale electricity and steam com-
plex by the end of the decade. 

fin 

MOROCCO REVISES OIL SHALE PLANS 

According to M. Douieb, the director general of Morocco's 
Office National de Recherche et d'Exploitation Petroliers 
(ONAREP), discussions have resumed concerning develop-
ment of the Tarfaya oil shale project. 

Royal Dutch/Shell and ONAREP are examining the viability 
of the project which would produce about 50,000 barrels of 
oil per day through the processing of 60 million tonnes of oil 
shale per year. The project, originally conceived in the mid-
1980s, would use Shell technology. 

The $2.5 billion estimated cost of the project would be 
shared equally by the two partners, Shell and ONAREP. 

Total Heat Output 41 MW Any decision to resume the project will revolve around cur-
Steam Flow 13.9 kg/s rent and anticipated oil prices. Government officials expect 
Steam Pressure 43 bar the cost of development to be in the range of $24 to $25 per 
Steam Temperature 480 C barrel. 

Fuel Data Oil Shale The oil shale deposit is located near the coastal city of Tar-
Organic Matter 13.6-16% faya. The reserves consisting of some 80 billion tonnes of oil 
Sulfur 1.1-1.7% shale are estimated to contain about 4 billion tonnes of oil. 
Moisture 16-22% 
Ash 44-50% Representatives from ONAREP recently visited the United 
Lower Heating Value 3.155 MJ/kg States and toured several oil shale facilities.

Design Performance 
Furnace Temperature	 800 °C 
Flue Gas Exit Temperature	 155 °C 
Feed Water Temperature	 105 °C 
Boiler Efficiency (DIN)	 83.7% 

Israel's proven reserves of oil shale are estimated at 
12 billion tons, an amount that could supply the country's 
energy needs for 60 years.

OIL SHALE STUDIED IN INDIA 

According to a report in 211 and Gas Journal. Oil India Ltd. 
has estimated that shale formations in India could yield as 
much as 70 billion tons of oil. This would amount to about 
100 times India's proved reserves of conventional oil. Oil 
India estimates that extraction costs will be about $25 per 
barrel and that processing will cost another $10 per barrel. 
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ENVIRONMENT 

TREASURY FINDS NO SIGNIFICANT 
ENVIRONMENTAL IMPACT AT UNOCAL 

J.B. Benton of the United States Department of the 
Treasury summarized the environmental monitoring and 
health surveillance activities at the Parachute Creek Shale 
Oil Project in a presentation to the 1990 Eastern Oil Shale 
Symposium held in Laington, Kentucky last month. 

Since 1986, the Parachute Creek Shale Oil Project in 
Colorado has collected compliance (permit-mandated) and 
supplemental (non-permit-mandated) data, as outlined in an 
Environmental Monitoring Plan (EMP). The project is one 
of four synthetic fuel programs funded under the Energy 
Security Act (ESA) of 1980. Union Oil of California 
(Unocal) constructed and operates the facility. 

Project Description 

Parachute Creek is the only commercial-scale shale oil 
project in the United States. It includes a mine, a shale 
retorting plant, a raw shale oil upgrading facility, provisions 
for disposal of the retorted shale, and the necessary support 
facilities. Unocal's retort is located just outside the mine 
entrance. Design capacity is 12,800 tons of oil shale per day. 

Raw shale oil is sent directly to the upgrading plant from the 
retort site about 8 miles away. The upgrading plant consists 
of the following steps: filtering, arsenic and sulfur removal, 
stabilization and denitrogenation and pour-point reduction 
by Unocal's Unicracker/DW process. The final product is a 
high quality syncrude. 

The spent shale disposal area involves about 600 acres, in-
cluding about 150 acres that were permanently reclaimed. 
During 1990, 16 acres were temporarily reseeded and 
vegetated for soil stability. 

During 1987, production was 17 percent of the design 
capacity of 10,400 barrels per stream day. In 1988, it was 
32 percent, and during 1989, the plant consistently per-
formed at 50 to 60 percent of design capacity on a short-term 
basis. Technological improvements were completed in mid. 
1989, and the first quarter of 1990 was a record quarter for 
the project. Throughout October 1990, the project was 
producing 6,200 barrels of shale oil per stream day. 

Environmental Monitoring Program 

Pollution control devices include the bagbouse on the mine 
crushing and screening facilities; the low nitrogen oxides 
(NO ) burners on the boilers and the sulfur recovery unit on 
the plant fuel gas at the retort facility; the runoff collection 
system and pond at the spent shale disposal area; the sulfur 
recovery unit for plant fuel gas; the steam stripper to treat

process waters; and the storm water collection system and 
basin at the upgrade facility. 

The compliance monitoring requirements include about 
150 reports to regulatory agencies each year. 

Parachute Creek's EMP supplemental sampling uses a tiered 
approach for environmental monitoring. The Tier I Program 
emphasizes screening-level analyses of supplemental 
parameters to identify substances of concern. Tier H is ( 
reduced monitoring program of substances found to be 
present in significant quantities during the first phase. The 
Tier I program consists of a "trial" sampling trip for the pur-
pose of validating sampling and analytical methods, followed 
by four additional field trips. The trial trip was completed in 
1988. The first of the four field trips was completed in 
March 1990, and the second such trip was completed in 
October 1990. 

Compliance Monitoring Results 

Compliance monitoring shows that ambient air quality is 
within the limits expected for such parameters as wind speed 
and direction, visibility, respirable particulates, NOR, sulfur 
dioxide (SO2) and ozone (03). 

Stack monitoring at the upgrade and retort facilities since 
1987 found the sulfur recovery plants achieved a 
99+ percent reduction in pollutants of concern during 
steady-state operations. However, excess emissions oc-
curred, primarily at the retort, during non-routine operating 
conditions. System modifications during 1989 minimized 
such emissions in 1990 (see Table 1 on the next page). 

The project is designed as a zero-discharge facility, with no 
outfalls to Parachute Creek, the Colorado River, or else-
where. The project has two impoundments for holding 
process water and utilizes thennosludge boilers to evaporate 
excess wastewater. Three accidental discharges from the im-
poundments occurred in 1986 and 1987. These were ad-
dressed under a single Notice of Violation, a fine was paid, 
operational changes were incorporated to remedy the leaks, 
and no further incidents have occurred. 

Condensate monitoring results for oil and grease have been 
within expected ranges, except for three occasions during 
maintenance cleaning activities. Quarterly groundwater sam-
pling of wells around the wastewater basins at the upgrade 
and the temporary pond at the construction camp have re-
corded water quality characteristics within expected ranges. 

The spent shale is compacted in 10-foot rises. To date, 
monitoring of the spent shale disposal area has detected no 
runoff and no leachate. 
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TABLE 1 

EXCESS EMISSIONS OF SULFUR DIOXIDE 
DURING NON-ROUTINE OPERATIONS IN 1989 AND 1990

AT THE RETORT SULFUR RECOVERY PLANT FLARE,
PARACHUTE CREEK SHALE OIL PROJECT 

No. of Incidents Emissions (lbs. SO) 
122 1220 122 

January 4 3 45,200 15,077 
February 2 1 156,560 2,625 
March - 2 204,645 200,000 
April 7 3 433,350 137,500 
May 2 1 3,785 500 
June 7 - 333,400 - 
July - 3 - 610 
August 2 - 6,844 - 
September 2 1 6,300 4,275 
October 3 n/a 9,300 n/a 
November 2 n/a 21,000 n/a 
Deember 1 n/a 8 n/a

n/a: Not Available 

The other solids generated by the shale oil process are spent 
catalysts from the dearseniter, spent guard bed inerts, and 
sludge from the active wastewater basin and the 
API separator. These are typically disposed of as hazardous 
wastes off site. 

More than 4,000 area and personal samples have been 
analyzed under the compliance program at the project. Less 
than 2 percent of these had parameters exceeding the Permis-
sible Exposure Limit (PEL) established by the Occupational 
Safety and Health Administration (OSHA) or the Mine 
Safety and Health Administration. At least five of these 
were the result of non-routine operations during the sam-
pling. 

Supplemental Monitoring Results 

Supplemental monitoring points include 11 at the retort 
facility and 9 at the upgrade facility. 

The environmental significance of gaseous emissions was 
evaluated by comparing measured values with Levels of Sig-
nificance (LOS). The LOS was established as the Threshold 
Limit Value (MV) for workroom air by the American Con-
ference of Governmental Industrial Hygienists. 

In general, the supplemental sampling found no parameters 
routinely occurring at levels of concern. However, a few

samples contained arsenic, chromium, and chlorine above 
the LOS. 

Benzene acceded the level of significance at the Wetter 
scrubber vent, the retort gravity separator fugitive emissions 
and the active basin fugitive emissions in 1988 and 1989. 
Acetonitrile and thiophene concentrations exceeded the 
LOS in 1989 at the wetter scrubber vent. Benzene was 
found in all stack emissions and internal gas lines. 

Particulates in 1989 continued at very low levels at all stacks. 
Trace elements and organic indicators were orders of mag-
nitude below the LOS. 

In 1989, gaseous chlorine and chromium were detected in 
the wetter scrubber vent at levels that exceed the LOS. 
Nearly all (>98 percent) of the chromium and chlorine were 
found in the cyclone preseparator sample, suggesting that 
they are present as aerosols rather than gases. 

Removal efficiencies at the retort sulfur recovery unit were 
64 percent of the gaseous arsenic, 49 percent of the ammonia 
and more than 99 percent of the hydrogen sulfide. Other 
constituents removed were acetonitrile (78 percent), naph-
thalene (66 percent) and 2-butanone (trace). 

Four solids streams were sampled from 1988 to 1990, with no 
unusual results. No solids are released directly to the en-
vironment.
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two planning criteria are evaluation of wilderness values and 
manageability. The six quality standards for analysis and 
documentation are: 

The retorted shale is the principal solid generated from the 
facility, and its composition varied little in 1988 and 1989, a-
cept for decreasing aliphatics, mercury, and selenium, 
thought to be due to improved oil recovery. 

Medical testing based on employee examinations and health 
histories have been conducted in all job categories. 
Variability in medical histories has shown no relationship to 
job category to date. 

Conclusions 

According to Benton, the project is operating within all com-
pliance requirements. No problems have been identified in 
the areas of water, solids, or health and safety. However, air 
emissions, while meeting permit requirements, continue to 
release compounds of concern during non-routine operating 
conditions. 

The supplemental monitoring during routine operations has 
not identified any significant areas of concern. The presence 
of benzene, arsenic, chromium, chlorine and solvent solubles 
at low concentrations during non-routine plant operations 
will continue to be monitored for increases or trends in emis-
sions. 

Overall, the environmental, health and safety data show no 
significant impacts related to shale oil operations at the 
Parachute Creek Project. Current monitoring levels will con-
tinue through 1992.

nfl 

BLM ISSUES WILDERNESS EIS IN COLORADO 

The Craig District Final Wilderness Environmental Impact 
Statement (EIS) analyzes the impacts of designating or not 
designating each of 15 wilderness study areas (WSAs) as wil-
derness. The WSAs are managed by the Bureau of Land 
Management (BLM) as part of the Craig (Colorado) 
District's White River, Kremmling and Little Snake 
Resource Areas in northwest Colorado. Table 1 (on the next 
page) lists the acreage of each WSA and Figure 1 (on page 
2-22) shows the location of each WSA. 

BIM's wilderness review process consists of three phases: 
inventory, study and reporting. During the inventory phase, 
ELM identified the public lands that contain wilderness 
characteristics as established by the United States Congress. 
This phase, completed in November 1980, identified 
15 WSAs that contain wilderness characteristics. 

The study phase recommends WSAs as suitable or non-
suitable for wilderness designation. Two planning criteria 
and six quality standards identified in ELM's Wilderness 
Study Policy apply to each WSA under consideration. The

- Energy and mineral resource values 
- Impacts on other resources 
- Impact of nondesignation on wilderness values 
• Public comment 
- Local social and economic effects 
- Consistency with other plans 

Reporting is the final phase of the wilderness review process. 
A recommendation on whether each WSA is suitable or non-
suitable for designation as wilderness in the National Wilder-
ness Preservation System is made by ELM through the 
Secretary of the Interior to the President. The President 
then makes his recommendation to Congress, but only Con-
gress can designate an area as wilderness. 

Until Congress either designates a WSA as wilderness or 
releases it for other uses, all WSAs will be managed under 
ELM's Interim Management Policy and Guidelines for 
Lands Under Wilderness Review. This maintains wilderness 
qualities inherent to each WSA until a final decision is made 
by Congress. 

At the beginning of the EIS process, public scoping meetings 
were held in 1984 for the Little Snake Resource Area and in 
1986 for the White River and Kremmling Resource Areas. 
Scoping meetings were also held with the Environmental 
Protection Agency (EPA), Colorado Department of Natural 
Resources, the Craig District Advisory Council, the Grand 
County Commissioners, and several interest groups. 

The following environmental issues (impact topics) were 
selected for detailed evaluation and analysis 

- Wilderness values 

- Ranching operations 

- Recreation use and quality 

- Water quality 

- Big game species (populations and habitat) and 
eagles 

- Mineral resource exploration and production 

- Private and/or state lands 

- Forest management 

Oil Shale Development 

Among the issues not selected for detailed evaluation is im-
pacts on oil shale development. 
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TABLE 1 

WILDERNESS STUDY AREAS
CRAIG DISTRICT 

White River Resource Area 
Bull Canyon (includes 520 acres in the 
Bookcliffs-Resource Area, Utah) 12,297 acres 

Willow Creek 13,368 acres 
Skull Creek 13,740 acres 
Black Mountain 9,932 acres 
Windy Gulch 12,274 acres 
Oil Spring Mountain 17.740 acres 

Subtotal 79,351 acres 

Kremmling Resource Area 
Troublesome	 8,250 acres 
Platte River Contiguous	 30 acres 

Subtotal	 8,280 acres 

Little Snake Resource Area 
West Cold Spring (includes 3,200 acres in the 
Diamond Mountain Resource Area, Utah) 17,682 acres 

Diamond Breaks (includes 3,900 acres in the 
Diamond Mountain Resource Area, Utah) 35,380 acres 

Cross Mountain 14,081 acres 
Ant Hills 4,354 acres 
Chew Winter Camp 1,320 acres 
Peterson Draw 5,160 acres 
Vale of Tears LQ acres 

Subtotal 85,397 acres

Craig District Total	 173,028 acres 

According to the EIS, two of the WSAs, Black Mountain and 
Windy Gulch, contain minor amounts of Green River Forma-
tion oil shale. The thick, rich beds of the Mahogany Zone 
are entirely eroded and only an insignificant remnant of the 
lower Parachute Creek Member still exists. The oil shale in 
the WSAs is found in the Garden Gulch Member in one or 
two thin, relatively kerogen-rich beds. There is practically no 
oil shale resource data for the area north of the White River 
because of the insignificant quantities of oil shale present. 
Black Mountain is assumed to contain approximately 
18,000 barrels of oil per acre and Windy Gulch 12,000 barrels 
per acre at depths ranging from 0 to 400 feet. 

By way of comparison the poorest quality oil shale mapped 
for the main Piceance Basin, Mahogany Zone, was 
50,000 barrels per acre. Sbnilarly, the poorest quality oil 
shale mapped for the R6 Zone, Piceance Basin, was 
50,000 barrels per acre. 

Total reserves estimated for the Piceance Basin in zones 
thicker than 15 feet with greater than 15 gallons per ton is

13 trillion barrels at depths of 0 to 1,500 feet. The oil shale 
under the WSAs is too thin and too low quality to consider 
for mining. Therefore, this issue was not carried forward for 
detailed analysis. 	 - 

BLM is not proposing management of private lands adjacent 
to the WSAs. Designation of a WSA as wilderness would 
not dictate management of the adjacent private lands, accord-
ing to the EIS. Further, it is the policy of the BLM that no 
buffer zones be created around the areas to protect them 
from the influence of activities on adjacent land. The use of 
motorized or mechanized equipment within wilderness areas 
would not be permitted except as necessary in support of 
valid existing rights. 

Recommendations 

The Bull Canyon, Willow Creek, Skull Creek, Platte River 
Contiguous, Diamond Breaks and Cross Mountain WSAs 
have been recommended as suitable for wilderness designa-
tion by the BLM. The other nine WSAs have been recom 
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FIGURE 1 

GENERAL LOCATION MAP - WILDERNESS STUDIES AREAS 

mended as nonsuitable for wilderness designation, according 
to the Final EIS. 

OIL SHALE WASTEWATER TREATED BY AERATION 

The extended aeration modification of the activated sludge 
process was investigated as the primary method of treating a 
synthetic wastewater from the Instijute of Gas Technology 
(IGT) pressurized, fluidized-bed hydroretorting (PFH) 
process. The test results were reported by S.K. Dudley, 
et al., of Tennessee Technological University, at the 1990 
Eastern Oil Shale Symposium held in November in Lexi-
ngton, Kentucky. 

According to the authors, the lOT FFH process has shown 
promise for significantly increasing the organic carbon con-
version and oil yield when compared with other oil shale

processing methods. In order to obtain an assessment of the 
environmental impacts of the process, lOT subcontracted 
with Tennessee Technological University (1TU) to inves-
tigate the treatability of selected nonmetallic constituents in 
the PFH processing wastewater. Four compounds were 
selected for studr acetone, propionitrile, pyrrole, and 
thiocyanate (in the sodium thiocyanate form). 

TFU investigated the treatability of these contaminants by 
physical, chemical, and biological alternatives. Biological 
experiments revealed that each of the four synthetic waste 
components is biologically degradable. From initial con-
taminant concentrations of 50 to 600 milligrams per liter, 
each compound was reduced to below 1 milligram per liter in 
less than 44 hours for acetone, 49 hours for propionitrile, 
80 hours for pyrrole, and 222 hours for thiocyanate. The sig-
nificantly longer time required to degrade thiocyanate was 
because of an initial lag phase of as much as 180 hours. Fol-
lowing the lag phase, thiocyanate was rapidly metabolized. 
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Continuous Flow Experiments 

Based on the promising results of the batch experiments, con-
tinuous flow biological treatment was examined. The ex-
tended aeration modification of the activated sludge process 
was selected for investigation because it is reliable, results in 
relatively little waste sludge, and responds well to hydraulic 
and organic shocks sometimes typical of industrial processing 
wastewaters. For biodegradable wastes, extended aeration is 
capable of producing an effluent which requires little to no 
additional treatment. 

Extended aeration oxidizes organic wastewater contaminants 
to yield carbon dioxide and cell mass as principal products. 
This biological conversion occurs in an aeration tank, which 
is followed by a sedimentation basin. Sludge which settles in 
the sedimentation tank is divided appropriately into a recycle 
stream for the aeration tank and a waste stream. A sketch of 
the bench scale extended aeration unit used in the study is 
shown in Figure 1.

FIGURE 1 

SKETCH OF 
AERATION UNIT 

SOURGt DUDLEY.ETAL. 

Two bench scale extended aeration units were operated 
during the study. 

Reactor I, at hydraulic residence times as low as 1 day, con-
sistently produced a treated wastewater which exhibited less 
than 70 milligrams per liter chemical oxygen demand (COD) 
and contained less than 1 milligram per liter of each original 
substrate. 

Gradual increases in the concentration of the feed to 
Reactor 1 to as much as 400 milligrams per liter each of 
acetone, propionitrile, pyrrole, and thiocyanate resulted in 
effluent CODs below 120 milligrams per liter. However, 
Reactor 1 failed when substrate concentrations were in-
creased to 500 milligrams per liter each.

For Reactor 2, at hydraulic residence times as low as 1 day, 
the original substrates were below 1 milligram per liter in the 
reactor effluent, and the average COD was below 
85 milligrams per liter. 

An increase of thiocyanate concentration in the Reactor 2 in-
fluent to 500 milligrams per liter resulted in no change in ef-
fluent quality. 

When the thiocyanate concentration in the Reactor 2 in-
fluent was increased to 600 milligrams per liter, thiocyanate 
breakthrough in the effluent approaching 250 milligrams per 
liter occurred.

'In 

ENVIRONMENTAL PROBLEMS NOTED IN ESTONIAN 
OIL SHALE REGION 

Oil shale processing in the Estonian region of the USSR has 
created environmental problems that are said to be adversely 
affecting the health of oil shale workers and the regional 
population in general. 

Investigations carried out by the Institute of Preventive 
Medicine of the Ministry of Health of the Estonian SSR 
have established that a number of indices which characterize 
the population's health in the oil shale region differ con-
siderably from those of a control region where air pollution 
is much lower. 

According to an article in 2!l Shale, when the residents of 
these two regions were questioned, those living in the oil 
shale region expressed feelings of discomfort, complained 
about unpleasant odors, and complained of dream distur-
bances and headaches. 

Considerable deviations have also been observed among 
children. The number of children born with deviations from 
the normal body mass and spirometric parameters of the 
lungs is much higher in the oil shale region, according to the 
institute. A higher rate of sickness has also been established. 

Adults in the oil shale region required medical assistance 
more frequently for respiratory and cardiovascular system dis-
eases. Emergency calls are also more frequent in cases of 
cardiovascular system diseases, bronchial asthma and 
asthmatic bronchitis for residents of the oil shale region. On 
those days when the wind blew from the chemical plants, 
emergency aid calls again increased in frequency. In addi-
tion, allergy tests have shown the development of concealed 
(asymptomatic) sensibility to atmospheric pollutants among 
adults. 

Variance analysis has shown that working in the oil shale 
processing plant accounted for 36.1 percent of reported 
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Overall, the institute's investigations pointed to a deteriora-
tion of the population's health In the oil shale regions of Es-
tonia.

nfl 

respiratory organ problems; the factor of living in the oil 
shale region accounted for 29.5 percent of such problems. In 
the case of cardiovascular system diseases, the analysis 
showed that working or living in the region accounted for 
12.2 to 12.4 percent of cases needing medical assistance. The 
institute also reported observing a carcinogenic influence on 
the region's population—the result of atmospheric pollution.
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RESOURCE 

USGS ACCUMULATING EXTENSIVE OIL SHALE CORE 
LIBRARY 

The United States Geological Survey (USGS) has acquired a 
large collection of geotechnical data, drill cores, and crushed 
samples of oil shale from the Eocene Green River Forma-
tion in Colorado, Wyoming, and Utah. According to 
J.R. Dyni of the USGS, the data include about 250,000 shale 
oil analyses from about 600 core holes. Most of the data are 
from Colorado where the thickest and highest-grade oil 
shales of the Green River Formation are found in the 
Piceance Creek basin. Other data on file but not yet in the 
computer database include hundreds of lithologic core 
descriptions, geophysical well logs, and mineralogical and 
geochemical analyses. The shale oil analyses are being 
prepared for release on floppy disks for use on microcom-
puters. 

About 173,000 lineal feet of drill core of oil shale and as- 
sociated rocks, as well as 100,000 crushed samples of oil 
shale, are stored at the Core Research Center, United States 
Geological Survey, Lakewood, Colorado. These materials 
are available to the public for research. 

Groundwater and rock mechanics data were not routinely 
collected, although a limited amount of such information is 
on hand. In addition to the Green River materials, some 
data and drill cores of oil shale from the Devonian deposits 
of the eastern United States and from a few foreign deposits 
have also been acquired by the USGS. 

To date, only the results of the Fischer Assay analyses have 
been entered into a computer database. Magnetic tapes of 
some of the assay data acquired earlier were open-filed by 
the USGS (1974, 1975, 1981). Additional Fischer Assay data 
have been collected since the tapes were open-filed, but this 
information has not yet been released to the public. 

Exploratory Drilling for Oil Shale 

The early records of exploratory drilling for oil shale in the 
Green River Formation are scanty. Information for only 
four wells drilled between 1921 and 1945 are on file 
(Figure 1). Other exploratory holes were probably drilled 
for oil shale during this early period, but records have not 
been found. 

From the middle 1940s into the 1950s, the United States 
Bureau of Mines operated the Anvil Points experimental 
mine and retort facility near Rifle, Colorado. During this 
time, many core holes were drilled to test the Mahogany oil 
shale zone that underlies the United States Naval oil shale 
reserve in the southeastern part of the Piceance Creek basin 
in Garfield County, Colorado. Also during this period,

FIGURE 1 

NUMBER OF KNOWN BORE HOLES
DRILLED BY YEAR

IN THE GREEN RIVER FORMATION 
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several private companies began evaluating company-owned 
oil shale lands in other parts of the Piceance Creek basin. 

During the 1960s the deeper high-grade oil shales below the 
Mahogany zone were drilled and large, potentially economic, 
resources of nahcolite and dawsonite were discovered. In 
the 1970s when public oil shale lands were opened for leas-
big and oil shale land exchanges in Colorado, Utah, and 
Wyoming, exploration and development drilling reached its 
zenith; as many as 328 wells of record were drilled in the 
three states. Drilling dropped dramatically after 1983. From 
1984 to 1990, only eight wells of record were drilled for oil 
shale or associated sodium minerals in Colorado and Utah 
(Figure 1). 

Oil Shale Database 

For the past 20 years, the USGS has been collecting geologic 
data including Fischer Assays and chemical analyses, 
geophysical logs, X-ray diffraction analyses, and lithologic 
descriptions of bore holes drilled for oil shale. The results of 
thousands of Fischer Assay analyses from the western oil 
shale deposits were released on 9-track tapes by the USGS 
and by the Laramie, Wyoming laboratories of the Depart-
ment of Energy (DOE). Much information is duplicated on 
the USGS and the DOE tapes. Generally, more information 
about the drill holes is available on the DOE tape. On the 
other hand, the USGS tapes contain assays made by private 
laboratories that are not included on the DOE tape. 
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Dyni says that marry additional Fischer Assay analyses and 
other data have been collected since the release of the 
USGS and DOE tapes including data that were formerly 
company-confidential but which are now in the public 
domain. A revised computer database of the Fischer Assay 
data that will also incorporate information from the Doe 
tape is being prepared for publication on floppy or compact 
disks for use on a microcomputer. 

The oil shale data possessed by the USGS are by no means 
complete, but represent probably the largest single collection 
of geologic information on the western oil shale deposits 
available today. 

Core and Samples 

Some 173,000 lineal feet of core from 291 exploratory holes 
drilled for oil shale and associated sodium carbonate 
minerals are stored at the Core Research Center of the 
USGS in Lakewood, Colorado. The sources of these 
materials are summarized in Table 1. 

About 20 percent of the total footage of drill cores has been 
archived for permanent storage by the Core Research 
Center. Archival of core requires several steps including 
slabbing the core, reboxing the core in special cardboard 
boxes that hold one lineal meter of core, and photographing 
the slabbed core before storage. 

The remaining cores will be evaluated for retention or dis-
posal. As much as 25 percent of these cores may not be 
retained by the Core Research Center. 

In 1987 the Department of Energy made available to the 
USGS a collection of about 100,000 crushed samples of oil 
shale that were saved by the Laramie laboratory. These 
crushed samples, mostly of Green River oil shale in 
Colorado, Wyoming. and Utah, are from approximately 

TABLE 1 

DRILL CORES OF OIL SHALE
AT THE USGS CORE RESEARCH CENTER 

Number	 Footage
Source of Cores Drilled 

Green River Fm. 
Colorado 110 100,334 
Wyoming 83 38,594 
Utah 85 33,336 
Eastern U.S. 4 414 
Foreign 2 
Totals 291 173,000

500 bore holes. The samples are the unused portions from 
Fischer Assay analyses made by the Laramie laboratory (and 
its predecessors) between about 1944 and 1980. The samples 
consist of about 2 to $ pounds of minus 8-mesh material and 
are stored at the Core Research Center. These crashed 
samples are valuable because they represent the same se-
quence of drill core that was previously analyzed for shale 
oil.

###1 

MINING LAW REWRITE DIES IN CONGRESS, ON TAP 
AGAIN FOR NEXT YEAR 

Although Congress failed in 1990 to pass any of the bills 
which propose to rewrite the 1872 Mining Law, efforts to 
revise the law are continuing, and 1991 may be a pivotal 
year. A major concern to the oil shale industry is the treat-
ment of unpatented oil shale claims which were filed under 
the 1872 Act. 

As usual, the hardrock mining industry led by the American 
Mining Congress (AMC) continues to be strongly opposed 
to changes in the 188-year old mining law, including the bill 
(HR 3866) by chairman Raball of the House Mining Subcom-
mittee. The industry is also vehemently opposed to a bill 
(S 1126) by Senator Dale Bumpers, in the Senate Minerals 
Resources Subcommittee. 

Rahall held a marathon 8-hour hearing on September 6 in 
his Mining Subcommittee on his bill. Rahall said he was 
laying the legislative foundation now on a bill in the next 
Congress to revise the 1872 law. 

The Senate Minerals Resources Subcommittee held a hear-
ing on September 13 on the Bumpers bill. 

The House hearing revealed some splits within the mining 
industry. A group of miners operating under the aegis of the 
Public Resources Foundation and a group of environmen-
talists led by a representative of the National Wildlife 
Federation have been carrying on a dialogue to see if they 
can come to a consensus on changes in the 1872 law which 
might be acceptable to at least a portion of the hardrock min-
ing industry as well as to environmentalists. They have not 
yet. 

The Rahall bill (HR 3866) provides that a United States 
citizen may locate a 40 acre mining claim on federal land 
which must be recorded. He must pay a modest annual 
rental on the claim and meet diligent development require-
ments, including filing a mining plan with either the United 
States Bureau of Land Management or the Forest Service. 

Rahall said his bill eliminates discovery, patenting and the 
$100 a year assessment work requirement in the 1872 law in 
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favor of a strong diligence provision. His bill subjects mining 
claims to the land-use planning process. Reclamation of the 
land is required. The United States Department of Agricul-
ture (USDA) is made responsible for mining claims located 
on federal lands. 

As previously noted, the prospector continues to initiate a 
mining claim under the Rahall bill. But "land giveaways" are 
eliminated in the bill, according to Rahall, i.e., no longer will 
federal lands be "given away" at $2.50 an acre to patent a 
placer mining claim and at $5 an acre to patent a lode min-
ing claim. 

The Bumpers bill addresses existing claims as well as claims 
filed later. It would recognize as valid only those claims exist-
ing as of June 6, 1989, the day the bill was introduced. The 
claims owner would be denied the right to obtain a patent 
under current law and would be required within three years 
to elect to relocate his claims under the new location proce-
dures outlined in the bill, or put $5,000 annually in labor per 
claim, or to pay $5,000 per claim through in-lieu payments. 

Under the Bumpers bill, a reclamation plan and bond are 
conditions precedent to mining under a mineral patent. 
After a mineral patent is issued to him, the holder would be 
required to pay out $100 per acre to develop hardrock 
minerals during the first 5 years, $200 per acre during the 
next s years, and $300 per acre during the final 5years. Pay-
ments in lieu of labor would be permitted. The patent 
holder would be required to pay an annual holding fee of 
$100 per claim as well. Assignments or transfers of explora-
tion claims and mineral patents could be made only under 
regulations developed later by the federal government. 

Mining's chief proponent, Senator McClure is retiring in 
January from the United States Senate.	 In the past,

McClure almost single-handedly stopped anti-mining inter-
ests from passing legislation impacting patents and holding 
fees. 

The American Mining Congress plans to hold a meeting in 
Denver, Colorado in December to map out strategy to 
defend the old law. AMC takes the position that the 1872 
mining law already has been updated many times through 
Congressional passage of various types of legislation, such as 
clean air and clean water laws, that supplement it. 

Rahall and Bumpers plan to introduce their new mining law 
revision bills in January. They plan to hold early hearings on 
them, and hope to get them through committee and ready 
for House and Senate floor action by next spring. 

fin 

MAGIC CIRCLE LEASES UTAH SHALE LANDS 

An application from Magic Circle Energy Corporation of 
Oklahoma City, Oklahoma to lease 1,444 acres of oil shale 
lands in Uintah County, Utah has been approved. Magic 
Circle submitted the only bid to lease Section 18, Lots 3, 4, 
E1/2 SW1/4, and all of Sections 19 and 29, offered for lease 
last August. 

The company bid $4,332.36 for the first year's lease, 
$1.00 per acre per year thereafter, and royalty as provided in 
the lease form approved by the Board of State Lands. 
Utah's Minerals Division checked the application and found 
it to be acceptable. 
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RECENT PUBLICATIONS 

The following papers were presented at the 1990 Eastern Oil Shale Symposium, held in Lexington, Kentucky, November 6-8: 

Hutton, A., "Classification, Organic Petrography and Geochemistry of oil Shales." 

Rimmer, S.M., et al., "Organic Petrography of Mississippian and Devonian Shales in East-Central Kentucky? 

Kruge, MA., et al., "Organic Geochemistry and Petrography of Spanish Oil Shales." 

Hutton, A., et al., "Organic Matter, Mineralogy and Carbonate Geochemistry of the Stuart Oil Shale Deposit." 

Hutton, A., et al., "Alpha Torbanite Deposit." 

Huyck, H.L.O., "Black Shales: An Economic Geologist's Perspective." 

Ettensohn, F.R., et al., "Middle Devonian Black Shales in Kentucky? 

Conkin, i.E., "Chattanooga Shale on the Western Highland Rim of Tennessee? 

Patterson, JR., et al., "The Relevance of Carbonate Minerals in the Processing of Australian Tertiary Oil Shales." 

Mason, G.M., "Oldhamite: A Rare Ca-Sulfide Generated by Oil Shale Processing." 

Snape, C.E., et al., "Fixed-Bed Pyrolysis and Hydropyrolysis of an Immature Type I Turkish Oil Shale." 

Harada, K., "Research and Development of Oil Shale in Japan." 

Audeh, CA., "Improved Oil Shale Retorting." 

Dung, N.V., "Basis of Reactor Design for Retorting Australian Oil Shales." 

Rubel, A.M., et al., "Effect of Process Solids on Secondary Reactions During Oil Shale Retorting." 

Coburn, T.T., et at, "New Albany Shale Flash Pyrolysis Under Solid-Recycle Conditions. Chemistry and Kinetics. U. 

Carter, S.D., et al., 'Testing of an Irati Oil Shale in the KENTORT II Process." 

Cena, RJ., "LLNL Oil Shale Pilot Retort-Status Report? 

Piper, E.M., "Update of Petrosix Commercial Project." 

Lau, F., et al., "Pressurized Fluidizéd-Bed Hydroretorting (PFH) of Six Eastern Shales in Batch and Continuous Laboratory 
Scale Reactors? 

Findlay, J., et al., "Modification and Operation of an Advanced Multipurpose Research Reactor for Bench-Scale Testing of 
the PFH Process." 

Abbasian, 1, et al., "In-Bed Sulfur Capture During Pressurized Fluidized-Bed Hydroretorting of Eastern Oil Shales." 

Grimm, U., et al., "Attrition and Breakage of a New Albany Shale at Process Temperatures." 

Schultz, C.W., a al., "An Integrated Circuit for Beneficiating Eastern Oil Shale." 

Misra, M., a al., "Selective flocculation of Kerogen from Ultrarme Eastern Oil Shale with Novel Microorganisms." 

Shen, M.S., et al., "Comparative Analysis of Rapid Pyrolysis for Raw and Beneficiated Oil Shales." 
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Mehta, R.K., et al., "A Kinetic Approach to Wet Ball Milling Scale-Up of Eastern Oil Shales? 

Benton, J.B., "Highlights of Environmental Monitoring and Health Surveillance Activities at Parachute Creek Shale Oil 
Project." 

Shergill, B.S., et al., "Impact of Oil Shale on Water Chemistry of the Rolling Fork River, Kentucky." 

Mensinger, MC., et al., "Physical and Thermal Properties and TCLP Results from Eastern Oil Shales Retorted in the PFH 
Process." 

Dudley, SIC, et al., "Biological Treatment of Selected Components of an Oil Shale Processing Wastewater by Extended 
Aeration." 

Branam, T.D., et al., "Inorganic Ground-Water Chemistry at an Experimental New Albany Shale (Devonian-Mississippian) 
In-Situ Gasification Site, Clark County, Indiana." 

Taulbee, D.N., et al., "Product Changes Induced by Solids Heat Transfer in the KENTORT II Miniplant: Comparison of 
Gasified and Gasified/Combusted Particle Recycle." 

Vawter, R.G., et al., "Circulating Fluidized-Bed Combustion of Western Oil Shales." 

Dyni, JR., "Current Research on Oil Shale by the U.S. Geological Survey." 

The following articles appeared in Ener gy & flçj, November/December 1990: 

Callot, HJ., et al., "Structural Comparison of Nickel, Vanadyl, Copper, and Free Base Porphyrins from Oulad Abdoun Oil 
Shale (Maastrichtian, Morocco)." 

Clayton, J.L., et al., "Controls on Porphyrin Concentrations of Pennsylvanian Organic-Rich Shales, Western U.S.A." 
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OIL SHALE - PATENTS 

"Process for Beneficiating Oil Shale Using Froth Rotation," Rabinder S. Datta, Charles A. Salotti - Inventors, Chevron Research 
Company, United States Patent Number 4,968,413, November 6, 1990. A process for beneficiating oil shale is disclosed including the 
steps of grinding the shale to fine particles in an aqueous medium, portions of which are kerogen-rich and kerogen-poor, scrubbing 
the particles, conditioning using a collector and a frother, and separating using froth flotation and oil agglomeration/dewatering. 

"Kerogen Agglomeration Process for Oil Shale Beneficiation Using Organic Liquid in Precommunication Step," Terry L. Marker, 
Y.C. So Bernard - Inventors, Amoco Corporation, United States Patent Number 4,963,250, October 16, 1990. In a kerogen ag-
glomeration process, the oil shale is pretreated by comminuting the oil shale in the presence of an added organic liquid prior to con-
tacting the oil shale with an added organic liquid and water to form kerogen-rich agglomerates and mineral-rich particles. The 
benefit is a reduction in comminution cost while maintaining about the same separation efficiency as methods having higher comminu-
tion costs. 

"Process for Upgrading Shale Oil," Albert L. Hensley, Jr., Andrew M. Tait - Inventors, United States Air Force, United States Patent 
Number 4,950,383, August 21, 1990. A process for hydrocracking a hydrocradcing feedstock With hydrogen at hydrocracking conver-
sion conditions which comprises contacting the feedstock with a first catalyst comprising a nickel component, a molybdenum com-
ponent and a phosphorus component deposited on a support component consisting essentially of a refractory metal oxide, and a 
second catalyst comprising a cobalt component, a chromium component and a molybdenum component deposited on a support com-
ponent consisting essentially of a refractory metal oxide component and a molecular sieve component. This process is particularly 
suitable for the hydrocracking of shale oil feedstocks which typically have high nitrogen contents, i.e., total nitrogen at least about 
0.2 weight percent. 

"High Liquid Yield Process for Retorting Various Organic Materials Including Oil Shale," Thomas T. Coburn - Inventor, United 
States Department of Energy, United States Patent Number 4,948,495, August 14, 1990. This invention is a continuous retorting 
process for various high molecular weight organic materials, including oil shale, that yields an enhanced output of liquid product. 
The organic material, mineral matter, and an acidic catalyst, that appreciably absorbs alkenes on surface sites at prescribed tempera-
tures, are mixed and introduced into a pyrolyzer. A circulating stream of olertn enriched pyrolysis gas is continuously swept through 
the organic material and catalyst, whereupon, as the result of pyrolysis, the enhanced liquid product output is provided. Mixed spent 
organic material, mineral matter, and cool catalyst are continuously withdrawn from the pyrolyzer. Combustion of the spent organic 
material and mineral matter serves to reheat the catalyst. Olefin depleted pyrolysis gas, from the pyrolyzer, is enriched in olefins and 
recycled into the pyrolyzer. The reheated acidic catalyst is separated from the mineral matter and again mixed with fresh organic 
material, to maintain the continuously cyclic process. 

"Oil Shale Retort Apparatus," Melvin J. (3reaves, Earl L. Mast, Adam A. Reeves - Inventors, New Paraho Corporation, United 
States Patent Number 4,948,468, August 14, 1990. A retorting apparatus including a vertical kiln and a plurality of tubes for deliver-
ing rock to the top of the kiln and removal of processed rock from the bottom of the kiln so that the rock descends through the kiln 
as a moving bed. Distributors are provided for delivering gas to the kiln to effect heating of the rock and to disturb the rock particles 
during their descent. The distributors are constructed and disposed to deliver gas uniformly to the kiln and to withstand and over-
come adverse conditions resulting from heat and from the descending rock. The rock delivery tubes are geometrically sized, spaced 
and positioned so as to deliver the shale uniformly into the kiln and form symmetrically disposed generally vertical paths, or "rock 
chimneys," through the descending shale which offer least resistance to upward flow of gas. When retorting oil shale, a delineated col-
lection chamber near the top of the kiln collects gas and entrained oil mist rising through the kiln. 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since September 199(1) 

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

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

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (5-40) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (5Th) retort process. Information obtained from the semi-works project will allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

Chevron is continuing to develop its Colorado River water rights through its participation in a joint venture with two other energy 
companies. 

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

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

Proposed 47,00D barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco II retorting was originally planned. Production would be 66,000 TPD of 35 OPT shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final EIS has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming, and Final EIS supplement was completed. Work on Battlement Mesa com-
munity commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. CF. Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Pont was to construct 
the retorts. Stearns-Roger awarded contract 2/81 for design and construction liaison on materials handling and mine support 
facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the Colony Shale Oil Project. Tosco 
responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 percent interest. Exxon has completed 
an orderly phasedown of the project. Construction of Battlement Mesa has been completed and Exxon has announced its intention 
to sell the Mesa complex. An Exxon organization remained in the Parachute area for several years to perform activities including 
reclamation, some construction, security, safety, maintenance, and environmental monitoring. These activities were designed to 
maintain the capability for further development of the Colony resource when economies become attractive. In December 1989, Ex-
xon closed its Grand Junction project office. 

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

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

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

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.
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From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cat of LJS$2,34X) million and an annual 
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 progres-
sive build-up to full production in three further stages at two-year intervals. 

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

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the fines * process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,000 tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

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

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

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

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons of oil shale From the Condor deposit, 
crushed it to produce 20,ODO 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: $23 billion (mid-1983 U.S. dollars) 

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

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

Exploitation of kukersite 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 equiv-
alent to the energy in 49 million barrels of oil. Most extracted oil shale is used for power production rather than oil recovery. In 
1989, annual production of oil shale in the Baltic region was as low as 28 million tons. More than 60 percent of Estonia's thermal 
energy demand is met by the use of oil shale. 

Fuel gas production was terminated in 1987. The first of their kind ever put into operation, two oil-shale-fueled power plants have 
an annual output of 1,600 megawatts each. 

FUSI-IUN COMMERCIAL SHALE OIL PLAN!' - Fushun Petrochemical Corporation, SINOPEC, Fushun, China (S-90) 

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

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

SYNTHETIC FUELS REPORT, DECEMBER 1990 
2-32



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 ebullatcd bed boiler has been tested at Fushun Refinery No. 2. 

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

GARY REFINERY - Landmark Petroleum Inc. (S-100) 

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

Gary Refining had a contract to purchase 8,600 barrels per day of hydrotreated shale oil from the Unocal Parachute Creek facility. 
A contract was also signed with the Defense Fuel Supply Center to provide 5,025 barrels per day of shale-derived military jet fuel 
(JP-4) to the Air Force over a four year period. 

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

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

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

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

Although there are no guarantees regarding quantity, the firm's contract with Unocal Corporation now is for everything that 
company's Parachute Creek oil shale plant can produce. Unocal officials believe they can now consistently produce 5,000 barrels of 
synthetic fuel a day. The processing of Unocal's syncrude will be supplemented with other regional crude oils. Because the con-
tract with the Air Force for jet fuel has expired, it is not known whether the military test effort will be revived. 

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

In late 1990. Landmark Petroleum. Inc. purchased the refinin g facilities for an undisclosed amount. Landmark plans to have the 
facility running by early 1991. 

ISRAELI RETORTING DEVELOPMENT - FAMA (Energy Resources Development) Inc. (S-270) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
which is tailored to the specific properties of Israeli oil shale, thus promising certain advantages over existing processes developed 
elsewhere. The process rests on the use of both fluidized and entrained beds, and the work is carried out in a pilot plant which can 
process around 100 kg/hr of oil shale. Preliminary results are encouraging. 

In 1988 FAMA signed an agreement with Brazil's Petrobras to test Israeli shale in the Petrix process. 

PAMA has completed extensive studies, lasting several years, which show that the production of either oil or power (the latter by 
direct combustion of the oil shale) is technically feasible. Furthermore, the production of power still appears economically viable, 
despite the uncertainties regarding the economics of production of oil from shale. 
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PAMA has already embarked on a program for demonstrating the direct combustion of oil shale for power. A demo plant has 
been built that is in fact a commercial plant co-producing electricity to the gild, and low pressure steam for process application at a 
factory adjacent to one of the major oil shale deposits. The oil-shale-fired boiler, supplied by Ahlstrom, Finland, is based on a cir-
culating fluid bed technology. 

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

The unit is viewed as a demonstration project where tests will be performed over a two war neriod. During this time, the ontimum 
operatint parameters will be determined for scale-u p to larser units. 

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

Project Cost: $30 million for combustion demo plant 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (S-HO) 

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 toinvestipte the development of a direct-combustion oil-shale-fired 
power plant. Jordan is also investigating jointly with China the applicability of a Fushun-type plant to process 200 tons per day of 
oil shale. A test shipment of 1,200 tons of Jordanian shale was sent to China for retort testing. Large-scale combustion tests have 
been carried out at Kioeckner in West Germany and in New Brunswick, Canada. 

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

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

In 1988, the N.R.A. announced that it was postponing for 5 years the consideration of any commercial oil shale project 

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

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

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

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

Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over 50 shale oil products (predominantly non-fuel) 
are currently produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced 
as by-product in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meters. After desulfurization, it is 
utilized as a local fuel for the production of thermal and electric power.
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MAOMING COMMMERCIAL SHALE OIL PLANT - Maoming Petroleum Industrial Corporation, SINOPEC, Maccuing, China 
(S-no) 

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

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

Current production at Maoming is approximately 100,000 tons of shale oil per year. 
refined, it is now sold directly as fuel oil. 

Detailed coinnositional studies of the Maoming shale oil have been completed. These studies can be used to im prove the utiliza-
tion of shale oil in the chemical industry. 

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

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

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

Construction of a pilot plant at Timandit was completed with a 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 73 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 13 process consists of a semi-continuous dual retorting system in which heat from one vessel that is 
being cooled provides a portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 
100 tons of raw shale per day capacity using 17 GPT shales. The design of a demonstration plant, which will have an initial output 
of 280 barrels per day, Sing to 7,800 barrels per day when full scale commercial production begins, has been deferred. A commer-
cial scale mine development study at Timandit was conducted by Morrison-Knudsen. 

The 13 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.



OCCIDENI'AL 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 (Sit) under the third solicitation in January 
1983 and the project was advanced into Phase II negotiations for financial assistance. On July 28, 1983 the Sit 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 mom, east 
and west airlocks, and mechanical/electrical moms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Pall 1993. An interim monitoring program was approved in 
July 1982 to reflect the reduced level of activity. 

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

On April 1, 1981, the Bureau of Land Management, United States Department of the Interior, granted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of five years. Meanwhile, pumping of the mine inflow water 
continues in order to keep the shaft from being flooded. 

Congress has anorocriated $8 million in fiscal year 1991 for Occidental to begin a 	 million 'proof-of-concept modified in situ 
(MIS) demonstration project to be located on the C-b tract. Occidental will ocerate and finance 50 percent of the $200 million 

The nroiect is a 1,200 barrel per day demonstration of the modified in situ (MIS) retortin g process. Estimates indicate that them 
are more than 43 billion barrels of recoverable oil at the site. 

Following the completion of an environmental im pact statement, the proiect will move into a 3-year construction phase, which at its 
Peak will employ 700 people. During the following seven years of operation, the plant will employ 300 People. 

At the end of the demonstration period. Occidental hones to brin g the plant up to full scale commercial production of 2.500 barrels 
of oil per day. 

The demonstration nroiect will develop and refine the technology for accessing and retorting oil shale underground. Much of the 
oil shale is 1.000 feet or more underground 

Project Cost: $200 million for demonstration 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL Corporation (S-160) 

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,ODD 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 tat opera-
tions and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECT'S (Coatinoed) 

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

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FEC) technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FEC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. 

As of March 1990, Unocal had shipped over 3,,000 barrels of syncnsde from its Parachute Creek Project. Unocal announced the 
shale project booked its filet profitable quarter for the first calendar quarter of 1990. Positive cash flow had been achieved previ-
ously for select monthly periods; however, this quarter's profit is the first sustained period of profitability. Recent cost cutting ef-
forts have lowered the breakeven point on operating costs approximately 20 percent. The future of the project depends on the 
ability to maintain this production level. 

In 1990 Congress ruled to d ye Unocal permission to allow other companies to use the facility. This could provide extra revenue 
and some financial flexibility for Unocal. At the time Parachute was ooerating at 50 nercent capacity. 

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

In 1990. the United States Department of Treasury found no significant environmental, health or safety imnacts related to the 
operations of Parachute Creek. Monitorin g will continue throuch 1992. 

Project Ccst: Phase I - Approximately $700 million 

PErROSIX - Petrobras (Petroleo Brasileiro, S.A.) (S-170) 

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

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

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

A spouted bed pilot plant having a 12-inch diameter reactor, has been in operation since January, 1988. It processes oil shale fines 
coarser than that used in the entrained bed reactor. 

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

A nominal 2,200 tons per 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, currently produces 850 barrels per day of crude 
oil, 40 tons per day of fuel gas, and 18 tons per day of sulfur. The operating factor since 1981 until present has been 93 percent. 

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

Operations time, hrs	 112,000 
Oil Produced, UbI	 2,800,000 
Processed Oil Shale, tons 	 7,200,000 
Sulfur Produced, tons	 463,000 
High B'flJ Gas, tons	 101, 

A 36-foot inside diameter retort, called the industrial module, is being constructed and at the end of 1989 was 85 percent complete. 
Total investment when complete will be US$104 million. When the plant becomes operational in 1992, the annual operating cost is 
estimated to be US$39 million. With the sale of gas to a local consumer, and anticipated revenue from products, the rate of return 
on the overall project is estimated to be about 13 percent. The completion date is now indefinite. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Continued) 

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

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

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

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

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

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

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

On May 6, 1985 Ram" 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, Ram" announced that Greenway Corporation had become the controlling shareholder in the company. 

On November 24, 1987, Ramer announced the completion of the pilot project. The formation was heated to approximately 1 
degrees F creating a high-BTU gas with little or no liquid condensate. The wells substained 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 5 
year life in a 10 foot section of the shale with a product gas of 800 BTU or higher per standard cubic foot. 

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

In late July. 1988 a letter agreement was signed between Tx-Gas Technology, Inc., the licensee of the Ramex process in Indiana, 
and J. M. Slaughter Oil Company of Ft. Worth, Texas to provide funding for drilling a minimum of 20 gas wells, using the Ram" 
oil shale gasification process, on the leases near Henryville, Indiana. 

Arrangements were made with Midwest Natural Gas to hook up the Ramex gas production to the Midwest Pipeline near Hen-
ryville. As of May, 1989 Ram" had been unsuccessful in sustaining long-term burns. They therefore redesigned the burner and 
built a much larger model (600,000 BTU per hour vs 40, BTU per hour) for installation at the Henryville site. A new burner 
with improved metallurgy was planned to be installed in November, 1989. 

In November, 1989 Rama completed its field test of the Devonian Shales in Indiana. The test showed a gas analysis of 47% 
hydrogen, 30% methane and little or no sulfur. Rama contracted with a major research finn to complete the design and material 
selection of its commercial burners which they say an 40 to 50 percent more fuel efficient than most similar industrial units and 
also to develop flow measurement equipment for the project. Rama received a patent on its process on May 29, 1990. 

Rama is also investigating potential applications in Israel. 

How fast does the heat front move throuth the shale? 

How far will the reaction jo from the heat source and how much heat is necessary on an incremental basis to keep 
the reaction zone movin g outward from the source of heat?
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Continued) 

Once these Questions are answered, then the comnany will be able to calculate the actualcost per unit of mnroduction. 

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

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

Proposed project on federal Tract C-a in Piceance Crack Basin, Colorado. Bonus bid of $2103 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30' x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cat $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of five versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without additional 
federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily suspended opera-
tions on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In August 1987, 
the suspension was renewed. 

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

Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. Partial approval for the aban-
donment plan was received in Spring 1984. The mine and retort are currently flooded but were pumped out in May 1985 and June 
1986 in accordance with plans approved by the Department of the Interior. Data from the pumpout are being evaluated. Stringent 
monitoring is continuing. Rio Blanco operated a $29 million one to live TPD Lurgi pilot plant at Gulf's Research Canter in Har-
marville, Pennsylvania until late 1984 when it was shut down. This $29 million represents the capital and estimated operating cost 
for up to 5 years of operation. The company has not as yet developed commercial plans or cost estimates. On January 31, 1986 
Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in 
the project. Amoco has no plans to discontinue operations. 

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

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

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

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop-
ment. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. Geological and 
environmental baseline studies were carried out to characterize resource and environmental parameters. Mine planning and 
materials handling methods were studied for selected plant capacities. Results of the study were announced in September 1984. 
The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of shale feed was estimated 
to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to 
cost $2.65 billion (US). 

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

Project Cost: See above

SYNTHETIC FUELS REPORT, DECEMBER 1990 
2-39



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECI'S (Continued) 

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

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

This study utilized data from a number of previous studies and evaluated different retorting processes. It showed potential 
economic advantages for utilizing the Taciuk Process developed by Iimatac 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 matted the feasibility of the Taciuk Processor for 
demonstration plant use. The economics continued to favor this process an the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,) tonnes of dried Stuart oil shale was prepared in late 1986 early 1987. The pilot 
Plant program was carried out between June and October 1987. 

is underway to finn up the project definition for a semicommercial demonstration plant. 

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

According to SPP, the estimated cost is A$90 million for the first state demonstration plant, including services connection and 
product storage. At current prices for low sulfur fuel oil in Australia, it is likely that operation of the demonstration plant will at 
least break even and possibly earn as much as 15 percent DCFROI. After a year of operation it is expected that sufficient data and 
operating experience will have been gathered to scale up the technology to full commercial size (25,000 tonnes per day). 

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

Project Cost: For commercial demonstration module A$90 million 

TRANS NATAL T-PROJECF - Trans Natal, (jencor, Republic of South Africa (S-220) 

Current developments in oil shale conversion by (jencor, one of the larger South African mining companies, have proved to be very 
promising and a feasibility study was completed in 1987. A technical study involving retorting test samples of oil shale mixed with 
coal has been carried out. It was found that by recycling the heal oil fraction, it is possible to successfully retort a 5050 mix of 
torbanite and coal. 

The project will consist of an underground mine with mining height of ito 23 meters. The material to be mined is a mixture of 
tortanite and bituminous coal. The deposit would be capable of supporting an output of 14,000 barrels of syncrude per day. 
Retorting will be accomplished with Lure) LR retorts. The torbanite yields 250 liters of oil per metric ton, and the coal yields 100 
liters per ton. 

The investigation phase of the Torbanite Project ('F-Project) was completed at the end of June 1989 and was submitted for ap-
proval to the South African government in September 1989. This project has now for financial reasons been indefinitely 
postponed. 

Project Cost: $1.0 billion 

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

The UTF-3000 process, otherwise known as the Galoter retort, is a rotary kiln type retort which can accept oil shale fines. 
Processing of the Baltic shales in UTF-3000 retorts makes it possible to build units of large scale, to process shale particle sizes of 
22 millimeters and less including shale dust, to produce liquid fuels for large thermal electric power stations, to improve operating 
conditions at the shale burning electric power stations, to increase (thermal) efficiency up to 86-87 percent, to improve sulfur 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Continued) 

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 UTF-3000 units built at the Estonian ORES with a productivity of 3,000 tons per day are among the largest in the world 
and unique in their technological principles. However, as of late 1988, these units had still not reached full design capacity. 

A redesign of particular parts and reconstruction of the units was done in 1984 to improve the process of production and to in-
crease the period of continuous operation. 

As a result of these changes, the functioning of the UTI'-3000 improved dramatically in 1984 in comparison with the period of 
1980-1983. For instance, the total amount of shale processed in the period 1980-1983 was almost the same as for only 1984, i.e. 
79,1000 tons versus 80,100 in 1984. The total shale oil production for the period 1980-83 was 10,500 tons and approximately the 
same amount was produced only in 1984. The average output of shale oil per nan 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 UTI'-3. 

In 1985, the third test of the reconstructed boiler IT-101 was carried out by using the shale oil produced at the UTF-3. The im-
provement of the working characteristics of U1T-3000 has continued. 

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

YAAMBA PROJECT - Yaamba Joint Venture (Beloba Ply. Ltd., Central Pacific Minerals N.L, Southern Pacific Petroleum N.L. Shell 
Company of Australia limited, and Peabody Australia Ply. Ltd.) (S-240) 

The Yaaniba 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 411 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 scams 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. 

In December, 1988 Shell Australia purchased a part interest in the project. The Yaamba Joint Venture now comprises Peabody 
Australia Pty. Ltd., with 41.66% percent interest, Shell Company Australia with 41.66% interest. Beloba fly. Ltd. with 10%, 
Central Pacific Minerals N.L. with 3.3% and Southern Pacific Petroleum N.L. with 3.3%. Beloba Ply. Ltd. is owned 50% each by 
SPP and CPM. Peabody Australia manages the Joint Venture which holds two 'Authorities to Prospect' for oil shale in an area of 
approximately 1,0 square kilometers in the Yaamba and Broad Sound regions northwest of Rockhampton. The Authorities to 
Prospect' were granted to the Yaamba Joint Venture by the government of the State of Queensland. In addition to the Yaamba 
Deposit, the 'Authorities to Prospect' cover a second prospective oil shale deposit in the Herbert Creek Basin approximately 
70 kilometers northwest of Yaamba. Drilling in the Herbert Creek Basin is still in the exploratory stage. Further exploratory drill-
ing of the Herbert Creek Basin is also continuing. 

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

During 1988, activities in the field included the extraction of samples for small scale testing and the drilling of four holes for further 
resource delineation.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Continued) 

This project has been temporarily suspended due to continuing low oil prices. 

Project Cost: Not disclosed

R&D PROJECTS 

JULIA CREEK PROJECT - Placer Exploration Limited (5-290) 

A preliminary study was conducted in 1980 to detennine feasibility of a large scale extraction or oil from the Julia Creek deposit or 
northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrading 
to produce either a premium refinery feedstock or marketable fuels, particularly kercene and diesel. 

The project developer was (SR Ltd, but as a result or purchasing CSR's mineral interests within Australia, Placer Pacific Ltd. is 
now owner of the project. 

The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
average oil content or the shale is approximately 70 litres per dry tonne. 

Work carried out jointly by (SR and CSIRO on the development of a new retorting process based on spent shale ash as a recir-
culating solid heat carrier has been concluded and patents for retorting and hydrotreating processes have been obtained. 

No development is planned. 

LLNL HOT RECYCLED-SOLIDS (l-1RS) RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (S-300) 

Lawrence Livermore National Laboratory (LLNL) has, for over the last five years, been studying hot-solid recycle retorting in the 
laboratory and in a one-tonne-per-day pilot facility and have developed the LLNL Hot Recycled-Solids Retort (HRS) Retort 
(CBR) process as a generic second generation oil shale retorting system. Much progress has been made in understanding the basic, 
chemistry and physics of retorting processes and LLNL believes they are ready to proceed to answer important questions to scale 
the process to commercial sizes. Field pilot plant tests at 100 and 1,000 tonnes per day are planned at a mine site in western 
Colorado. Fending DOE approval, a joint government/industry sponsored test at 100 tonnes per day could begin as early as Oc-
tober 1991. 

In this process, raw shale is rapidly heated in a gravity bed pyrolyzer to produce oil vapor and gas. Residual carbon (char), which 
remains on the spent shale after oil extraction, is burned in a fluid bed combustor, providing heat for the entire process. The heat 
is transferred from the combustion process to the retorting process by recycling the hot solid, which is mixed with the raw shale as 
it enters the pyrolyzer. The combined raw, and burned shale (at a temperature near 500 degrees C) pass through a moving, 
packed-bed retort containing vents for quick removal and condensation of product vapors, minimizing losses caused by cracking 
(chemical breakdown to less valuable species). Leaving the retort, the solid is pneumatically lifted to the top of a cascading-bed 
burner, where the char is burned during impeded-gravity fall, which raises the temperature to nearly 650 degrees C. Below the 
cascading-bed burner is a final fluid bed burner, where a portion of the solid is discharged to a shale cooler for final disposal. 

In 1990, LLNL upgraded the facility to process 4 tonnes-per-day of raw shale, working with the full particle size (0.25 inch). Key 
components of the process will be studied at this scale by adding a delayed-fall combustor and fluid-bed mixer and replacing the 
rotary feeders with air-actuated valves, suitable for scaleup. LLNL plans to continue to operate the facility and continue conceptual 
design of the 10) tonne per thy pilot-scale test facility. LLNL is seekin g industrial sponsors for its current onerations and for the 
future 100 tonne ocr da y proiect. 

NEW PARAHO ASPHALT FROM SHALE OIL PROJECF—New Paraho Corporation, Marathon Oil Company (S-310) 

New Paraho Corporation is a wholly owned subsidiary of Energy Resources Technology Land, Inc. New Paraho Corporation plans 
to develop a commercial process for making shale-oil-modified road asphalt. Researchers at Western Research Institute (WRI) 
and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a significant reduction in mois-
ture damage and a potential reduction in binder embrittlement when added to asphalt. This is particularly true for shale oil 
produced by direct-heated retorting processes, such as Paraho.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes slate September 1990) 

It & D PROJECTS (Continued) 

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

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $2.5 million, 
all of which will be funded by Paraho. The major portion of the work to be conducted during this initial phase consists of produc-
ing sufficient quantities of shale oil to accommodate the construction and evaluation of several test strips of shale oil-modified as-
phalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1997. 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 965 percent of Fischer Assay. In 
1988, New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from crude shale oil. 

Eight test strips have been constructed in Colorado, Utah and Wyoming. The test strips will now be evaluated over a period of 
several years, during which time Paraho will complete site selection, engineering and cost estimates, and financing plans for a com-
mercial production facility. 

The size of the commercial production facility is currently envisioned as a plant capable of producing 3,ODO to 5,000 barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

Based upon current engineering estimates, the initial commercial facility will cost $200 - $250 million to design, engineer and con-
struct. If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant would 
commence in the 1991-1992 time frame. 

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

Approximately 1,500 acres of the Mahogany Block are still controlled by the Tell Ertl Family Trust and are available to New 
Paraho although the largest part of the original block was sold to Shell Oil Company. New Paraho also maintains control of ap-
proximately 3,400 acres of oil shale leases on state lands in Utah. 
Project Cat: $2,500,000.	 The company spent $100,000 in 1987, S1,100,0 in 1988 and $778,	 in 1989 on shale oil asphalt
research. 

In late 1990. Marathon Oil Com pany ioined New Paraho in their work on the asphalt binder which the y are calling SOMAT (Shale 
Oil Modified Asphalt Technology). 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT - United Nations (5-330) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Junta Moravica River valley. 
Oil shale dips from the surface at an angle of 30 to 40 degrees up to a depth of 600 meters where it then levels, although the oil 
shale seams are not planar. 

An experimental 33 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Aleksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the [MIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. The 
retort injection mixture would be 50 percent air and 50 percent steam. As a future development, eight modules of IMIS retorts 
would be in operation at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20, barrels per day at full 
production (about I million tons per year). For the mined shale, interest has been expressed in adapting the 13 retort system un-
der development in Morocco. The overall resource recovery rate would be about 49 percent. 

Construction time for a 20,000barrels per day facility is estimated to be 11 years.The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the upgrading cost was estimated to 
be $7.00 (US) per barrel.
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R & D PROJECTS (Continued) 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. GO-ahead for a 
full-scale 20,000 barrels per day operation would be given only after the results of the pilot module an known. The pilot module 
has been designed by Energoproject, Belgrade, with UNDP support. Establishment of the IMIS experiment had been expected in 
1988 but is now postponed to at least 1992. 

The project is currently considered to be suspended. 

Project Cct: US$12,000,000
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COMPLEI'ED AND SUSPENDED PROJECTS 

Proiect Sponsots Lag Aznearance in SFR 

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, 

Poster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page B4 

Duo-Es Solvent Extraction Pilot SOIV-EX Corporation September 1989; page 2-55 

Eastern Oil Shale In Situ Project Eastern Shale Research Corporation September 19W, page 2-55 

Edwards Engineering Company Edwards Engineering March 1990; page 242 

Exxon Colorado Shale Exxon Company USA March 1985; page 2-73 

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

Japanese Ministry of International Trade RAPAD Shale Oil Upgrading Project March 1990; page 2-52 
and Industry 

Japanese Retorting Processes Japan Oil Shale Engineering Company September 198%, page 2-56 

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

Logan Wash Project Occidental Oil Shale Inc. September 1994; page 5-3 

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

Nahcolite Mine #1 Multi-Mineral Corporation September IM 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 aland-Cliffs June 1987; page 248 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979; page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 247 
Facility 

Seep Ridge Geokinetia Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc.
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Silmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Energy Corporation of America 

Tosco Corporation Tosco Sand Wash Project March 1990; page 248 

Triad Donor Solvent Project Triad Research Inc. December 198& page 248 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 19113 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 19%; page 8-3 
Unnamed Fracture Test Talky Energy Systems September 1978; page 8-4 

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

INDEX OF COMPANY INTERESTS 

Company or Organization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-39 

Beloba Ply. Ltd. Yaamba Project 2-41 

Central Pacific Minerals Stuart Oil Shale Project 2-40 
Condor Project 2-31 
Rundle Project 2-39 
Yaamba Project 241 

Chevron Shale Oil Company Clear Creek Project 2-31 

Conoco Inc. Clear Creek Project 2-31 

Esso Australia Ltd. Rundle Project 2-39 

Exxon Company USA Colony Shale Oil Project 2-31 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-32 

Gencor Trans Natal T-Project 2-40 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-38 

Jordan Natural Resources Jordan Oil Shale Project 2-34 

Landmark Petroleum Inc. Gary Refinery 2-33 

Lawrence Livennore National Laboratory LLNL Cascading Bed Retort 242 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-35 

Marathon Oil Company New Paraho Asphalt From Shale Oil 2-42 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-35 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-31 

New Paraho Corporation New Paraho Asphalt From Shale Oil 2-42 

Occidental Oil Shale, Inc. Occidental MIS Project 2-36 

Office National de Recherche et Morocco Oil Shale Project 2-35 
d'Exploitation Petrolieres 
(ONAREP) 

PAMA Inc. Israeli Retorting Development 2-33 

Peabody Australia Ply. Ltd. Yaamba Project 2-41 

Petrobras Petraix 2-37 

Placer Exploration Limited Julia Creek Project 242 

Ramer Synfuels International Ramex Oil Shale Gasification Process 2-38 

Republic of South Africa Trans Natal 'f-Project 240 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (Ca) 2-39 

Royal Dutch/Shell Morocco Oil Shale Project 2-35
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Company or Or2anization Proiect Name  

Sinopec Push" Commercial Shale Oil Plant 2-32 
Macflung Commercial Shale Oil Plant 2-35 

Southern Pacific Petroleum Stuart Oil Shale Project 2-40 
Condor Project 2-31 
Rundle Project 2-39 
Yaamba Project 241 

Trans Natal Trans Natal T-Project 240 

Unocal Corporation Parachute Creek Shale Oil Program 2-36 

Union of Soviet Socialists Republics Estonia Power Plants 2-32 
Kiviter Process 2-34 
ur17-3	 Retorting Process 240 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-43 

Yaamba Joint Venture Yaamba Project 241
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PROJECT ACTIVITIES 

NYNAS PROJECT CANCELED IN SWEDEN 

Plans to build an Oriniulsion-burning integrated gasification 
combined cycle (IGCC) plant in Sweden have been canceled 
by Nynas Energy Chemicals Complex. The project was 
halted only a few days before the final project contracts were 
to be signed when the Swedish power board instead decided 
to contract for electricity from Norway. 

Project Description 

The LGCC facility, which would have generated 
365 megawatts of electricity, was designed to gasify extra 
heavy high sulfur oils and bituminous oil/water emulsion-
Orimulsion. 

The project as designed included the following main process 
units: 

- Air separation 
- Gasification and soot removal 
- Gas shifting and cooling 
- Add gas removal 
- Sulfur recovery 
- Combined cycle power generation

The flow scheme is shown in Figure 1. 

The core of the process is a Texaco high pressure gasification 
unit comprising two quench gasifiers followed by a water 
scrubber for particulates removal. Gasification takes place 
at 65 bar and 1,300°C. 

After dust removal in the water scrubber the gas is cooled to 
about 230°C in a steam generator producing medium pres-
sure steam. The process gas temperature is then increased 
to about 4500C through exothermal chemical reaction in a 
catalytic shift conversion reactor, where carbon monoxide 
reacts with steam forming hydrogen and carbon dioxide. 

The acid gas removal process brings the fuel gas sulfur con-
tent down to a few ppm, while allowing 100 percent of the 
CO2 to pass on to the gas expander and combined cycle. 

The H2S rich gas from the acid gas removal unit is sent to a 
Claus unit followed by a tail gas hydrogenation step. With 
this closed system the sulfur emission from the sulfur 
recovery unit is completely eliminated. 

The combined cycle was to be based on gas turbines with 
heat recovery steam generators and a condensing steam tur-
bine. 

FIGURE 1 
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The design capacity of the plant was 92 tons per hour of 
Orinoco oil (contained in Orimulsion) or heavy vacuum 
residue producing 750 megawatts of shifted gas. Of this gas 
approximately 725 megawatts was to be used in the com-
bined cycle for power generation. 

The gross power output at full capacity operation amounted 
to 420 megawatts. The internal power consumption 
amounted to 55 megawatts of which 43 megawatts would be 
consumed in the air separation unit. The resulting net power 
output from the project was thus 365 megawatts. 

The developers of Orimulsion, Petreleos de Venezuela, are 
reportedly trying to replace the canceled project with a 
similar project in Poland.

In upgrading, bitumen is converted to synthetic crude oil in a 
two-stage process. The first breaks bitumen down into its 
various components. The second stage--secondary 
upgrading—sees sulfur, nitrogen, metals and unsaturated 
hydrocarbons removed from these feedstocks. This is ac-
complished through reaction with hydrogen under controlled 
pressure and temperature in the presence of a catalyst. The 
upgraded naphtha and gas oils are then combined to form 
high grade synthetic crude oil, which is shipped by pipeline 
to Edmonton. 

A massive and sophisticated utilities plant supplies the 
steam, electricity, compressed air and nitrogen, as well as the 
process and cooling water to the complex. 

The first shipments of synthetic crude began in 1978. Be-
cause of improvements in operating efficiency and a 
$660 million Capacity Addition Project (CAP) completed in 
1988, production has risen steadily to reach a current level of 
about 56 million barrels a year. 

SYNCRUDE PASSES 25 YEARS 

The Syncnzde Canada project was first conceived 25 years 
ago. Now, as the world's largest producer of synthetic crude 
oil, Syncrude Canada Ltd. runs a large and complex opera-
tion, located north of Edmonton, Alberta, Canada near 
Mildred Lake. 

Syncrude president and chief executive officer B. Newell 
recently said, "No one can appreciate the size of the site and 
equipment until they see it first hand. Certainly the sheer 
enormity of the operation was what struck me most vividly 
when I first visited the site in 1986." 

The Syncrude project represents a $3.7 billion investment 
and represents four major industries—mining extraction, 
upgrading (refining) and utilities. Each is crucial in ensuring 
a 24-hour-a-day flow of synthetic crude from the site. 

The original plant cost $2.6 billion and took 5 years to build. 
This integrated operation incorporates draglines with booms 
as high as a 25-story building and buckets the size of a 
double garage, fluid cokers that rank with the largest in the 
world, and a utilities plant big enough to power a city of 
250,000. Plant output averages more than 180,000 barrels 
per day. 

In the first decade of operation 1.1 billion cubic meters of 
overburden and oil sand were moved. Syncrude spokesmen 
say that represents more than the total amount of material 
moved for such projects as the great Wall of China, the Suez 
Canal, the Great Pyramid of Cheops and the 10 largest dams 
in the world. 
In extraction, huge tumblers remove oil from the sand with 
the help of a mixture of hot water, steam and caustic soda. 
Tailings, the sand and clay mixture that remains after extrac-
tion of the bitumen, is pumped to a 19.5 square kilometer 
tailings pond, where it is held.

Less than a decade after production began, cash operating 
costs per barrel dropped from about C$26 to C$16. The tar-
get is $15 per barrel by 1991. 

Syncrude supplies 10 percent of Canada's crude oil require-
ments. Currently, about 92 percent of the bitumen is ex-
tracted from the oil sands processed at Syncrude. 

Syncrude ownership is as follows: Esso Resources Canada 
Ltd. (25 percent); Petro-Canada Inc. (17 percent); Alberta 
Oil Sands Equity (16.74 percent); PanCanadian Petroleum 
Limited (10 percent); Alberta Energy Company (10 percent); 
Gulf Canada-Resources Limited (9.03 percent) Canadian 
Occidental Petroleum Ltd. (7.23 percent); and Amoco 
Canada Petroleum Company Ltd. (5 percent). 

#111 

HAI'IGINGfloNE PROJECT OFFICIALLY OPENED 

On September 4, 1990, Petro-Canada announced their offi-
cial opening of the Hangingstone Steam Pilot Plant. 

The project is testing an optimized cyclic steam injection 
technique to extract oil from the Athabasca oil sands 
deposit. The project is the culmination of more than 
30 years of exploration, research, and field tests. 

Hangingstone is located 50 kilometers southwest of Fort 
McMurray, Alberta, Canada. The project is a joint venture 
Of Petro-Canada, Canadian Occidental Petroleum Ltd., Esso 
Resources Canada Limited and Japan Canada Oil Sands, 
known as the PCEJ Group. The Alberta Oil Sands Technol-
ogy and Research Authority (AO&FRA) has joined the 
project and will provide half of the engineering support and 
operating funds, for a total contribution of $12.5 million over 
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the life of the project. In return, AOSTRA obtains rights to 
the technology and receives a share of any profits. 

The PCEJ Group owns 34 leases in the Athabasca oil sands, 
covering 500,000 hectares. Most of the bitumen is found be-
tween 200 and 500 meters below the surface, with total oil in 
place estimated at 24 billion cubic meters. 

Because the bitumen is too deep to extract by strip mining, 
an extraction method called cyclic steam stimulation is used. 
Fresh water is converted into pressurized steam which is in- 
jected down a weilbore into the oil sands formation. The 
steam releases large amounts of heat to the viscous bitumen, 
lowering its viscosity so it can be pumped to the surface. 

The produced water is piped into storage tanks and disposed 
of by deepwell injection. The small amount of produced gas 
is flared. 

Encouraging results of single-well tests in the late 1980s led 
to a multi-well development plan. This work was the begin-
ning of the current Hangingstone Steam Pilot Project, which 
became operational in May 1990. Petro-Canada is the 
operator. 

The Hangingstone operations are expected to continue until 
1992. According to Petro-Canada total expenditures will 
reach $160 million by 1993. Expansion to an enlarged pilot 
operation or a semi-commercial demonstration project could 
result if the current project is deemed successful. 

OSLO PLANS DILUTED BITUMEN PIPELINE 

OSLO's working group is planning to build a diluted 
bitumen pipeline from its site at Lease 31 to the proposed 
upgrader location near Edmonton, Alberta, Canada. 

According to P. Shaw, a spokesman for the Alberta oil sands 
project, the consortium would build and operate the 
pipeline, but would also make space available to other 
operators. Shaw added, however, that there are no plans to 
expand the upgrader's capacity allowing it to refine bitumen 
from additional sources. 

The crisis in the Middle East has kept Shaw busy discussing 
the viability of the oil sands project with politicians. The 
crisis has resulted in extremely high prices for a barrel of con-
ventional crude oil, once again emphasizing the need for 
energy self-sufficiency.

the fact that the federal government withdrew previous com-
mitments to finance $1.6 billion of the $4.1 billion project. 
Alberta's energy minister continues to seek additional fund-
ing from other sources. 

Another influential factor is stable oil prices. The 
OSLO group says it expects the price of oil to stabilize in the 
range of US$18 to $20 a barrel, while the group's goal is to 
produce synthetic crude for $10 a barrel. 

Various measures to lower the project's costs are currently 
being examined. OSLO is experimenting with a warm water 
extraction process to replace hot water. Costs could also be 
cut by using a high conversion hydrogen upgrading process 
instead of conventional carbon extraction. 

OSLO's first cost-cutting measure was the decision to move 
the upgrader site to Edmonton, instead of 60 kilometers 
north of Fort McMurray. 

TEXACO SAYS McKTFrRICK WOULD BE PROFITABLE 
AT CURRENT OIL PRICES 

Speaking at a recent meeting of the American Petroleum In-
stitute, E.G. Yates, senior vice president of Texaco Inc., 
revealed that Texaco is again considering ways to recover the 
heavy oils located in the McKittrick field. Located in 
California's San Joaquin Valley, these huge diatomite 
deposits are saturated with 1 billion barrels of heavy oil. 

It was the (Jetty Oil Company that rust began to develop a 
plan for commercial production from the reserves in the 
McKittrick field. Getty spent millions on experimentation 
and pilot projects at the site, finally concluding that a retort-
ing plant based on the Lurgi sand cracker process was the 
best method to extract the oil. 

In 1984, Texaco acquired the project when it purchased 
Getty Oil. At McKittrick the oil-rich diatomite lies on the 
surface in some areas and is found under as much as 250 feet 
of overburden in others, while extending to a depth of as 
much as 1,200 feet below the surface. 

According to Yates, world oil prices will be a determining 
factor in Texaco's decision-making process involving develop-
ment of the McKittrick reserve. However, if prices for oil 
fall as anticipated, the proposition would again be shelved. 

1'here are so many economic factors that influence the ad-
vancement of a project like this," said Shaw. One of these is

- 
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CORPORATIONS 

MIDEAST CRISIS PROVIDES AT LEAST A TEMPORARY 
LIVE TO OIL SANDS PROJECTS 

Although the profits of operating oil sands plants will be 
greatly increased by the jump in oil prices which occurred in 
August, there are few signs yet that long-term investments 
will follow. 

Before the events of August, the Canadian Federal Govern-
ment had already agreed to contribute $45.5 million toward 
completion of the conceptual engineering phase for the 
Other Six Leases Operation (OSLO) in northern Alberta. 

The government is paying 35 percent of the engineering 
feasibility phase of OSLO to a maximum of $45.5 million. 
Federal financial assistance for the construction and opera-
tional phases of the project was withdrawn in the 
February 20 budget. Engineering studies on the project will 
continue until December 31, 1991. Project backers still hope 
that construction on the $4.5 billion project may get under 
way soon after. The latest redesign of the OSLO project has 
brought operating costs for the complex plant down to about 
$10 per barrel of synthetic oil and could make the project 
economic if oil prices are sustainable in the $18 to $20 per 
barrel range. 

At Suncor, prices received for syncrude almost doubled be-
tween July and September. Because of the volatility, 
however, there are still no plans to restart Suncor's 
suspended capacity expansion project, originally slated to in-
crease synthetic oil production by 18,000 barrels per day by 
1991. 

Similarly, at Syncrude Canada, a proposed 50 percent expan-
sion project to add 80,000 barrels per day is still on hold. 
Design of the $4 billion expansion project has been com-
pleted and it has been approved by the Alberta Energy 
Resources Conservation Board. 

All three projects, OSLO, Suncor and Syncrude, are in posi-
tion to move ahead if and when financing can be assured. 
Unfortunately, the unpredictability of Middle East oil sup-
plies makes financing as difficult as ever. 

#1## 

UNIVERSITY OF UTAH GETS $723,000 FOR TAR SANDS 
RESEARCH 

The University of Utah Department of Fuels Engineering 
has been awarded $723,000 in federal funds to continue 
developing commercial processes for producing synthetic 
crude oil and other products from tar sand.

The project is headed by A.G. Oblad. He is assisted by 
several co-investigators in fuels engineering, metallurgical 
engineering and chemical engineering. 

The fuels research team has obtained matching funds from 
the university and has requested similar assistance from state 
agencies. 

Over the past decade, University of Utah researchers have 
developed both water-based extraction processes and 
separate thermal processes for recovering bitumen from the 
vast tar sand deposits at numerous locations in Utah. The 
university team has received nearly $2 million in federal, 
state and university funds in the last few years to expand 
their work. 

According to a study conducted in the late 1970s by the Utah 
Geological and Mineral Survey, Utah has between 90 and 
95 percent of the nation's mapped reserves of oil-
impregnated sandstone with a potential of 25 to 30 billion 
barrels of crude oil. 

Along with studying various extraction and separation 
methods, University of Utah engineers and scientists are 
making quantity and quality comparisons and investigating 
methods of refining the bitumen into normal crude oil and a 
premium-grade asphalt for road repairs. The University 
program has also produced more than 30 graduate en-
gineers, with master's and Ph.D. degrees. 

Several refiners are said to have expressed recent interest in 
the possibility of producing synthetic crude oil from tar sand. 
Additional federal funding and backing from private industry 
are being sought to expand the technology to a commercial 
level. 

Ile university is preparing a cooperative research proposal 
which they hope will attract funds for operating a 100 ton per 
day pilot plant. 

AMOCO DRILLING FOR PRIMARY PRODUCTION 

As of early September, Amoco Canada Petroleum Company 
Ltd. announced that its drilling program in the Elk 
Point/Lindbergh heavy oil area of east central Alberta, 
Canada was on schedule, with 39 out of a planned 51 wells 
drilled to that date. The company drilled a total of 27 wells 
in the area in 1989. 

According to W. Heth, Amoco's North Division vice presi-
dent, 'These are largely 600 to 700 meter extension and in-
fill wells, using a variety of drilling techniques.' The com-
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BP officials will not rule out the possibility of a future sale, 
but say they will continue with their current strategy in-
definitely. 

pany has drilled slant holes, deviated holes, and a number of 
conventional wells. 

Once completed, the wells are placed on primary production 
to economically produce a portion of the oil in place. The 
company says it has no immediate plans for steaming the 
wells to further increase production because of the unstable 
price environment. Production from Amoco-operated wells 
in the area is currently about 18,500 barrels per day, up from 
15,000 to 16,000 barrels per day in 1989. 

Amoco's activity has not been limited to Elk 
Point/Lindbergh. Earlier in the year, Amoco drilled two 
wells in the Wabasca area and also planned to drill two wells 
at Primrose. The two Primrose wells are to assist final en-
gineering design for further technology related expenditures 
planned for early next year. The company plans to spend 
approximately $6 million at Primrose in early 1991. 

Once negotiations with the provincial government have been 
completed, Amoco will drill 16 wells in the Soars Lake area 
near Bonnyville. This program is expected to proceed before 
year end. 

Heth said Amoco Canada is committed to the development 
of bitumen resource by proceeding with primary develop-
ment, and will continue to develop new technology to make 
enhanced recovery economic even in a volatile price environ-
ment. 

B? DROPS PLANS TO SELL WOLF LAKE 

BP Canada has taken its 50 percent interest in the 
C$450 million Wolf Lake bitumen production facility off the 
market. Instead the company will continue to operate the 
facility while seeking a third partner to join BP and Petro-
Canada. 

Low prices for bitumen and high production costs con-
tributed to BP's decision to sell Wolf Lake in 
September 1989. Wolf Lake production costs were reported 
to be almost C$22 per barrel, while bitumen prices fell to a 
low of C$8.19 per barrel in 1988. 

B? initiated a program to reduce Wolf Lake costs, which in-
cluded laying off 120 workers, making improvements in 
process efficiency, and operating the plant at about 
50 percent of capacity. These economic measures cut operat-
ing costs by 25 to 50 percent to about C$15 or C$16 per bar-
rel. 

With the crisis in the Middle East, the price for Alberta's 
heavy oil jumped to nearly C$26 per barrel. The combina-
tion of lower operating costs and a higher price for bitumen 
led B? to its decision to retain its interest in the Wolf Lake 
project.

Now that a sale is no longer imminent, B? expects to begin 
experimental testing of combustion technology at the facility. 
Officials say they are in the final stages of negotiating an 
agreement with the Alberta Oil Sands Technology and 
Research Authority. B? is not considering expansion and 
will be cautious about future oil sands development. 

CHEVRON BUYS TEXACO CANADA OIL SANDS 
INTERESTS 

Texaco Canada's Steepbank holdings in the Athabasca oil 
sands have been purchased by Chevron Canada Resources. 
The lease is located approximately 50 kilometers northeast 
of Fort McMurray. 

Chevron's acquisition of 19,981 hectares of the undeveloped 
lease and 50 percent ownership of a natural gas pipeline 
comes with a price tag of $10 million as well as a 2 percent 
interest in future commercial development. 

A Texaco spokesman characterized the deal as a trade off of 
"long-term assets for short-term opportunities, such as ex-
ploration and acquisitions." Texaco's before tax gain will be 
$9.6 million from the sale of the lease. 

###1 

SUNCOR OIL SANDS GROUP SHOWS INCREASE IN 
THIRD QUARTER PROFITS 

The Oil Sands Group of Suncor Inc. reported earnings of 
$20 million for the third quarter of 1990, an increase over the 
$14 million reported for the same period in 1989. The im-
proved profits were credited to higher prices for synthetic 
crude oil, which was partially offset by lower production of 
syncrude resulting from a maintenance shutdown. 

Nine-month earnings were $21 million, compared with 
$30 million for the first nine months of 1989. The reduced 
earnings were primarily due to lower synthetic crude produc-
tion, according to Suncor. 

Since resuming full production in mid-July, the Oil Sands 
Group has returned to the high daily production levels 
achieved prior to the maintenance shutdown. Production in 
this period averaged 60,000 barrels per day. 
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ECONOMICS 

COUNThRFLOW REACTOR SHOWS ECONOMIC 
PROMISE FOR UPGRADING AND COPROCESSING 

In 1984, Canadian Energy Developments Inc. (CED) had an 
extensive feasibility study performed to evaluate upgrading 
options for the vast energy resources (heavy oil and coal) of 
Alberta. Upgrading options considered were: heavy oil 
upgrading, coal liquefaction and coprocessing. At a certain 
price for heavy oil, the feasibility study concluded that 
1) coprocessing is economically slightly more attractive than 
heavy oil upgrading, 2) a heavy oil upgrading facility requires 
approximately 10 percent less capital than a coprocessing 
facility, and 3) coal liquefaction has the lowest return on in-
vestment and requires about 75 percent more capital to be 
built. Based on these conclusions the feasibility study recom-
mended that for the overall development of the energy 
resources of Alberta, coprocessing would be the more 
favored option for a commercial facility. 

CED therefore decided to embark on a research and 
development program to develop its own coprocessing tech-
nology. This effort was summarized by CED's Di. Berger at 
the American Chemical Society 200th National Meeting held 
in Washington, D. C., August 26-31. 

During the past 4 years, CED performed extensive a-
perimental work on both a Bench Scale Unit (BSU) and a 
Process Development Unit (PDU). The following coprocess-
ing technologies were evaluated: 

PYROSOL technology - i.e., hydrogenation plus 
coking process 

- Co-current upflow bubble reactor technology 

- Counterfiow reactor (CFR) technology 

Based , on the experimental results, CED selected the CFR 
technology for scaleup to a commercial facility. 

Process Description 

The CFR technology is a single stage hydrogenation process 
operating at conditions which promote coal solubilization, 
solubilized coal and heavy oil hydrogenation and hydrocrack-
ing in a single reactor. As the name implies, the CFR fea-
tures a downward flowing coal/heavy oil slurry in contact 
with a counter-current make-up plus recycle hydrogen 
stream. CED's German partner, Gesellschaft fur Koh-
leverflussigung mbH (01K), has operated a continuous PDU 
(8 kilogram per hour coal/heavy oil feed slurry) using the 
CFR technology for more than 10,000 hours since the second 
half of 1987. Individual runs lasted for up to about 700 to 
800 hours. 

In the CFR technology, the coal and heavy oil are slurried, 
pumped to reactor pressure and preheated to 150 to 2500C

prior to being charged to the top of the reactor. Recycle and 
make-up hydrogen is preheated to 400 to 450°C and injected 
into the bottom of the reactor. The exothermic heat of reac-
tion is used to raise the incoming feed slurry to reaction tem-
perature. Solubilization of the coal occurs in the topgortion 
of the reactor at a temperature of approximately 400 C, and 
hydrogenation/hydrocracicing takes place in the math reactor 
zone at temperatures of 445 to 455"C. Reactor pressure is 
2,600 to 2,900 psig. 

Hydrogenation products are vaporized as they are formed 
and are withdrawn from the top of the reactor, cooled, con-
densed and separated in a cold separator. The condensed liq-
uid product, a full range distillate hydrocarbon product, is 
transferred to the secondary upgrading reactor. The 
hydrogen rich gas stream is scrubbed and recycled. 

Unconverted heavy oil/solubilized coal and unreacted coal 
flow downward in the reactor, counter-current to the upward 
flowing hydrogen to promote solubilization of the coal and 
hydrogenation of the coal and heavy oil. The highest 
hydrogen partial vapor pressure exists at the bottom zone of 
the reactor where needed to promote conversion of coal and 
heavy oil fractions that are the most resistant to 
hydrogenation/hydrocracking. A slurry stream containing 
unconverted residuum and unreacted coal and ash is 
withdrawn from the bottom of the reactor, depressurized in 
the let-down system and charged to a vacuum flash unit. 

When processing typical Cold Lake vacuum residue and Al-
berta subbituminous coal, total distillable oil yields of 70 to 
74 weight percent are consistently achieved (Table 1) with a 
hydrogen consumption of 2.9 weight percent. The distillate 

TABLE 1

OVERALL MATERIAL BALANCE FOR CFR-PDU 

Heavy Oil	 Coal/Heavy Oil 
Hydrogenation	 Coprocessina 

Feeds, Wt.% 
Vac. Resid. 96.1 67) 
Coal (DAF) 3.9 32.7 
112 Consumption 1.9 2.9 

Product; Wt.% 
Oil Yield <480°C 83.5 73.7 
C2-C Gas 
Prod.2Water

7.6 10.2 
0.4 4.0 

CO, CO2, 11,5 3.8 4.1 
Bitumen >4R0 °C 6.4 9.4 
Unconverted Coal 02 13

Wt.% Conversion 
(+4809C)	 913	 87.0 
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product is a full range product containing, on average, 
30 percent naphtha, 40 percent middle distillate and about 
30 percent vacuum gas oil (VGO). 

Most reactor technologies produce about the same total dis-
tillable oil yield and the same product distribution. Berger 
says the CFR, however, has significant advantages with 
regard to its operation and reliability which are the direct 
consequence of the counterflow concept used in the process. 
These include:

TABLE 2 

FEEDSTOCK AND PRODUCT QUANTITIES 
FOR COMMERCIAL FACILITY 

Feedstocks
5,000 m3 /d Heavy Oil (Diluted) 

Heavy Oil (Diluent Free) 3,500 m3/d 
Coal 2,200 t/d 
Natural Gas 972,000 Nm /d 

-	 No settling problem 
-	 Low superficial gas velocity Products 
-	 Low scale-up risk Synthetic Crude Oil 3 4,450 m /d 
-	 Recovery of exothermic heat of reaction Electricity 22 MW 
-	 No external hot separator Propane 200 m /d 
-	 Low capital and operating costs Sulfur 138 t/d 

Feasibility Study for Commercial Facility
Ammonia 
Diluent (Recycled)

30 t/d 
1,500 m3/d

Kilburn Inc. performed a technical and economic feasibility 
study for a grass-roots commercial coprocessing facility for a 
suitable location in Alberta. The facility was designed to 
process Cold Lake heavy oil and Vesta Mine subbituminous 
coal and to produce 28,000 barrels per day of synthetic crude 
oil (Table 2). 

Total estimated capital costs are $671 million (1989). 

Total estimated annual revenue of $206 million per year is 
based on 320 operating days per year. 

Total estimated operating cost is $129 million per year 
(Fable 3) and includes the costs of feedsto&s, operating and 
maintenance labor, maintenance parts, utilities, catalysts and 
chemicals, local taxes and insurance. 

A financial and sensitivity analysis was prepared on the basis 
of a 32 year project life including a 7 year demonstration,

engineering and construction period plus a 25 year operating 
period. A sensitivity analysis considered variations in the 
type of financing, in capital cost, in price forecasts, in the oil 
yield and in interest rates. 

The result of this sensitivity analysis is shown in Figure 1, on 
the next page. For each of the financing options 
(100 percent equity or 60/40 debt/equity) the upper line 
refers to a constant percent price differential and the lower 
line refers to a constant dollar price differential between 
heavy oil and synthetic crude oil. In any case, the results indi-
cate that a commercial coprocessing facility is economically 
attractive with normal debt/equity financing methods at syn-
thetic crude oil and bitumen price differentials that are only 
marginally above current differentials. Furthermore, rates of 
return of 20 to 22 percent are realized at current differen-
tials. 

TABLE 3

ANNUAL OPERATING COSTS

Operating Cost 
Quantity	 Price	 $K/Yr (1989) 

Feedstocks 
Heavy Oil 
Coal 
Natural Gas 

Other Operating Costs 
Pipeline Tariffs 

Total Estimated Operating Cost

3,500 m3/d
2,200t/d

970,000 Nm3/d

	

$53.90/m3	 60,370 

	

15.00/t	 10,560 

	

0.05/Nm3	 15,500 
36,180 

7.010 

129,670 
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TECHNOLOGY 

BOREHOLE MINING SAID APPLICABLE TO 	 - Pumped high pressure water is forced through this 
TAR SANDS

	

	 nozzle, impacting and eroding the mineral-



containing matrix, forming a slurry. 
Borehole mining techniques offer an economical and environ-
mentally sound method for recovering tar sands resources, 	 - The slurry formed is removed from the cavity 
according to M.F. Dibble, a consulting engineer in Lakeland, 	 through another internal pipeline and is elevated to 
Florida.

	

	 the surface from the bottom of the cavity, for subse-



quent processing. 
In the borehole slurry mining process the surface is left undis-
turbed. Only the recoverable mineral is moved and no per- 	 The waste resulting from the processing can be 
manent surface waste disposal is required. Figure 1 il- 	 dewatered and pumped, as high solids slurry, back 
lustrates the borehole mining process. 	 into the cavity resulting from slurry mining. 

Dibble describes the basic operating principles of borehole 
mining as follows: 

A hole is drilled from the surface to the bottom of 
a mineral horizon, with a casing set to the required 
depth above that zone. 

A multi-conduit pipe string or slurry mining unit, 
controlled from the surface is lowered into the hole 
with one of its internal pipes used for transporting 
water to a controllable horizontal nozzle at the 
level of the mineral zone.

One major advantage of borehole mining is that no overbur-
den has to be moved, says Dibble. The borehole allows selec-
tive mining of the desired mineral while avoiding handling 
and rehandling of waste materials. 

The borehole slurry mining process allows mining to start at 
the bottom and work up. The valuable material immediately 
above is washed down into the cavity by the water jet for 
removal. Once the top of the target material is reached, and 
practical cavity radius is achieved, mining, in that particular 
hole, is stopped and equipment moved to the next site. 

FIGURE 1 

THE BOREHOLE MINING PROCESS 

(A) HOLE DRILLING	 (B) 
MINING 

OPERATION	 (C) 'bilE CLAY S SAND	 (03 HOLE PLUGGING AND 
AND CASING	 OACKFILLING	 CASING REMOVAL 

SOURCE: M.F. DIBBLE
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Backlilling the cavity with process waste can begin im-
mediately after mining. This backfilled material provides 
structural support for the cavity roof. With the cavity back-
filled and the drilled hole plugged, no surface disturbance 
would be apparent. 

Another advantage is that borehole mining can operate very 
well in a flooded environment, says Dibble. Water is in-
jected into the cavity through the cutting jet nozzle. The 
resultant slurry volume must exit the cavity up the slurry 
pipeline from the bottom of the cavity. The combination of 
suction lift from a surface mounted pump and the resistance 
to alternative discharge by the gravity head on the cavity 
overflow forces this to occur, as shown in Figure 2. 

The system operates like a "U" tube with no break in the 
water column from the surface injection pump to the slurry 
pump discharge point. The water in the resultant slurry is 
separated from the solids and recycled through the water jet 
nozzle.

the cavity. It can be removed either as high solids slurry 
from the lower part of the cavity through the surface 
mounted slurry pump suction, or as low solids slurry from 
the top of the cavity through the annular region between the 
mining system piping and the casing. The overflow or under. 
flow option is selected by how the standpipe is incorporated 
as well as the surface mounted slurry pump. This system 
reduces the need for an eductor lift pump when the under-
flow option is used. 

A new borehole system prototype design features the built in 
capability of reversing the discharge flow direction during 
continuous operations. If, for example, the agitation created 
by the cutting jet pressure causes the desirable component to 
be sheared and separated from the mass of the matrix, the 
operating cycle could be reversed. The design calls for 
restricting the casing overflow by use of a standpipe, forcing 
the higher solids to leave the cavity from the bottom in slurry 
form through the suction lift of a surface mounted slurry 
pump. 

If the minerals to be recovered have a significantly lower 
specific gravity, different shape, or are finer in size than the 
bulk of the non-mineral solids, the resultant slurry in the up-
per portion of the cavity could contain higher values than the 
lower, high solids section. The operation could be easily 
reversed to recover these values from the overflow stream. 

Once a lower cavity is formed, to allow for expansion the 
relative volumes discharged could be switched. The bulk of 
the water-solids mixture, resulting from the cutting jet flow, 
containing the sheared or liberated, high value component 
could be removed via the annular region between the mining 
tool and the casing instead of the normal slurry conduit. The 
cavity underfiow can be stopped by shutting down the sur-
face slurry pump and eliminating the head differential by 
bypassing the stand pipe. By liberating the mineral to be 
recovered from the sand solids by agitation and recovery in 
the overflow, the coarser stripped sands will settle. By using 
this method a significant percentage of the barren sands 
could be left in the cavity. 

The possibilities offered by borehole mining with this built in 
flexibility are said to be numerous. The application of 
borehole mining does not have to be restricted to hard 
minerals, says Dibble. Hydrocarbons, in a sandy or porous 
matrix such as tar sands, heavy oil sands, or pumped out shal-
low oil horizons could be recovered. The agitation action 
can be created by water only, or by use of any suitable sol-
vent mixture to assist in hydrocarbon separation from the 
host material.

##fl 

By operating in a flooded environment the water added 
through the cutting jet nozzle has only two avenues to exit
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MODEL DEVELOPED FOR HEAT PIPE COUPLED 
PYROLYSIS SYSTEM 

At the University of Utah an energy-efficient, heat pipe 
coupled thermal method for the extraction of bitumen from 
tar sands has been under development for several years. A 
recent paper, given by J.D. Scader and CJ. Coronella at the 
1990 Eastern Oil Shale Symposium in Lexington, Kentucky, 
describes process modeling efforts. 

In the modified process, two fluidized beds are used to 
process tar sands: the first for pyrolysis and cracking of the 
bitumen to a vapor product and the second for the combus-
tion of the residual coke. However, instead of recycling huge 
amounts of hot sand from the second fluidized bed to the 
first bed, heat is transported between the two beds by an ar-
ray of heat pipes. 

A schematic diagram of the process is shown in Figure 1. 
Prepared tar sand is fed into the pyrolysis bed lg a screw 
feeder. This bed is maintained at 440 to 500 C and is 
fluidized by an appropriate gas, such as recycle gas from the 
product recovery step. Gaseous effluent, formed from 
vaporized and partially cracked bitumen, is partially con-
densed and separated into gaseous and liquid products. The 
pyrolyzed bitumen leaves behind a layer of coke on the sand 
particles. This coked sand is fed into the second fluidized 
bed, which operates at a higher temperature, 550 to 6000C. 
This combustion bed is fluidized by air at a rate sufficient to 
supply more than an adequate amount of oxygen for the com-
bustion of the coke. 

An array of vertical heat pipes, immersed in both beds, 
rapidly transfers the heat from the first-stage combustion 
bed to the pyrolysis bed. 

Under normal operating conditions, the particles in fluidized 
beds are well mixed throughout the bed. Hence, the 
residence-time distribution of particles leaving a fluidized 
bed by the discharge pipe will be quite wide, taking values 
from near zero to infinity. This presents a problem in the 
combustion zone, since all the coke must be burned off the 
sand to help maximize energy recovery and to make the sand 
environmentally acceptable for return to the ground. There-
fore, a third fluidized bed is proposed to complete the coke 
combustion with a significantly reduced residence time. The 
bed operates adiabatically, and therefore gives rise to a 
faster combustion rate than that in the first-stage combustion 
bed. 

A heat recovery unit is the final stage of the process. Heat is 
transferred from the spent sand to the fluidizing gas in one 
step, and steam is produced in the second step. These steps 
further increase the energy efficiency of the process. 

In order to accurately scaleup and optimize this process, an 
in-depth mathematical model has been under development 
for computer simulation. A comprehensive model of the 
combustion beds has been completed, and the task of model-
ing the rest of the process is under way.

FIGURE 1 
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According to Seader and Coronella, their calculations show 
that the coke will combust at a sufficient rate to allow for 
high conversion as long as the oxygen is supplied at a rate in 
excess of the stoichiometric requirement. 

Figure 2 (on the next page) presents fractional coke conver-
sion in the second-stage combustion reactor as a function of 
cumulative residence time in both reactors for base case 
operating conditions. A mean residence time of 
6,300 seconds is required for 99 percent coke conversion in a 
single fluidized bed. However, in two reactors in series, the 
same conversion can be achieved with a residence time in 
the first reactor of 1,500 seconds and in the second reactor, 
150 seconds, for a cumulative residence time of only 
1,650 seconds. Despite the reduced mean residence time, 
coke conversion in the first-stage reactor remains high at 
95 percent, ensuring an adequate supply of heat for the 
pyrolysis reactor. It is not possible to operate a fluidized-bed 
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reactor (in the bubbling regime) with such a small mean 
fsidence time of 150 seconds, but this serves to demonstrate 
the dramatic increase in conversion achieved by two beds in 
series.

FIGURE 2 
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#011 

EXTRACTION PROCESS BASED ON ISOPROPYL 
ALCOHOL PATENTED 

United States Patent 4,929,341, "Process and System for 
Recovering Oil from Oil Bearing Soil Such as Shale and Tar 
Sands and Oil Produced by Such Process," has been issued to 
MJ. Thirumalachar et at. and assigned to Source Technology 
Earth Oils Inc. 

First Configuration 

In accordance with one aspect of the invention, oil bearing 
soil, such as oil shale or tar sands, is contacted in a contact-
ing zone with a liquid medium comprising water and a 
lipophilic solvent which is also miscible or soluble with 
water. The contacting produces an emulsion which com-
prises the oil from the oil bearing soil and the liquid 
medium. The inorganic portion of the soil is dispersed in the 
emulsion and it is separated from the emulsion by gravity or 
other suitable means. The emulsion is then broken by an 
emulsion breaking agent into two phases. The two phases 
are allowed to separate into two layers. The first layer com-
prises the oil and some liquid medium. The second layer 
comprises the liquid medium and some oil. The first layer is

then recovered. The medium from the second layer can be 
recycled into the contacting zone. In an alternative, the inor-
ganic portion of the soil can be separated and removed after 
the emulsion is broken. 

Second Configuration 

In accordance with another aspect of the invention, oil bear-
ing soil is contacted in a contacting zone with a liquid 
medium comprising water, a lipophiic solvent which is mis-
cible or soluble with water, and a yield improving agent com-
prising a soluble ionic salt or a soluble ionic acid. Unexpec-
tedly superior results are obtained when isopropyl alcohol is 
used as the solvent, especially with a yield improving agent. 
Unexpectedly good results are achieved when the yield im-
proving agent is ammonium sulfate, especially if the amount 
of ammonium sulfate is at or near the saturation point. Un-
expectedly good results are also achieved when the solvent is 
acetone, and when the solvent is ethyl acetate and the yield 
improving agent is sulfuric add. 

The inorganic portion is separated from the emulsion. The 
emulsion is then broken by an emulsion breaking agent and 
the resulting two phases are allowed to separate from each 
other into two layers. If the yield improving agent is at or 
near the saturation point of the medium, the emulsion break-
ing agent can be additional solid ionic salt, preferably of the 
same type as the yield improving agent. The inorganic por-
tion can also be separated after the emulsion is broken. 

The first layer comprises the oil, minor amounts of the 
medium and minor amounts (if any) of the inorganic por-
tion. The second layer comprises the medium, minor 
amounts of the oil and minor amounts (if any) of the inor-
ganic portion. The first layer is then recovered and the 
second layer can be recycled to the contacting zone. 

A schematic flow diagram of the process is shown in 
Figure 1, on the next page. 

Third Configuration 

In accordance with a third aspect of the invention, tar sand is 
contacted with successive liquid mediums. In the first step, 
tar sand is contacted in a first contacting zone with a first lit 
uid medium comprising water, a solvent which is not miscible 
or appreciably soluble with water, a surfactant and a non-
caustic alkali compound all intimately mixed to form a phase 
emulsion. The first  liquid medium and bitumen released 
from the tar sand are separated from the sand, followed by 
separation of the bitumen and solvent from the aqueous por-
tion of the separated liquid. The bitumen is recovered and 
the solvent may be recycled. The aqueous portion, contain-
ing the surfactant and non-caustic alkali compound, may also 
be recycled. 

The sand left from treatment in the first contacting zone is 
treated in a second contacting zone with a second liquid 
medium comprising water, a surfactant and a non-caustic 
alkali compound. The second liquid medium and additional 

SYWFHETIC FUELS REPORT, DECEMBER 1990 
3-12 



FIGURE 1 

FLOW DIAGRAM OF ISOPROPYL ALCOHOL BASED PROCESS 
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recovered bitumen are separated from the sand. The 
bitumen is recovered and the second liquid medium may be 
recycled. The resulting sand may be contacted again with 
the second liquid medium and this step of the process 
repeated one or more times, each time recovering the 
bitumen and, if desired, recycling the liquid medium. 

Figure 2 (on the next page) depicts a flow diagram of the 
process. 

Operational Aspects 

It is believed that upon contacting with the oil bearing soil, 
the heterogeneous liquid medium disrupts the bonding 
within the kerogen-silicious system structure. As a result, oil 
is freed and attracted to the molecules of the medium. Since 
the medium contains water, the release of the oil into the 
medium creates an emulsion. 

The inorganic portion of the oil bearing soil, dispersed 
throughout the emulsion, can be separated by gravity or 
other suitable means. 

The process is said to offer numerous advantages over those 
of the prior art. One major advantage of the process and sys-
tem is that they are inexpensive when compafed with the 
prior art. The medium used in the process is inexpensive be-
cause its primary ingredient is water. Since the process can

be operated at ambient temperatures and pressures, the re-
quired equipment is inexpensive. The process is also inexpen-
sive to operate as it requires minimal amounts of energy. 
Very little or no heat need be supplied to carry out the 
process and the only other energy is supplied to pump liquids 
and to effect mixing. Costs for disposal of solids are com-
paratively lower than for other processes because the spent 
oil bearing soil does not need to be treated to support vegeta-
tion. Unlike waste from many processes, the spent oil bear-
ing soil from the process is generally close to neutral in pH 
and will support vegetation. 

Particularly superior results are achieved when the solvent is 
isopropyl alcohol. Good results are also achieved when the 
solvent is n-butanol. Other higher alcohols including iso-
butyl alcohols, amyl alcohols, and ethyl and methyl alcohol 
can be used. 

Tests have been carried out on oil shale; oil sand from 
Bakersfield, California; tar sand from the Athabasca deposit 
in Canada; tar sand from Kentucky; and diatomaceous tar 
sand from McKittrick, California.

- 
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FIGURE 2 

MULTI-STAGE VERSION OF EXTRACTION PROCESS 
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NEW VAPEX PROCESS TARGETS HEAVY OIL 
RECOVERY 

There are extensive deposits of heavy oils in Saskatchewan 
and Alberta, Canada which can only be recovered with a low 
recovery efficiency by conventional methods. Primary 
recovery in the best of these heavy oil reservoirs can yield 
about 6 percent of the original oil in place. Waterilooding 
can improve the recovery but only to an extent of 1 to 
2 percent because of the adverse mobility ratio. 

A new approach has been proposed by R.M. Butler and 
IJ. Mokrys of the University of Calgaiy. This new recovery 
concept is closely related to the Steam-Assisted Gravity

Drainage (SAGD) Process. In the SAGO process, a growing 
steam chamber forms as steam is injected into the reservoir 
and steam flows continuously to the perimeter of the cham-
ber where it condenses and heats the surrounding oil. The 
heated oil drains, driven by gravity, to a horizontal well lo-
cated at the base of the reservoir. This process is effective 
and can be economic if the steam requirements are not too 
high. The steam requirements can become excessive in thin 
reservoirs where the vertical heat losses above and below the 
reservoir tend to be high and also in low permeability car-
bonates where the reservoir heat capacity per unit volume of 
contained oil is high. 
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According to Butler and Mokrys, one potential means for 
overcoming the problem of heat loss is to use solvents in 
place of heat to mobilize the oil. Rather than lowering the 
viscosity of the oil by heating, dilution with a solvent is used 
instead. In technical papers, Butler and Mokrys have shown 
that the recovery mechanism using solvents is very similar to 
that found with steam. Whereas with steam it is necessary 
for heat to diffuse into the reservoir by thermal conduction, 
the process with solvents involves molecular diffusion. 

The rate at which the recovery process occurs with a liquid 
solvent is slower than with steam because molecular dif-
fusivity is smaller than thermal diffusivity and because there 
is a smaller density difference between the diluted oil and sol-
vent than between the heated oil and steam, and therefore a 
smaller potential gradient for flow. 

An idea for reducing these obstacles is to use a solvent which 
is introduced in the vapor form but which, because it is close 
to its dew point at reservoir conditions, is highly soluble in 
the oil. If such a process is carried out at reservoir tempera- 
ture, the volume originally occupied by the displaced oil is 
left filled with low density solvent vapor. Much of this 
residual solvent can be recovered later by pressure blown-
down, and there are no heat losses involved. A schematic of 
the proposed process, named the Vapex process, is shown in 
Figure 1.

In a paper delivered before the Canadian Society of 
Petroleum Engineers, Butler and Moknjs have developed the 
idea of using warm vaporized solvents further. The reservoir 
is warmed by hot water injected simultaneously with propane 
vapor. This results in a laterally-spreading chamber in which 
vapor replaces the drained oil. 

The mechanism of the process is illustrated in Figure 1. The 
essential features are as follows: 

Following hot water/propane injection into the reservoir, an 
initially vertical solvent vapor chamber is formed between 
the injector and the producer. Within this chamber the sol-
vent is recycled by evaporation from the diluted draining oil 
which is heated by the hot water. The warm propane vapor 
rises countercurrently to the draining water and increases its 
temperature as it comes in contact with hotter water near the 
top of the reservoir. It then moves to the far reaches of the 
chamber where it dissolves in the cold undiluted reservoir 
oil. 

The vapor chamber spreads laterally. The oil-solvent inter-
face becomes stabilized by gravity and acquires its charac-
teristic S-shape for each half of the chamber. The drainage 
is controlled by molecular diffusion of solvent vapor into the 
bitumen through the irregular, deviating pores of the matrix. 

FIGURE 1 

MECHANISM OF VAPEX PROCESS 
OVERBURDEN	 .- INJECTION OF PROPANE VWOUR AND HOT WATER 

VAPOUR CON)ENSATIC 
INTO THE OIL SURFACE	 SOLVENT VAPOUR CHAMBER

INTERFACE 

PROPANE EVAPORATION ON	 :. 
CONTACT WITH HOT WATER	

p	 DRAINING PATH OF DILUTED WARM OIL 

ZPROOIJCIION OF OIL ,WATER AND PROPANE ¶WOIJR 
UNDERBURDEN 

SOURCE: BUTLER AND MOKAYS 

Preliminary experimental work using a Hele-Shaw cell and 
propane showed that, if this process were performed at the 
reservoir temperature then, although the rate of oil produc-
tion would be much higher than that with liquid solvents, it 
would still be lower than that required for an economic 
operation. However, it was also shown by the experiments 
that if the reservoir temperature could be raised to only 
40 to 500C, then the process would proceed at a faster rate 
while heat losses would still be vastly lower than those for 
conventional steam recoveries.

The function of the hot water is twofold: it heats the reser-
voir and lowers the oil viscosity in the process; this heating 
also releases propane vapor from warm draining oil for re-
use at the top of the vapor chamber. 

Although heat is used in the process, the quantity is small 
compared to that required for a comparable steam process; 
because the temperatures are low, the heat losses are low 
and this should allow economic operations in much thinner 
reservoirs.
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The lateral spread of the vapor chamber is made possible by 
the combination of continuous transport of heat to the 
perimeter of the chamber through the mechanism of solvent 
evaporation and condensation with the continuous removal 
of diluted oil by gravity drainage. The function of the sol-
vent (e.g., propane) is therefore also twofold: it dilutes the 
oil in the far reaches of the solvent chamber and it dis-
tributes the heat laterally away from the plane of injector 
and producer. As a result, a large expanse of reservoir can 
be drained from a pair of injection and production wells. 

The process of boiling off some of the solvent from the 
diluted draining oil sets up a small pressure gradient in the 
vapor phase which is sufficient to drive the re-vaporized sol-
vent towards the cold, undiluted oil at the perimeter of the 
vapor chamber. Some of the solvent eventually leaves the 
vapor chamber as solution gas and free gas. 

In order to maximize the solvent vapor contact with the reser-
voir, and therefore the rate with which the oil can be

recovered, both wells should be drilled horizontally, with the 
injector located above the producer. 

Laboratoiy experiments showed that drainage rates of the 
order of 0.1 barrel per day-foot could be anticipated in the 
field. Although somewhat lower than rates for steam. 
assisted gravity drainage, this value seems high enough for 
the process to be economically viable under some cir-
cumstances. 

The propane requirements in the experiments were of the 
order of 0.5 kilogram per kilogram of oil recovered for an oil 
recovery of 80 percent. Nearly all of the injected propane 
was recovered with the oil. It is anticipated that, with the 
development of the process, operation with a much lower 
recycle of propane will be achieved. 

tin 
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INTERNATIONAL 

VENEZUELA TO HIKE ORIMULSION ou'rpirr 

In order to increase production of its Orimulsion bitumen-
water emulsion boiler fuel, Venezuela's Maraven has an-
nounced plans to develop more productive capacity for 
bitumen and heavy oil in the Zuata area of Anzoatequi state. 

For the near term, Maraven's goal is 35,000 barrels per day 
of Zuata bitumen to produce 50,000 barrels per day of 
Orimulsion. For 1992, the goal is to produce 200,000 barrels 
of Orimulsion per day from 140,000 barrels of bitumen per 
day. By 1996, Maraven expects to have 400,000 barrels per 
day of bitumen available for the production of Orimulsion. 

#1## 

ORIMULSION COMBUSTION TESTS CARRIED OUT IN 
JAPAN 

Chubu Electric Power Company, Inc. (CEPCO) and Mit-
subishi Heavy Industries Company, Ltd. (MHI) jointly per-
formed research into the combustibility and flue gas treat-
ment of Orimulsion using a pilot plant. The test results were 
reported at the 15th International Conference on Coal and 
Slurry Technologies held in Clearwater, Florida earlier this 
year. 

Test operations were carried out from October 1988 to 
August 1989, consuming about 4,500 kiloliters of Oriinulsion 
in about 4,000 hours of operation. 

Orimulsion is a super heavy emulsion derived from Orinoco 
tar from Venezuela. The following points highlight the dif-
ferences between Orintulsion and normal heavy oils. The 
technical evaluation of each point was the object of these 
tests. 

- About 30 percent water and small amounts of addi-
tives are contained in Orimulsion. The stability of 
quality and combustibility are a concern. 

- Relatively large amounts of sulfur, nitrogen, ash, 
etc., are contained in Orimulsion. Research was 
required into flue gas treatment. 

Large amounts of vanadium and heavy metals are 
contained in Orimulsion. Research into the corro-
sion properties and anti-corrosion methods for 
Orimulsion was required. 

Fuel Handling Test 

Orimulsion used for this test spent about 14 months in a 
storage tank which resulted in no aggregation and no

deterioration in particle size or viscosity, etc., of the Orimul-
sion. Thus, Oriinulsion was confirmed to be a stable fuel. 

Combustion Test 

The following results were obtained from tests on varying 02 
concentrations of flue gas, air flow distribution to burner 
nozzle, etc. 

Orirnulsion gave favorable combustibility, stable 
ignitability and good flame holding. 

Additional Air (AS) flow rate variation tests show 
significant effects on NO reduction of increased 
AA flow rates. 

- Based on economizer outlet 02 variation tests, low 
02 operation comparable to that of heavy oil com-
bustion may be possible in practical plants. 

Research into ash deposits in the boiler were carried out. 
The following results were obtained: 

Ash deposits had a thickness of as much as 4 to 
5 millimeters in some places, but even at the fur-
nace bottom and at other locations, serious 
deposits and blocking were not observed. 

Ash deposits were mainly comprised of compounds 
of MgO, MgSO4, Mg-V-O composites and Na-V-0 
composites. Furthermore, the existence of iron sul-
fides along with iron oxides was observed in the 
lower layer of the ash deposit on the furnace tube 
test pieces. 

Most of this ash deposit had melting points of 
6600C or higher. 

Flue Gas Treatment Test 

During the test period, the performance of the flue gas treat-
ment system was measured. It was verified that the NO 
SO and dust concentrations at the inlet of the stack sufit- 
cierttly satisfied the expected values. 

Recommendations 

According to the researchers, items to be considered in 
designing practical plants, based on the pilot plant test 
results, are as follows: 

Stable storage for up to 1 year is possible. Hot 
water is preferable to steam to prevent breaking of 
Orimulsion in the heating process. 
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Orimulsion has characteristics similar to those of 
conventional high sulfur heavy oil with respect to 
excess air ratios and NO emissions. x 

Ash deposits on surfaces are more dense than 
those of conventional heavy oil and cause deteriora-
tion of heat transfer coefficients. Operation of 
suitable soot blowers is effective, according to the 
research report. 

For furnace wall tubes, sulfur corrosion in reducing 
atmospheres (needed for NO countermeasures) 
must be considered. 

Adhesive Orimulsion ash causes anxiety about ash 
clogging at the hoppers in the ash conveying line. 
It is necessary to carefully select hopper angles, in-
sulation, etc. 

Conclusions 

The authors of the report say that these tests have confirmed 
that Orimulsion has the equivalent handling properties and 
combustibility of heavy oils, making Orimulsion a stable fuel. 

The tests have also shown flue gas treatment requirements 
can be met by providing an equivalent treatment system to 
those of ordinary heavy oil firing thermal power plants even 
in Japan, which has the most severe environmental regula-
tions in the world.

tubes and that high temperature sulfur corrosion in 02 defi- 
dent areas of the burner zone must be considered. 

The creation of 02 deficient zones due to NO counter-
measures will accelerate this corrosion, says the report. 

nfl 

UNITAR TO DEVELOP WORLD CATALOG OF PILOT PROJECTS 

The UNITAR/UNOP Centre for Heavy Crude and Tar 
Sands has received approval from its Advisory Board to com-
pile a catalog of experimental in situ pilot projects in heavy 
oil and bitumen reservoirs. 

In the nod few months UNITAR will be seeking information 
on this subject. Inquiries or information should be directed 
to the following address: 

World Catalogue of Experimental Pilot Projects 
UNITAR/UNDP Centre for Heavy Crude and 
Tar Sands 

801 United Nations Plaza, 5th floor 
New York, New York 10017 
USA 

Data show that magnesium added to Oritnulsion has the ef-
fect of controlling the high temperature corrosion of boiler
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ENVIRONMENT 

SUSTAINABLE DEVELOPMENT PROGRAM PUSHED 
FOR ALBERTA 

In a speech before the Canadian Heavy Oil Association, 
R. Klein, Alberta's Minister of the Environment, said that 
"sustainable development is what will drive the growth of all 
industry in Alberta in the next decade ... indeed the next 
century." 

Sustainable development means ensuring that the use of 
resources today does not impair prospects for their use by fu-
ture generations. At the same time, he said, it recognizes 
that economic development is essential to societal well-
being. 

The United Nations sponsored World Commission on En-
vironment and Development urged governments, industries, 
businesses, and individuals to adopt the strategy of sus-
tainable development. 

The emergence of global issues, such as add rain, global 
warming, and ozone depletion, has emphasized the need to 
recognize that all economic activity depends on a healthy en-
vironment. It requires that long-term environmental impacts 
be looked at before development proceeds. According to 
Klein, sustainable development requires: 

Change in the exploitation of resources 

Change in the orientation of technological develop-
ment

Alberta is embarking on a program of economic develop-
ment at a time when protecting the environment is a primary 
concern, he says. 

Alberta has the opportunity to demonstrate how a resource-
based economy can achieve sustainable development in the 
areas of agriculture, forestry, tourism and energy. 

A major initiative to achieve this goal, he says, is the forma-
tion of the Alberta Round Table on the Environment and 
the Economy. The Round Table is a group of senior 
decision-makers from a broad cross section of society that 
will advise the government on how to integrate questions of 
economic development and environmental protection. In 
May, 1990 the Government of Alberta announced the ap-
pointment of 22 Albertans to the Round Table. 

"The oil industry has had to work harder and be more innova-
tive than most industries to win its resource of heavy oil," 
said Klein. Alberta's oil sands are the largest in the world 
and their geological environment is unique. "The result is 
that we are at the forefront of technology in heavy oil and oil 
sands recovery." 

In the course of the development of Alberta's heavy oil 
resource, two qualities will characterize the industiy tech-
nological and environmental problem-solving. "Advances in 
science now hold the promise of more efficient and environ-
mentally sound oil sands development," said Klein. 

- Change in the direction of investment
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RECENT PUBLICATIONS 

The following papers were presented at the 1990 Eastern Oil Shale Symposium, held in Lexington, Kentucky, November 6-8: 

Reynolds, JO., 'Trace Metals in Heavy Crude Oil and Tar Sands." 

Liang, W., et al., "Chemical Composition of Residua of Chinese Heavy Crude Oil." 

Fuhr, BJ., et al., "Properties of Asphahenes from a Waxy Crude." 

Mojelsky, T.W., et al., "Molecular Structure of Alberta Oil Sand Asphaltene." 

Hupka, J., et al., "'Failings Sedimentation Characteristics for Water Recycle in Water-Based Tar Sands Processing." 

Galtacher, J., et al., "Elucidation of the Nature of Naphtheno-Aromatic Groups in Heavy Petroleum Fractions by "C NMR 
and Catalytic Dehydrogenation? 

Chen, HR., et al., "Chemical Effects of Steam Treatment of Alberta Oil Sands? 

McLendon, T.R., "U.S. Department of Energy Tar Sand Program Overview." 

Green, M.K., et al., "Steam-Foam Performance in Oil Sand Cores at Constant Pressure Drop." 

Ivory, J., et al., "Effect of Temperature and Initial Oil Saturation on the Steam-Air-Injection Process." 
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OIL SANDS - PATENTS 

"Solvent and Water/Surfactant Process for Removal of Bitumen from Tar Sands Contaminated with Clay," B. Park Guymon - In-
ventor, United States Patent Number 4,968,412, November 6, 1990. This invention involves the separation of clay-contaminated 
bitumen from sand with a solvent. The bitumen is dissolved with an organic solvent such as condensate from a natural gas well. 
The clay is separated from the dissolved bitumen and the solvent is recovered and recycled. The sand is washed with water contain-
ing a carefully selected, nonanionic surface active agent to remove residual bitumen and solvent. Prior removal of the clay 
precludes it from unduly contaminating the water. 

"Process for Extracting Oil from Tar Sands," Jerry B. Hall, Anthony Russo - Inventors, United States Patent Number 4,966,685, Oc- 
tober 30, 1990. A process for the extraction of oil and bitumen fractions from tar sands comprising the steps of heating the tar 
sands to 700 to 150°F, mixing with aqueous solutions of water soluble separation chemicals, particularly sulfonated fatty acids or 
salts, holding the tar sand and the separation chemicals for a sufficient period of time to allow the bitumen to float to the top and 
the sand to sink to the bottom, and separation of the oil or bitumen fractions from water and the separation chemicals. 

'Method and Apparatus for Separation of Heterogeneous Phases,' Aldo Corti, John A. Falcon - Inventors, Rtr Oil Sands Lid, Gulf 
Canada Corporation, United States Patent Number 4,954,254, September 4, 1990. The invention provides a process for extracting 
bitumen from oil sands. The process includes the step of conditioning the oil sands by adding hot water and steam to the oil sands. 
The conditioned oil sands are then introduced into a separation zone. Separation of the oil sands into a bitumen froth phase, a mid-
dlings phase and a tailings phase occurs in the separation zone. Water with air dissolved therein is continuously injected under pres-
sure upwardly through the separation zone. The water is at a low temperature relative to the oil sands. At least two of the phases 
are then separately withdrawn from the separation zone.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes sInce September 1990) 

ASPHALT FROM TAR SANDS - James W. Bunger and Associates, Inc. (T-5) 

J. W. Banger and Associates, Inc. (JWBA) has initiated a project for commercialization of Utah Tar Sands. The product of the ini-
tial venture will be paving and specialty asphalts. The project contemplates a surface mine and water extraction of bitumen fol-
lowed by clean-up and treatment of bitumen to manufacture specification asphaltic products. JWBA has secured rights to patented 
technology developed at the University of Utah for extraction and recovery of bitumen from mined ore. 

In 1988, JWBA completed a feasibility study which examined the technology, markets, resources and economies for asphalt produc-
tion. Results showed a strong potential for profitability at today's prices and costs. Level of profitability is sensitive to site-specific 
factors and price variations. Results also showed the need for further development of technology applicable to the consolidated, 
Oil-wet resources typical of Utah and other domestic deposits. 

In February, 1989, KWBA received an award of $500,000 from the United States Department of Energy to further develop the 
technology and to conduct site-specific optimization. The award was one of about 30 given nationwide. 

A 100 pound per hour PDU has been designed and constructed; it is currently in the start up phase. Preliminary results are highly 
encouraging in that the process is operating according to design expectations. 

All candidate sites in the Uinta Basin are currently under consideration including Asphalt Ridge, P.R. Spring. Sunnyside and White 
Rocks. The commercialization plan calls for completion of research in 1990, construction and operation of a field plant by 1991 and 
commercial operations by 1994. The schedule is both technically realistic and financially feasible. The company is receiving strong 
interest for private financing of the commercial development. 

Project Cost:	 Research and Development: $1 million 
Pilot project: $5 million 
Commercial Facility: to be determined 

RI-PROVINCIAL UPORADER - Husky Oil Operations Ltd. (F-ID) 

Husky Oil is proceeding with the design and construction of a heavy oil upgrader to be located near the Alberta/Saskatchewan bor-
der at Wilton, near Lloydminster, Saskatchewan. The facility will be designed to process 46,000 barrels per day of heavy oil and 
bitumen from the Lloydminster and Cold Lake deposits. The primary upgrading technology to be used at the upgrader will be 
H-Oil ebullated bed hydrocracking followed by delayed coking of the hydrocracker residual. The output will be 46,000 barrels per 
day of high quality synthetic crude oil. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase 1 of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction were placed on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and 
Saskatchewan. 

In September, 1988, Husky and the governments of Canada, Alberta and Saskatchewan, signed a binding joint venture agreement 
to finance and build the Bi-Provincial Upgrader. Project completion is targeted for late 1992. 

In February, 1989 the Hi-Provincial Upgrader Joint Venture announced the award of $120 million in engineering contracts, with 
work to start immediately and be in full swing by April, 1989. 

Detailed engineering and design is approximately 55% complete as of April 30, 1990. Engineering will be completed by the 1st 
quarter of 1991. Procurement of major equipment is well underway with purchasing of bulk materials and miscellaneous equip-
ment to continue through to 3rd quarter of 1990. 

Site preparation has been completed. The award of major civil contracts began early in 1990. Major mechanical contracts will be 
started in the 3rd quarter 1990. The Construction Management Team moved their operations to site offices in March. The con-
struction force is expected to peak at 2,900 persons by the 3rd quarter 1991. 

Project Cost: 	 Upgrader Facility estimated at C$1.267 billion 

BI'IIJMOUWF PROJECT - SOIv-EX Corp. (F-20) 

The SOIV-EX Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv-Ex's process 
for recovery of bitumen and metals.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Continued) 

SOIV-EX will use a naphtha solvent to boost the power of hot water to separate oil front sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the pilot plant tailings (after bitumen extraction) showed that these minerals are readily recoverable. 

In February, 1989, a viable processing flowsheet was finalized which not only recovers the originally targeted gold, silver and 
titanium values but also the alumina values contained in the resource. Synthetic crude oil would represent less than 15 percent of 
the potential mineral values recoverable from the Bitumount Lease. 

The results of this work indicate that the first module could be a single-train plant, much smaller than the 10,000 barrels per calen-
dar day plant originally envisaged. The optimum size will be determined in the preconstruction feasibility study and this module is 
estimated to cost not more than C$200 million. 

The Bitumount lease covers 5,874 acres north of Fort McMurray, Alberta. Bitumen reserves on the lease are estimated at 
1.4 billion barrels. 

Solv-Ex is currently looking for potential financial partners to expand the project. 

BURNT LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. ('T-ao) 

The Burnt Lake in situ heavy oil plant is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will average 12500 barrels per day. 

According to the companies, the Burnt Lake project is a milestone because it will be the first commercial development of these 
heavy oil resources on the Primrose Range. This will require the close cooperation of Canada's military. 

The multi-phase Burnt Lake project, which will involve cyclic steaming, was put on hold in 1986 due to low oil prices, then revived 
in 1987. The project as of early 1989 has again been halted. Alternative recovery processes are under evaluation. 

According to initial plans, the project was supposed to be designed after the thermal recovery project Suncor operated nearby at 
Fort Kent. There slant welts were drilled in clusters and cyclic steamed. 

Future stages could double production to 25,000 barrels per day. Burnt Lake is estimatedt to contain over 300 million barrels of 
recoverable heavy oil. 

COLD LAKE PROJECT - Esso Resources Canada Limited (T-50) 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of 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. 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval to 
proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 1985. 

Shipments of diluted bitumen from Phases I and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake averaged 60, 	 barrels per day. Production in 
early 1988 reached 85, 	 barrels per day. A debottlenecking of the first six phases has added 19,($X) barrels per day in 1988, at a
cost of $45 million. Production in 1990 averaned 90.000 barrels tier day. 

The AERCB approved Esso's application to add Phases 7 through 10, which will eventually add another 44,000 barrels per day. A 
decision has been made not to complete the facility at this time. Phases 9 and 10 have been postponed indefinitely. 

However, all construction will be completed on the central processing plant for Phases land Sand partially completed for the field 
facilities. The construction is 70% completed. 

Project Cat: Approximately $770 million for first ten phases 

DAPHNE PROJECT - Petro-Canada (17.60) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. The project is expected to cost $3.8 billion 
(Canadian). To date over 350 core holes have been drilled at the site to better define the resource. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Continued) 

Currently, the project has been suspended pending further notice. 

Project Cost: 	 $3.8 billion (Canadian) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (F-70) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project will 
be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but it being 
put on hold due to the current worldwide energy supply picture. As of March, 1988, the Lurgi pilot unit is being maintained in con-
dition for future operations. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost:	 Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation (F-SO) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 1986. Through its subsidiary, Uentech Corporation, Universal Energy sponsored research and development at the Illinois In-
stitute of Technology Research Institute (lFR1) 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 art 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 Hoard, 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 ORS 
electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The economic parameters of the operation were within the range ex-
pected. Process energy costs have been demonstrated at around $1/bbl. 

This well was shut-in after seven months of operation due to high operating costs associated with severe sand production. Two 
other wells utilizing the Technology have been completed in the Wildmere Field with encouraging results initially. However, at-
tempts to mitigate the sanding problems have not been successful and these wells were also shut-in after approximately one year of 
operations. 

Additional work is being undertaken in Canada. Most recently, a 12 degree API heavr oil well in Alberta increased production 
from 20 barrels to nearly 80 barrels per day. Mother well in Saskatchewan increased from 75 to about 125 BOPD after application 
of the Technology. Approximately 20 wells are expected to apply the Technology within Canada during 1989. This work is being 
performed by Electromagnetic Oil Recovery Limited (EOR), a Calgary headquartered affiliate. EOR signed a contract in 1988 
with Shell which will lead to a field test of the Technology in Europe during 1989. 

ORS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe sand production problems and 
low initial well productivity prevented a commercial installation although reservoir temperature was demonstrated to increase in 
excess of 150 degrees Fahrenheit. Another ORS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farmout from Tenneco Oil. The wells were eventually shut-in in 1988 due to low productivity, sanding problems, 
and low oil prices. 

A demonstration field test began in Brazil in late 1987. The test well was initially completed in September 1987. The initial test 
well resulted in increasing production from the initial level of 1.1 barrels per day up to 14 barrels per day. The process will be ap-
plied to an additional 4 wells during 1989 before a decision is made to expand the well stimulation program to potentially several 
hundred oil producing wells in Brazil. 

Project Cat:	 Not disclosed
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Contlimed) - 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Limited. (T-90) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. 
The primary oil sands target in the area is the Lower Cummings sand of the Manaville Group. Additional oil sands potential is in-
dicated in other Mannville zones including the Colony, Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. The current phase I of the Project involves the drilling, 
construction, and operation of a 13-well Thermal Project (one, totally enclosed 54pot 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. 

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 198748, using conventional and slant 
drilling methods. Pad facilities construction occurred in 1988. A further 24 delineation wells were drilled in 1989 and further 
limited drilling is expected to take place in 1990. 

Oil production from current wells at Amoco's Elk Point field totals 1,200 cubic meters per day. Production with new wells will 
gradually increase totals to approximately 1,280 cubic meters per day. Further development of the Project to the planned second 
phase will concentrate on reduced well spacing and expanding operations to include some huff and puff (cyclic) steam stimulations 
in the future. 

Project Cat:	 Phase I - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited. (T-100) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986. 

The Phase I project would involve development of primary and thermal recovery operations in the Lindbergh and Frog Lake sec-
tors near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 129 wells were 
drilled by the end of 1988. 

PanCanadian expects Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase III would go into operation in the late 1990's, and production would increase to 12,000 barrels per day. 

Thus far, steam stimulation has been applied experimentally in two sections, and the results are being evaluated while study 
proceeds on a pilot steam flood process in one of these sections. 

As of June 1989, low prices for heavy crude and lack of economics for expensive enhanced oil recovery methods have caused Pan-
Canadian to delay Phase I plans. Meanwhile the company continues to streamline primary operations, to evaluate steam stimula-
tion results and to plan experimental steam flood pilots. 

Project Cost:	 Phase I C$90 Million 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-110) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a fire flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation. On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24, 1985. Project now has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The oil production rate 
reached 1,200 barrels per day. 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection has been tem-
porarily suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion 
zone and to scavenge heat. Oil production is 700 barrels per day.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Continued) 

Project Cat:	 Estimated $42.5 million 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (17-120) 

Amoco (formerly Dome Petroleum) received approval from the Alberta Energy Resources Conservation Board for a commercial 
project in Lindbergh. The project will cover five sections and and was planned to be developed at a rate of one section per year 
for five years. It will employ 'huff-and-puff" steaming of wells drilled on 10 acre spacing, and will require capital investment of ap-
proximately $158 million (Canadian). The project is expected to encompass a period of 12 years. In 1990 nenk production was 
18,5(X) barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first 
wells have been drilled to date and placed on primary prodt 
thermal development. In 1990, Amoco has continued to drill 

Project Cost: 	 $158 Million

of the commercial project has been halted. A total of 46 slant 
Low oil prices have forced a delay in the proposed commercial 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (1-130) 

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 the a huff-and-puff process with about two cycles per year on each well. Production is From the Lower Grand 
Rapids zone at a depth of 1,650 Feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is. 
85,00 centipose. 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. 

Project Cost:	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 

NEWGRADE HEAVY OIL UPORADER - NewGrade 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. In 1989 the hydro2en plant experienced many shut downs and a fire ernlsinr nther nrnhfrn,c Anhsn% th. 1, A,,.. t #1.... 

The refinery/upgrader combination has been running at 50,(0) barrels per day of crude through the refinery itself. From that, 
30,000 barrels per day of heavy mid bottoms are sent to the new Atmospheric Residual Desulfurization unit which performs 
primary upgrading. From there 12,000 barrels per day is being run through the Distillate Hydrotreater which improves the quality 
of the distillate fuel oil streams by adding hydrogen. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries provided 5 percent of the costs as equity, plus the existing refinery, while the provincial government 
provided 15 percent. The federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the 
costs as debt. 

NewGrade selected process technology licensed by Union Oil of California for the upgrader. The integrated facility is capable of 
producing a full slate of refined products or alternately 50,0 barrels per day of upgraded crude oil or as will be the initial case, 
some combination of these two scenarios. 

Project Cost:	 $700 million
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COMMERCIAL PROJECTS (Continued) 

OSLO PROJECT - Paso Resources, Petro-Canada, Canadian Occidental, Gulf Canada, PanCanadian Petroleum, Alberta Oil Sands 
Equity. (F-ISO) 

The OSLO joint venture is planning a 77,000 barrel per day oil sands mining, extraction and upgrading plant 60 kilometers north of 
Fort McMurray. Production is scheduled to begin in 1997. 

The OSLO joint venture consists of Esso Resources (25 percent), Canadian Occidental Petroleum (20 percent), Gulf Canada 
Resources (20 percent), Petro-Canada (15 percent), PanCanadian Petroleum (10 percent) and Alberta Oil Sands Equity (10 
percent). To the end of 1989,$75 million has been spent on project studies. 

Completion of the en gineering design phase has been extended by six months because of the federal government's withdrawin g of 
funding for the construction and operating phases of the proiect. 

The engineering phase is scheduled lobe completed by the end or 1991. Engineering work has recently focused on an Edmonton-
area upgrader to be linked directly to OSLO's Fort McMurray bitumen production via pipeline. 

The project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, the 
bitumen would be extracted from the sand by warm water and chemicals and fed into an upgrader. There, it would be converted 
into synthetic crude oil with properties similar to conventional light crude oil—suitable as feedstock for Canadian refineries. OSLO 
has selected the high-conversion Veba Combi Cracking rp.ocess for upgrading. 

The OSLO reserves axe of higher quality than most of what remains at Syncrude, and OSLO's layer of overburden is thinner, ad-
vantages that will help make OSLO's estimated production costs slightly lower than those of Syncrude. 

Project Cat: $4.1 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (P160) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an average production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at cost or $200 million, required the drilling of an additional 213 wells for steam injection and bitumen production, 
plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The com-
mercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant for 
generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted 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. This expansion is only the first step of 
Shell's long-term plan to develop the Peace River oil sands. 

In 1989 production was increased to the design capacity of 1,600 cubic meters of oil per day. 

On January 25, 1988 the ERCB approved Shell Canada's application to expand the Peace River project from 10,ODO 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 If 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. This work would enable a quick start should the decision to proceed occur in the 
near term. 

Work is continuing towards improving efficiency of existing operations, reducing operating costs and developing wan to meet more 
stringent environmental guidelines. 

Project Cat: $200 million for PREP I 
$570 million for PREP II
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COMMERCIAL PROJECTS (Continued) 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170) 

Amoco (formerly Dome) proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. 
Amoco is earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, 
the company undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby 
earned an interest in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,W) barrels per day of 10 de-
grees API oil in 1984. 

The agreement with Alberta Energy contemplates that Amoco can earn an interest in an additional 194,280 of adjoining oil sands 
lands through development of a commercial production project. The project is estimated to carry a capital cost of at least 
$CI.2 billion and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each section will contain four 26-well slant-hole drilling clusters. 
Each set of wells will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation 
Board approval on February 4, 1986. A subsequent amendment to the original scheme was approved on August 18, 1988. The 
12,800 acre project will be developed in three phases. Four 6,500 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. 

Due to depressed bitumen prices, the proposed drilling schedule remains postponed. The commercial project will proceed when oil 
prices return to levels which make the project viable. 

Project Cost; 	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada limited (F-ISO) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity is 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided by 
the two existing oil sands plants, Syncrude and Suncor. The refinery's petroleum products are gasoline, diesel, jet fuel and stove 
oil. Byproducts include butane, propane, and sulfur. Sufficient benzene is produced to feed a 300, tonne/year styrene plant. 
Refinery and petrochemical plant officially opened September 1984. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants. 

SUNCOR, INC, OIL SANDS GROUP - Sun Company, Inc. (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (T-190) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of Fort 
McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, overburden 
is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. Third, 
hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic crude 
oil, most of which is shipped to Edmonton for distribution. 

Current remaining reserves of synthetic crude oil are 298 million barrels. 

In 1989, the Oil Sands Group recorded earnings of $34 million compared with a loss of $11 million for 1988. Earnings for the last 
six months were $22 million compared with a profit of $1 million for the same period of 1988. Production at Oil Sands Group was 
strong in 1989, averaging 57,200 barrels per day compared with 49,000 barrels per day in 1988. 

Work will continue of the Debottlenecking project but a phased approach to the project will increase plant capacity without the 
large upfront cash requirements of the original proposal.
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COMMERCIAL PROJECTS (Continued) 

Alter a maintenance shutdown in the summer of 1990, eroduction was back un to an averaged 60. barrels per day. Cash operat-
ing costs during first Quarter 1990 were $15 per barrel. 

Project Cost:	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (T-200) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 9,600 acres of 
combined hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is continuing on various extraction and 
retorting technologies. The available core data are being used to determine the extent of the mineable resource base in the area 
and to provide direction for any subsequent exploration work. 

A geologic field 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. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - ONC Energy Corporation (F-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by GNC in 1982 in Salt Lake City, which employs ambient water 
Rotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent ash 
and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and found it to be simpler and 
cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today UNC 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 (SEC) for tar sands projects 
that utilize mining and surface processing methods, ONC 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 cancelled by Congressional action. (iNC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg and Engelhard indicating feasibility, after the 
decline in prices beginning in January 1986 of a 7,5(X) barrels per day plant which converts the ART-treated bitumen to 31 percent 
gasoline and 69 percent diesel. The 7,500 barrels per day plant including upgrading to products, with some used equipment, would 
cost $149 million. 

Project Cost:	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (T-220) 

Synco Energy Corporation of Orem, Utah is seeking to raise capital to construct a plant at Sunnyside in Utah's Carbon County to 
produce oil and electricity from coal and tar sands. 

The Synco process to extract oil from tar sands uses coal gasification to make a synthetic gas. The gas is cooled to 2,000 degrees P 
by making steam and then mixed with the tar sands in a variable speed rotary kiln. The hot synthetic gas vaporizes the oil out of 
the tar sands and this is then fractionated into a mixture of kerosene (jet fuel), diesel fuel, gasoline, other gases, and heavy ends. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO, removed and the gas burned in a gas turbine to 
produce electricity. The hot exhaust gases are then used to make steam and cogentrated electricity. 

SYNTHETIC FUELS REPORT, DECEMBER 1990 
3-29



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL PROJECTS (Continued) 

Testing indicates that the hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 
Synco holds process patents in the U.S., Canada and Venezuela and is looking for. company to joint venture with on this project. 

The plant would be built at Sunnyside, Utah, near the city of Price. 

There is a reserve of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw, 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been 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. 

Project Cost: $350 million 

SYNCRUDE CANADA, LTD. - I3sso Resources Canada limited (25.0 percent); Petro-Canada Inc. (ItO percent); Alberta Oil Sands 
Equity (16.74 percent); Alberta Energy Company (10.0 percent); PanCanadian Petroleum limited (10.0 percent); Gulf Canada Resources 
Ltd. (9.03 percent); Canadian Occidental Petroleum Ltd. (7.23 percent); 1-IBOG - Oil Sands Ltd. Partnership (Amoco Canada Petroleum 
Company Ltd.) (5.0 percent) (T-230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 155,000 barrels per calendar day. The 
original plant with a capacity of 108,000 barrels was based upon: oil sand mining and ore delivery with four dragline-bucketwhecl 
reclaimer-conveyor systems; oil extraction with hot water flotation of the ore followed by dilution centrifuging; and upgrading by 
fluid coking followed by hydrotreating. During 1988, a 6-year $13 billion investment program in plant capacity was completed to 
bring the production capability to over 155,000 barrels per calendar day. Included in this investment program are a 40,000 barrel 
per day L-C Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
debottlenecking of the original processes. 

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. 

Three Star has drilled over 32,000 feet of horizontal boreholes up to 1,500 feet long through the reservoir. The original drilling pat-
tern was planned to allow the borehole to wander up and down through the producing interval in a snake' pattern. Now, only 
straight upward slanting holes are being drilled. Three Star estimates the Upper Siggirts still contains some 35 million barrels of 
oil. 

The initial plans call for drilling one to four levels of horizontal boreholes. The Upper Siggins presently has 34 horizontal wells 
which compose the 32,000 feet of drilling. 

Sixty percent of the horizontal drilling has been completed. The original plan to begin production while the rest of the drilling was 
completed has changed. Production has been put on hold pending an administrative hearing to determine whether the mine is to 
be classified as gaseous or non-gaseous. While awaiting the outcome of the hearing, the company is running production tests. 

Project Cost:	 Three Star has budgeted $33 million for the first shaft
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COMMERCIAL PROJECTS (Continued) 

WOLF lAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (T-260) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,00) barrels per day was reached during the third quarter 1985. The oil is extracted by the "huff-and-
put 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. 

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. 
Wolf Lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). 

In early 1989, BP Canada and Petro- Canada said they will delay by one year the decision to start up the second phase. While the 
Wolf Lake 2 plant will be commissioned during 1989-90, full capacity utilization of the combined project is not likely before 1991, 
when it is expected that higher bitumen prices will support the expanded operation and further development. At the end of the 
commissioning period, during which BP will ensure that all the plant components are operational, B? and Petro-Canada will decide 
when to begin injection. 

By mid 1990, the new water recycle facilities and the Wolf Lake 2 generators were commissioned and are in operation. Production 
levels will be maintained at 1,100 to 1,200 cubic meters per day until bitumen netbacks have improved. The Wolf Lake 2 oil 
processing plant and Wolf Lake I steam gathering facilities will be suspended. 

In late 1989 BP Canada attempted to sell its 50 percent interest in the proiect and later in 1990 withdrew it from the market. In-
stead the company will continue to overnte the facilit y while seekin g a third partner. 

Project Cost: Wolf Lake I
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (17-670) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 mKm2. Temperature 
ranges from 279 to 221 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 20,1 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 92,000shallow wells. Development of the oil- 
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. Over the past 15 years, 10 million tons of steam 
have been injected into the reservoir. 

Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two under. 
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COMMERCIAL PROJECT'S (Continued) 

ground slant production blocks, which have been operated for about 8 en oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cat: 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 operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. 

The pilot was developed with the followin g objectives in mind: Evaluate the use of horizontal hydraulic fractures to develop in jec-
tor to oroducer communication; optimize steam iniection rates; maximize bitumen recovervt assess the areal and vertical distribu-
tion of heat in the reservoir- evaluate the perfonnance of wellbore and surface euuioment; and determine ke y nerformance 
oarameters such as bitumen production rates (CDOR). steam-oil, 

The pilot project began operation in December, 1981. Currently, three patterns are being operated: one 9-spot and two 5-spots. 
The central well of each pattern is an injector. The $ observations wells are located in and around the three patterns. 

The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three patterns con-
tinue to be encouraging. 

In April, 1989, a special test was initiated to increase the oil production rate. To date, the test has been very successful. 

In 1990 the nroiect nassed the one million barrel production mark. 

Total estimates for the in situ recover y area are around five billion barrels of bitumen. 

Project Cat $139 million (estimate) 

BATFRUM IN Sf13 WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, 137886 Canada Ltd., Hudson's Bay 
Oil and Gas (T-280)	 - 

Mobil Oil Canada initiated dry combustion in the Battrum field in the Swift Current producing area of Saskatchewan in 1965 and 
converted to wet combustion in 1978. The combustion scheme, which Mobil operates in three Battrum units, was expanded during 
1987-88. The expansion included drilling 46 wells, adding 12 new burns, a workover program and upgrading surface production and 
air injection facilities. 

All burns have been converted to wet combustion and air injection has increased to 25 million cubic feet per day. Studies have 
been initiated to determine the feasibility of oxygen enrichment for the EOR scheme. 

Project Cat: Expansion $30 million 

BUENAVENTURA COLT) PROCESS PILOT - Buenaventura Resource Con,. r17-2871 

Buenaventura Resource Corporation owns the exclusive license to use a natented 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. As phalt can be made from the oil, or it can be refined for 
use as a motor oil. The com pany is currently assessing the market for these producti 

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 will be shi pped to Utah in the fall of 1990 for installation. The project's second phase 
will be a Inner pilot Plant and the third phase will be a commercial-scale plant. 

Buenaventura has been workin g on developing the new process in Uintah County. Utah since 1986. Fundin g for the project is 
being sought from the State of Utah and the United States De partment of Energy. 
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BVI COW LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (T-290) 

The project is operated by Bow Valley Industries Ltd. The process utilizes steam and additives to recover bitumen from the Clear- 
water formation. The project currently consists of 16 wells directionally drilled from two padlocations. 

The project is located on a Gulf Canada lease in the Cold like area of Alberta, Canada on which Gulf operated a 6 well pilot from 
1977 to 1979. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf pilot. 

Cyclic steam operations began in mid-January, 1985 at the original seven-well pad to test the steam and additives process. A new 
steam placement technique was developed during these operations with favorable results. This led to a new nm-well pad being 
drilled in late 1986 to further investigate the new technique developed with the original -. Cyclic operations at both pads are 
continuing. 

Project Cat:	 $13 million 

CANMET HYDROCRACKING PROCESS - Petro-Canada and Partec Lavalin Inc. ('F-fl)) 

A novel hydrocracking process for the upgrading of bitumen, heavy oil and residuum has been developed at the Canada Centre for 
Mineral and Energy Technology (CANMET). This CANMET Hydrocracking Process is a single-stage, high conversion process ef-
fective for the conversion of 90 weight percent of the pitch in heavy feedstocks to distillate boiling below 524 degrees C (Pitch is 
defined as material boiling above 524 degrees C) An additive is used which acts as a coke preventer and a mildly active 
hydrogenator at moderate pressures. Hydrogen consumption and gas make are lower compared to other hydrocracking processes. 

In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 

Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. Upon startup, the 
unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was achieved. In May 1996, 
introduction of additive led to the achievement of 80 weight percent pitch conversion without coking. This test proved the benefi-
cial effect of the additive in achieving high conversions. 

Further testing, in pilot plants, led to the use of a simpler additive. The plant operated from March 1987 until June 1989 using this 
commercial additive. During this time a number of special demonstrations were made including a high conversions (93%) run 
using a blend of vacuum residues from Cold Lake Heavy Oil and Western Canadian Crudes. The results of this work confirmed 
the capability of the process to achieve high conversion in a thermally stable, coke free, single stage reactor. 

The high conversion Canmet HC process has been successfully demonstrated and is now available for commercial application. 
Patent protection and process guarantees are provided by the licensors. No further pilot plant tests are planned. 

Project Cat: Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. and Alberta Energy Co. (T-310) 

Husky Oil Operations Ltd. (60% interest) and Alberta Energy Co. (40% interest) received ERCB approval for a 1,100 barrels per 
day heavy oil steam pilot in the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

In September, 1989, Husky and AEC Oil & Gas Company announced their intention to proceed with the development of the 
Caribou Lake Pilot Project. This project will test the potential commercial application of producing heavy oil using cyclic steaming 
technology. Husky will operate the project. 

Husky and AEC have drilled 48 exploratory and development wells on the 372-section Caribou Lake block. Natural gas and 
bitumen discoveries have resulted, with the quality and extent of the bitumen resources justifying this pilot recovery project. 

Site clearing and preparation started immediately with well drilling to follow after freeze-up and the main facility construction to 
occur through the second and third quarters of 1990, followed by start-up prior to year-end. The Pilot will consist of 25 cyclic 
steam/production wells, 75 MMBTU/hour steam generation capacity and associated oil treating and produced water clarification 
facilities. A comprehensive testing and analysis program to define technology for maximum reuse of produced water will he incor-
porated 

Project Cat: Approximately $20 Million
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CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada (T-320) 

Mobil's heavy oil project is located in 152 and R23, W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and five injectors. There Is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 

Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit. 
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987 and operations are 
continuing 

Production in the Celtic Multizone Test, an expansion of the Heavy Oil Pilot, consisting of 16 wells on 20 acre spacing, commenced 
with primary production in September, 1988. First cycle steam injection commenced May, 1989. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-H SYNFUELS DREDGING PROJECT - C-H Synfuels Ltd. (T-330) 

C-H Synfuels Ltd. plans to construct an oil sands dredging project in Section 8, Township 89, Range 9, west of the 41h meridian 

The scheme would involve dredging of a cutoff meander in the Horse River some 900 meters from the Fort Mc Murray subdivision 
of Abasand Heights. Extraction of the dredged bitumen would take place on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. The resulting bitumen would be stored in tanks, allowed to cool and 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 Cuffs Special Tar Sand 
Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Work on this project is suspended until an Environmental Impact Statement can be completed. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM SI1MUL&I1ON PROGRAM - Mobil Oil Canada ('F-MO) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap- 
Proximately 130 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 eleven single wells in 1985. Various zones are being tested in the Upper 
and Lower Grand Rapids formation. The test well locations are distributed throughout Mobil's leases in Townships 63 and 64 and 
Ranges 6 and 7 W4M. Based on encouraging results, the Iron River Pilot was constructed with operations beginning in March, 
1988. To date, steam stimulation tests have been conducted in a total of 14 vertical wells. 

Three vertical wells, all multi-zone completions, are still in operation in 1990; the remaining wells were suspended at the conclu-
sion of their testing programs. A single zone steam stimulation in a horizontal well began in mid-1989. This test is still operating. 

Project Cost: Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour Is Valorization des Huiles 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.
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About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAIIL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant Engineering and economic evaluations were 
completed by the end of 1987. 

ASYAJIL is a joint venture of three French companies—Elf Aquitaine, Total-Conipagnie Fiancaise de Raflinage, 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 ORB 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 Cat: Not disclosed 

13550 COW LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-380) 

Esso 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 Esso's Lease No. 
40. Esso has sold these data to several companies. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Laming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion costing $40 million 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is currently 3,100 cubic meters per day—i.e., about 19,500 barrels per day of bitumen. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as on follow-up recovery methods, such as steam displacement and horizontal wells. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EYEHILL IN SITU STEAM PROJECT - Canadian Occidental Petroleum, Ltd., flaw Resources Canada and Murphy Oil Company Ltd. 
(T-390) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 1640-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. lnfill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 

Production in 1989 continued at 500 barrels per day and is expected to eventually peak at 1,000 barrels per day. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 
Cumulative production reached one million barrels in 1988. This represents about 6 percent of the oil originally in place in the 
project area. Another four million barrels is expected to be recovered in the project's remaining 10 years of life. 

Project Cat:	 $15.2 million 

Fr. KENT THERMAL PROJECT - Koch Industries and 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 12.5 degrees API, and a sulfur content of 35 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. 
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R & D PROJECTS (Continued) 

A total of 126 productive wells are included in this project, including an Swell cluster drilled in late 1985. Five additional develop-
ment well locations have been identified. Approximately 59 wells are now operating, with production averaging 1,600 barrels per 
thy. Further development work, including tying-in the Swells 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 steamflood areas expected. 

Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to date is approximately $35 million (Canadian). 

In January 1989, it was announced that the project would be indefinitely suspended. 

Project Cost: See Above 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd. and AOSTRA (T420) 

The Gregoire Lake In Situ Steam Pilot (011SF) Project is an experimental steam - located at Section 2-86-7-W4M. The par-
ticipants are Amoco (1419 percent), and AOSTRA (85.71 percent) (Petro-Canada participated in Phase A of the project but has 
declined participation in Phase B which was initiated in 1990). Other parties may participate by reducing AOSTRA's ownership. 
The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). Amoco is the operator. The produc-
tion pattern consists of a four-spot geometry with an enclosed area of 0.28 hectacres (0.68 acres). Observation wells have been 
drilled. The process has tested the useof steam and steam additives in the recovery of highly viscous bitumen (1 x 10 million cP at 
virgin reservoir temperature). Special fracturing techniques have been used and sophisticated seismic methods and other tech-
niques are being used to monitor the in situ process. Steam Foam flooding began in October 1988. 

Plans For 1990 call for optimizing surfactant and steam rates and increasing bitumen production pressure cycling of the pilot will be 
investigated. 

The project began operation in September 1985. 

Project Cost:	 $218 million (Canadian) 

HANGING STONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (F-430) 

Construction of a 13 well cyclic steam pilot with 4 observation wells was completed and operation began on July 1, 1990. On Se p
-tember 4, 1990, Petro-Canada announced their official coening of the l-langinntone Steam Pilot Plant. 

The Grout 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 Alberta Oil Sands Technolotv and Research Authority (AOSTRA) will provide half of the en gineering support and operating 
funds, for a total contribution of $123 million over the life of the proiect. 

IPIATIK EAST PROJECT - Alberta Energy Company, Amoco Canada and Deminex Canada ('F-435) 

The lpiatik East pilot is inside the Cold Lake Air Weapons Range, otherwise known as the Primrose Block, ABC is the operator 
and holds a 60 percent interest in the project. Partners are Amoco Canada and German Deminex Canada. The project has tested 
cyclic steam stimulation of bitumen in of the Wabiskaw sands of the Lower Cretaceous Mannville Group. 

ABC first began experimenting with cyclic steaming in the area in 1984 with seven wells drilled on 3.6 acre spacing. The initial 
strategy was to use the basalzone to promote reservoir heating and gravity drainage, and to minimize steam override. Initial 
steaming using 44,000 barrel slugs provided good performance on the first cycle but production deteriorated in later cycles. The 
wells had been completed with the conventional techniques of installing the production casing set through the formation and ce-
mented to the surface. 

In late 1986, ABC began testing a propped sand fracture completion prior to steam injection. The horizontal fracture provided a 
larger contact area for stimulation and a better chance to contain the fracture above the basal zone. To assist fracture initiation, 
the casing was notched to create a narrow horizontal area which would be exposed to high rate, high pressure fracture fluids. The 
casing was notched in the upper half of the oil sands above several of the tight calcite layers. 
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R & D PROJECTS (Confirmed) 

Results of the propped fracturing prior to steam injection were very encouraging. AEC drilled three more wells (Phase B) north-
east of the Phase A pattern in 1987 for further testing. Phase B results were sucerior to chase A. The chase B wells achieved daily 
oil production rates which were 50 percent better than cycle one, 90 percent better than cycle two and 60 percent better than cycle 
three on typical Phase A wells. AEC drilled another four wells in 1988, completing a regular seven-spot pattern on six-acre spacing. 
Those wells have performed better than the 1987 wells over three cycles. Due to prevailing low heavy oil crices the oroiect was 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (F440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a four hectare pad develop-
ment with 23 slant and directional wells on 32 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 bat-
tery 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 obtairi 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 for two years and is expected to operate for one to two more years. 

Project Cat:	 $14 million 

JET LEACHING PROJECT - BP Resources Canada Ltd. (T450) 

BP Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the Ells River area north 
of Fort McMurray, Alberta. 

The process, called jet leaching, involves high-rate injection of water into a tar sand formation an that the agitation of the injected 
fluid cuts the tar and and separates the bitumen. The injected water contains chemicals that cause the sand particles to ag-
glomerate, further aiding the separation process. 

The bitumen-laden fluid is brought to the surface in a typical production well while the sand particles remain in the formation. B? 
expects the fluid to be in the form of a froth in which the bitumen will float to the surface. Excess fluid will be discarded. 

The project involves drilling four welts, in which casing will be run to the top of the formation. The jet injection device will be 
lowered into the uncased bottom for injection of the water. A single jet is pointed into the formation, and is rotated during injec-
tion in order to contact the entire formation exposed in the weilbore. 

The fluid injection rate probably will be in the range of 15-25 barrels per hour at a fluid temperature of 175 degrees F. 

The pilot targets the McMurray tar sands at a depth of 220 to 260 feet. 

Project Cost: C$500,000 

KENOCO PROJECT - Kenoco Company (17460) 

The Kennon Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The prin-
cipals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood process. 
The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed. 

Plans were being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of 5 to 6 years to a 
10,000 barrels per day operation. The commercial project is now on hold pending better market conditions. 

Project Cost: Not disclosed
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R & D PROJECTS (Continued) 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (F470) 

Experimental in situ recovery project located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot thick 
Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 20 acres. 
Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested from 1980 
to 1983 but has been terminated. Huff-and-puff continues. Production rates from the seven-spot area have been encouraging to 
date, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 95,ODO 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 (F-33) listed in commercial projects.) 

Project Cost:	 $7 million to date 

LINDBERGH THERMAL PROJECT - Amoco Canada Petroleum Company Ltd. (T480) 

Amoco (formerly Dome) drilled 56 wells in section 18-55-5 W4M in the Lindbergh field in order to evaluate an enriched air and air 
injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to evaluate the combination thermal 
drive process. The enriched air scheme included three 10 acre patterns. Currently only one 10 acre enriched air pattern is opera-
tional. 

Air was injected into one 10 acre pattern to facilitate sufficient burn volume around the wellbore prior to switching over to en-
riched air injection in July 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 scvcral 
years. Enriched air injection was reinitiated in this pattern in August 1985. Initial injection rate was 200,0 cubic feet per day of 
W) percent pure oxygen. Early oxygen breakthrough was controlled in the first year of Combination Thermal Drive by reducing 
enrichment to 80% oxygen. 

Project Cat: $22 million 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINA11ON THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (T490) 

Amoco (formerly Dome) completed a 46 well drilling program 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 patterns. All wells have been steam stimulated. 
The producers in these patterns have received multiple steam and air/steam stimulations to provide for production enhancements 
and oil depletion prior to the initiation of burning with air as the injection medium. To date, all of the nine patterns have been ig- 
nited and are being pressure cycled using air injection. Combination thermal drive is planned for one pattern during the 
4th pressure cycle. 

Project Cat:	 $20 million 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (17-500) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 15 year farmout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phases I and II by contributing $57 
million. 
Phase H, designed to further test and delineate the resource, is now complete. Phase III began in December, 1988. The program 
includes a multi-cycle single well steam simulation test at 16-27-84-11 W4 in its eighth production cycle. A second multicycle single 
well steam stimulation test at 4-3344-11 W4 is in its sixth cycle. Operation of the third single well test at 13-27 was suspended after 
completion of its fourth cycle. Steam injection began on May 1, 1990 in the center well of a 13 well pilot. 

Project Cost: 	 Not disclosed 

PELICAN LAKE PROJECT - CS Resources Limited and Devran Petroleum Ltd. (T-510) 

CS Resources has acquired from Gulf Canada, the original operator, the Pelican like Project comprised of some 89 sections of oil 
sand leases.

SYNTHETIC FUELS REPORT, DECEMBER 1990 
3-38



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1990) 

It & D PROJECTS (Continued) 

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 (hennal recovery methods. 

Eight horizontal wells have been successfully drilled at the project site in north central Alberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,5W feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 

Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 
Drilling of five more horizontal wells with horizontal sections of 3,635 feet (a horizontal record) was accomplished in December 
1989 and January 1990. 

Special effort was made to kee p the drilling program simple and cost-effective. A surface casin g was set vertically at 110 meters, 
then the wells were kicked off and inclination was built gradually to 90 degrees at a rite of two degrees/l0 meters. An intermediate 
casin5 was run and cemented before horizontal drillin g commenced in the sand reservoir. Earl y production rates averaged 15 to 
20m—/day, three to six times avera ge vertical well figures. Four wells rapidly produced with a disappointing, and unexpected high 
water cut, whereas no bottom water is known to exist in this particular area. This problem is still under review. 

Sand production has not been a maior problem and the production sand content is lower than in surroundin g vertical wells. 

Project Cost:	 Not disclosed 

PELICAN-WABASCA PROJECT - CS Resources (17-520) 

Construction of fireflood and stcamflood 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-we1l 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 convened to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. Remaining wells retained on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The watethood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steaniflood 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 exce ption of 13 wells that remain 
producing on primary production. 

Project Cost: Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT PROJECT - AOSTRA, Canadian Occidental, Paso, Murphy Oil, 
Noreen Energy Resources Limited (T-530) 

Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an experimental 
cyclic steam/steam drive thermal pilot in the Provost Upper Mannville B Pool. The pilot project will consist of a single 20 acre in-
verted 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. All nine pattern wells 
were placed on primary production in February 1985. 

The proiect 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 scaven ging waterflood. The proiect was estimated to last 
approximately 10 wars. The time frame for these four phases beint 

- Mar/95-Fed/86: Primary Production 
- Apr/86 - Jun/89 C yclic Steam Stimulation 
- Jul/89 - Dec/92: Steam Drive 
- Jan/93 - Dec/94: Heat Scavenging Waterflood 

Overall, the cyclic eroduction performance had an avera ge incremental recovery of 17 oercent 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.
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R & D PROJECTS (Continued) 

Project Cost: Not Disclosed 

PR SPRING PROJECT - Enercor and SOIV-EX Corporation, (T-540) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
average grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and has 
the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and economical capital and 
operating cats. Process optimization and scale-up testing is currently underway for the Solv-Ex/Shell Canada Project which uses 
the same technology. 

The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totalling $230,947,0)0 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SEC 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) 

RAFAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives Development and Ministry of 
International Trade and Industry (T-550) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japahesc Ministry of Interna-
tional Trade and Industry, adopted bitumen upgrading as one of its major research objectives. Three approaches were inves-
tigated: thermal ciacking-hydrotreating, thermal cracking-solvent deasphatting-hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., visbreaking-demetallation-cracking, was completed in 1984. Its capacity is 
5 barrels per day, and operation has been used to evaluate catalyst performance and also to obtain engineering data. Hydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality From tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. Research with the 5 BPD pilot plant was finished in 1988. A 10 barrels per day 
pilot plant with suspended-bed reactor, designed by the M. W. Kellogg Company, was completed in 1985. A new type catalyst for 
the suspended bed process has been developed, and data have been obtained for process scaleup. 

The original RAPAD program was an 8-year program, concluded in March 1988 at a total cost of 23.9 billion yen. Some additional 
research and development has been continued since April 1988. 

The process developed with the aid of the 10 BPD pilot plant is called the MRH process (mild mid hydrocracking process). It is a 
suspended-bed process which hydroctacks, demetallizes and converts heavy oil such as vacuum mid or oil sand bitumen to middle 
distillates at a relatively low pressure (60-80 kilograms per square centimeter). 

Project Cost: 	 23.9 billion yen through 1988
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R & D PROJECTS (Continued) 

RTR PILOT PROJECT - Rfl Oil Sands (Alberta) Ltd. (T-570) 

The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Fort McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc., during the second half 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substantial 
reduction in waste volume. 

Pilot data indicate that the total Writ/Gulf process (extraction and tailings management) offers a substantial economic advantage 
over conventional hot water technology. This is particularly true for a remote plant in which energy requirements must be genera-
ted. 

Project Cost:	 Undisclosed 

SANDALTA -. Gull Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (17-580) 

Home Oil Company Limited, in October 1919, announced the farmout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980090001 (Formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and 
Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and more 
recently in 1985. Engineering studies on commercial feasibility are continuing. 

Little progress has been reported since 1987. 

Project Cost:	 Not Specified 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada Petroleum Company Ltd. (T-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. 

Amoco Canada has been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The company now has 57 wells at this site with most having been drilled since 1985. The heavy oil reservoir at 
Soars Lake is located in the Sparky formation at a depth of 1,500 feet. 

In the summer of 1987, Amoco began drilling 15 slant wells for the project. One vertical well already drilled at the site was in-
cluded in the plans. The wells are oriented in a square 10 acre/well pattern along NE-SW rows. 

The injection scheme initially called for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 
However, severe communication developed immediately along the NE-SW direction resulting in production problems. Although 
this fracture trend was known to exist, communication was not expected over the 660 feet between the wells' bottomhole locations. 
Steam splitters were installed to allow 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 viodage in the reservoir prior to any further steam 
stimulations. 

Sixteen new wells are planned for late 1990 once neaotiations with the provincial aovernment are complete. 

Project Cost: $26 million through 1989 

TACIUK PROCESSOR PILOT - AOSTRAfThe UMA Group Ltd. (T-610) 

A pilot of 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 (AOS'I'RA). The processor consists of a rotating kiln which houses heat exchange, cracking and combus-
tion processes. The processor yields cracked bitumen vapors and dry sand lailinge. The pilot plant, which processed 5 tons of 
Athabasca oil sand per hour, has completed testing and demonstration.
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R & D PROJECT'S (Continued) 

Information agreements were made with a major oil company and with a joint-venture company between two majors. The informs-
lion agreements provide, in exchange for a funding contribution to the project, lull 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 coket-, 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" ATP plant, sized at 100 tons per hour feed capacity and located 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 under way, however, for a semi-commercial plant to study and demonstrate the Afl 
System for producing oil from oil shale at a deposit in Australia. The design of this facility is well underway, and is for a through-
put capacity of 6,000 tons per day of oil shale feed. Construction is not yet committed, but is planned for 1991 or 1992. 

A third area of application of the technology has been developed in the past five years, which is its use for remediation of oily soils 
and sludges. In this area, the Al? has progressed to commercialization. The first ATP waste treatment was built in 1989 For Soil-
Tech, Inc. which is the United States licensee for the use of the technology in waste treatment. This plant is presently being mobi-
lized to a waste treatment project in the United States. 

Project Cost To Date:	 C$19 million (AOSTRA) 

TANGLEFIAGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (T-620) 

The project, located some 35 kilometers northeast of Uoydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Lloydminster region. 

The Tangleflags North Pilot Project is employing drilling methods similar to those used by Esso Resources Canada Ltd. in the Nor-
man Wells oil field of the Northwest Territories and at Cold Lake, Alberta. The combination of the 500-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangieflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan are providing up to $3.8 million in funding under the terms of the Canada-
Saskatchewan Heavy Oil Fossil Fuels Research Program. 

The Tangleflags project is designed for an early production response so that expansion potential can be evaluated by 1990. Current 
estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gross produc-
tion rate of 6,200 barrels orbil 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 is expected to continue in the range of 1,000 barrels of oil per day for at least 
another year. The expansion of the pilot project into a commercial operation involving 14 horizontal wells will hinge on future 
crude oil prices. A decision regarding pilot expansion will be made in 1991. 

Project Cost: $101 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A combined hydrocarbon unit, to 
be called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Tri-
angle Special Tar Sand Area (S1SA). 

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. 
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R & D PROJECTS (Continued) 

Kirkwood Oil and Gas has applied to convert over 1,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sends in Utah than any other organization. The project is pending. 

Project Cost:	 Unknown 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T.640) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of HusWs 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test wells are widely spaced over a 3,ODD acre section of the lease. 

Preliminary estimates indicate that oil in place at the project area exceeds 680 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feel at a depth of 1,500 feet. Porosity of the formation is 33 percent and permea-
bility is 1,500 md. Oil gravity is 10 degrees API with a viscosity of 100,000 cp at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a 50 million BTU per hour steam generator along with other associated facilities. 
The pro)ect resumed operation during the third quarter of 1987 following a 12-month shutdown due to inadequate oil prices. 
The project was mothballed again in the fourth quarter of 1988 due to low oil prices. There are currently no plans or schedule for a 
renewal of operations. 

Project Cost:	 Not Disclosed 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority, Federal Department of 
Energy, Mines and Resources (CANMET), Chevron Canada Resources limited, Esso Resources Canada Limited, Conoco Canada 
Limited, Mobil Oil Canada Ltd., Petro-Canada Inc., Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd. (T-(50) 

0 
The underground Test Facility (U1'F) ' 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-. 
want from the tunnels, starting at a shallow angle, and then horizontally through the pay, to lengths of up to 1,0DO meters. 

Two processes were selected for initial testing: steam assisted gravity drainage (SAUD), and Chevron's proprietary HASDrive 
process. Steaming of both test patterns commenced in December 1987 and continued up to early 1990. I{ASDrive was shut in 
April 1990 and the SAUD is expected to continue producing in a blowdown phase until the fall of 1990. 

Both tests were unqualified technical successes. In the case of the Phase A SAUD test, a commercially viable combination of 
production rates, steam/oil ratios, and ultimate recovery was achieved. Complete sand control was demonstrated, and production 
flowed to surface for most of the test. 

Construction of the Phase B SAUD test commenced in the spring of 1990 with the drivage of 550 meters of additional tunnel, for a 
total of about 1,500 meters. Phase B is a direct scale up of the Phase A test, using what is currently thought to be the economic op 
timum well length and spacing. The test will consist of three pairs of horizontal wells, with completed lengths of 500 meters and 
70 meter spacing between pairs. Each well pair consists of a producer placed near the base of the pay, and an injector about five 
meters above the producer. 

Phase B steaming will commence in early 1991 and is expected to continue for 4-5 years. A decision regarding expansion to com- 
mercial production will be made during this period. 

Project Cat:	 $120 million
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor Last Avocarance in SER 

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 Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. September 1989; page 3-9 

Asphalt Ridge Tar Sands Pilot Sohio December 1986; page 3-51 

Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 
Mobil 
University of Utah 

Athabasca Project Shell Canada limited September 1988; page 3-50 
SO!v-fix 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 343 

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 

Constar 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 

Chapanosa 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 1993; page 3-59 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources December 1979; page 3-31 

Deepeteam Project Sandia Laboratories March 1984; page 3-41 
United States Department of Energy
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Enpex Syntaro Project 	 Enpex Corporation	 March 1989 page 3-63 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project 

Foster,i N. W. In Situ Wet Combustion 

Grossmont Thermal Recovery Project 

HOP Kern River Commercial 
Development Project 

Ipiatik Lake Project 

Kentucky Tar Sands Project 

Lloydminster Fireflood 

Manatokan Project 

Marguerite Lake 'B' Unit 

Meota Steam Drive Project 

Mine-Assisted In Situ Project 

MRL Solvent Process 

Muriel Lake 

North Kinsella Heavy Oil 

Peace River In Situ Pilot 

Porta-Plants Project 

Primrose Project 

Primrose-Kirby Project 

Ras Gharib Thermal Pilot 

Resdeln Project 

It F. Heating Project 

Rio Verde Energy Project

Falcon Sciences, Inc. 

Mobil Oil Canada, Ltd. 

Unocal Canada Ltd. 

Ladd Petroleum Corporation 

Alberta Energy Company and 
Petro-Canada 

Texas Gas Development 

Murphy Oil Company, Ltd. 

Canada Cities Service 
Westcoast Petroleum 

AOSTRA 
BP Resources Canada 
Petro-Canada 

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 

Porta-Plants Inc. 

Japan Oil Sands Company 
Norcen Energy Resources Ltd. 

Petro-Canada 

General Petroleum Company of Egypt 

Gulf Canada Resources Inc. 

HT Research Institute 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Corporation

December 1985; page 3-38 

December 1999; page 3-

December 1988; page 3-71 

June 1985; page 3-51 

December 1996; page 3-63 

June 1985; page 3-52 

December 1983; page 3-63 

September 1982; page 3-43 

December 1988; page 3-72 

June 1987; page 3.60 

December 1993; page 3-64 

March 1983; page 3-41 

June 1987; page 3-61 

June 1985; page 3-58 

June 1987; page 3-61 

September 1986; page 3-50 

September 1984; page T-16 

June 1986; page 3-56 

March 1990 page 3-54 

March 1983; page 3-43 

March 1983; page 3-43 

June 1984; page 3-58 
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Santa Fe Tar Sand Triangle Mtex Oil Corporation 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project SOIV-EX Corporation 

Sarnia-London Road Mining Assisted Project Devran Petroleum 
Shell Canada 

South Kinsella (Kinsella B) Dome Petroleum 

South Texas Tar Sands Conoco 

Texaco Athabasca Pilot Texaco Canada Resources 

Ultrasonic Wave Extraction Western Tar Sands 

Vaca Tar Sand Project Santa Fe Energy Company 

Wabasca Fireflood Project Gulf Canada Resources, Inc. 

Whiterocks Oil Sand Project Enercor 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources 
Petit Canada 

200 Sand Steamflood Demon- Santa Fe Energy Company 
stration Project United States Department of Energy

December 1986; page 3-60 

March 1985; page 3-45 

December 1988 page 3-62 

December 1988; page 3-76 

June 1987; page 3-64 

June 1987; page 3-66 

June 1987; page 3-66 

March 1982; page 3-43 

September 1980 page 3-61 

December 1983; page 3-55 

September 1988; page 3-70 

June 1986; page 3-62 
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS

Company or Orzariization Project Name 

Alberta Energy Company Burnt Lake Project 
Caribou Lake Pilot Project 
Ipiatik East Project 
Primrose Lake Commercial Project 
Syncrude Canada Ltd. 

Alberta Oil Sands Equity Oslo Group 
Syncnsde Canada Ltd. 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 

GLISP Project 
Taciuk Process Pilot 
Underground Test Facility Project 

Amoco Canada Ltd. Elk Point 
GLISP Project 
Ipiatik East Project 
Lindbergh Commercial Project 
Lindbergh Thermal Project 
Morgan Combination Thermal Drive Project 
Primrose Lake Commercial Project 
Soars Lake Heavy Oil Pilot 
Underground Test Facility 

Amoco Production Company Sunnyside Project 

Bow Valley Industries, Inc. EVI Cold Lake Pilot 

Buenaventura Resource Corp. Buenaventura Cold Process Project 

BP Resources Canada Ltd. Jet Leaching Project 
Wolf Lake Project 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 
Technology Underground Test Facility 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 
PCEJ Project 

Canadian Hunter Exploration Burnt Lake Project 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 
Hanging Stone Project 
Oslo Group 
Eyehill In Situ Steam Project 

CANMEF Underground Test Facility 

C-H Synfuels Ltd. C-H Synfuels Dredging Project 

Chevron Canada Resources Ltd. Underground Test Facility 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgrader 

CS Resources Pelican-Wabasca Project 
Pelican Lake Project 

Deminex Canada Ipiatik East Project 

Devran Petroleum Ltd. Pelican Lake Project

EM 

3-23 
3-33 
3-36 
3-28 
3-30 

3-27 
3-30 

3-32 
3-34 
3-36 
3-41 
3-43 

3-25 
3-36 
3-36 
3-26 
3-38 
3-38 
3-28 
3-41 
3-43 

3-29 

3-33 

3-32 

3-37 
3-31 

3-33 
3-43 

3-35 
3-38 

3-23 

3-30 
3-36 
3-27 
3-35 

LI
3-43 

3-34 

3-43 

3-26 

3-39 
3-38 

3-36 

3-38 
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Company or Organization Picket Name Fn2 

Enercor PR Spring Project 3-40 

[Isso Resources Canada Ltd. Cold lake Project 3-23 
Esso Cold Lake Pilot Projects 3-35 
Oslo Group 3-27 
PCEJ Project 3-38 
Syncrude Canada Lid. 3-30 
Hanging Stone Project 3-36 

GNC Tar Sands Corporation Sunnyside Tar Sands Project 3-29 

Greenwich Oil Corporation Forest Hill Project 3-25 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-34 
Oslo Group 3-27 
Sandalta 3-41 
Syncrude Canada Ltd. 3-30 

HBOG Oil Sands Partnership Syncrude Canada Ltd. 3-30 

Home Oil Company Sandalta 341 

Hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3-32 

Husky Oil, Ltd. Battrum In Situ Wet Combustion Project 3-32 
Bi-Provincial Project Upgrader Facility 3-22 
Tucker Lake Pilot Project 3-43 
Athabasca In Situ Pilot Project 3-32 
Caribou Lake Pilot Project 3-33 

James W. Bunger and Assoc. Inc. Asphalt From Tar Sands 3-22 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-40 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-38 
Hanging Stone Project 3-36 

Kenoco Corporation ICenoco Project 3-37 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-34 
Tar Sand Triangle 3-42 

L'Association pour Is Valorization - Donor Refined Bitumen Process 3-34 
des Hodes Lourdes (ASVA}IL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-32 
Celtic Heavy Oil Wet Combustion 3-34 
Cold Lake Steam Stimulation Program 3-34 
Iron River 3-37 
Sandalta 3-41 
Underground Test Facility 343 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-35 
Lindbergh Commercial Thermal Recovery Project 3-26 
Lindbergh Steam Project 3-38 
Tangleflags North 3-42 

NewOrade Energy Inc. NewGrade Heavy Oil Upgrader 3-26 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-39 

Ontario Energy Resources Ltd. Suncor, Inc. 3-28 

ORS Corporation Electromagnetic Well Stimulation Process 3-24
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Company or Omniration Proiect Name 

PanCanadian Petroleum Elk Point Oil Sands Project 3-25 
Oslo Group 3-27 
Syncrude Canada Ltd. 3-30 

Parke Lavalin Inc. CANMET Hydrocracking Process 3-33 

Petro-Canada CANMET Hydrocracking Process 3-33 
Daphne Project 3-23 
GUS? Project 3-36 
Hanging Stone Project 3-36 
Oslo Group 3-27 
PCEJ Project 3-38 
Symcrude Canada Ltd. 3-30 
Wolf Lake Project 3-31 
Underground Test Facility 3-43 

Research Association for RAPM) Bitumen Upgrading Project 340 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. Rfl Pilot Project 3-41 

Saskatchewan Government NewOrade Heavy Oil Upgzader 3-26 

Saskoil Battrum In Situ Wet Combustion Project 3-32 

Sceptre Resources Ltd. Tangjeflags North 3-42 

Shell Canada Resources, Ltd. Peace River Complex 3-27 
Scottford Synthetic Crude Refinery 3-28 
Underground Test Facility 3-43 

Soly-Ex Corporation Bitumount Project 3-22 
PR Spring Project 3-40 

Suncor, Inc. Burnt Lake Project 3-23 
Fort Kent Thermal Project 3-35 
Suncor 3-28 

Sun Oil Company Suncor, Inc. 3-28 

Synco Energy Corporation Synco Sunnyside Project 3-29 

Texaco Inc. Diatomaceous Earth Project 3-24 

Texaco Canada Resources Ltd. Eyehill In Situ Steam Project 3-35 
Underground Test Facility 3-43 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-30 

Uentech Corporation Electromagnetic Well Stimulation Process 3-24 

Underwood McLellan & Associates Taciuk Processor Pilot 3-41 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-32 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-31 

Worldwide Energy Fort Kent Thermal Project 3-35
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pgojcr ACJIVITIES 

LIQUID PHASE METHANOL DEMONSTRATION WILL 
NOT BE CARRIED OUT AT GREAT PLAINS SITE 

A liquid phase methanol demonstration project, originally 
planned for the Great Plains coal gasification plant in North 
Dakota, will have to be built elsewhere. Dakota Gasification 
Company (DGC) is working with Air Products and Chemi-
cals Inc. of Allentown, Pennsylvania to find a suitable loca-
tion for the project. 

Air Products and Chemicals created the liquid phase 
methanol process, a technique selected for demonstration 
under the United States Department of Energy (DOE) 
Clean Coal Technology Program. Once selected, the new 
project site must be approved by DOE. 

A spokesman for DGC said that a major reason for not 
being able to locate the project at the Great Plains site is 
that the company could not get permission from its gas 
buyers to divert 10 percent of its synthetic natural gas produc-
tion to methanol. The economics of transporting the 
product to market was also cited as a reason for the need to 
relocate the proposed facility. 

The liquid phase methanol process bubbles the synthesis gas 
produced from coal gasification through an inert liquid, and 
a catalyst mixed in the liquid converts the gas to methanol. 

The planned $213.7 million demonstration project is 
designed to produce 500 tons of methanol per day and is 
scheduled to come on-line by 1993. DOE has agreed to fund 
43 percent of the project's cost, or $92.7 million. 

nfl 

COAL TO ACETYLENE PROJECT PLANNED 

American Plastics and Chemicals, Inc. (APAC), based in Los 
Angeles, California, has signed an agreement to acquire the 
Acme Power Plant located in Sheridan, Wyoming. The pur-
chase, which is being made for an undisclosed amount, will 
be accomplished through notes and a profits interest par-
ticipation. 

The Acme facility is a 12 megawatt coal-fired steam plant, 
which has been idle since 1977 when it was shut down in an-
ticipation of a new nuclear power generating plant. 

APAC has formed Acme Power Company, a wholly-owned 
subsidiary, which will bring the Acme plant up to current en-
vironmental 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 a steady revenue stream for APAC 
through electric power sales, the modest capacity of the plant 
and its modular design will make it an ideal vehicle for a 
long term commercial demonstration of the desulfurizing 
coal gasification process which APAC has optioned from 
California Carbide of Costa Mesa, California," says 
W. Morris, president of APAC. 

Moths says the project will demonstrate the commercial 
viability of the desulfurizing gasification technology and 
make it ready for the retrofit of other coal-fired facilities. 
He noted that there are currently over 900 United States 
coal-fired facilities which are facing modifications or shut-
down in order to comply with new standards under the Clean 
Air Act of 1990. 

APAC's consulting engineers estimate that it will take about 
1 year to bring the plant on-line after power sale contracts, 
environmental permits, and project financing have been put 
in place. 

The APAC coal gasification process can emphasize either 
acetylene production or power generation, depending on the 
coal-to-limestone ratio used. Increasing the limestone com-
ponent produces byproduct calcium carbide, from which 
acetylene can be produced. Increasing the coal component 
results in byproduct calcium sulfide. 

APAC's pilot facility at the Spanish National Coal Company 
in Spain is testing acetylene production, says Morris. The 
company is also negotiating with a United States chemical 
company to build a semi-commercial calcium 
carbide/acetylene plant adjacent to an existing chemical 
facility. This plant would emphasize acetylene production, 
while hot steam, electricity, nitrogen, hydrogen and carbon 
dioxide would be produced also. 

##fl 

GROUND-BREAKING HEW FOR ENCOAL 

Ground-breaking ceremonies were recently held in Wyoming 
for ENCOAL's LFC (Liquids from Coal) Process Commer-
cial Demonstration Plant, which will be built at the Triton 
Coal Company Buckskin Mine near Gillette in northeastern 
Wyoming. 

Earlier this year, ENCOAL concluded negotiations with the 
United States Department of Energy (DOE) to provide fund-
ing to demonstrate a process that converts low rank coals to 
two clean-burning, high value fuels. DOE will fund half of 
the project's total cost of $72.6 million under its Clean Coal 
Technology Program. 
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When built, the plant will process 1,000 tons per day of sub. 	 DOE AND CE NEGOTIATE AN AGREEMENT FOR THE 
bituminous coal from the Powder River Basin in northern 	 LAKESIDE PROJECT 
Wyoming to form two products: a low sulfur oil, similar in 
quality to Number 6 fuel oil; and a solid fuel, similar in	 Combustion engineering has completed successful nego-
quality to bituminous coals but without the sulfur. Each of

	
tiations with the United States Department of Energy 

the two fuels will be capable of meeting or acceding the
	

(DOE) for a contract to demonstrate an efficient coal 
nation's strictest environmental requirements. 	 gasification combined cycle technology. The project is part 

of DOE's Clean Coal Technology Program. 
The Wyoming plant will demonstrate a type of mild gasifica-
tion, which was jointly developed by SOl International of La

	
Combustion Engineering (CE) will modernize an aging 

Jolla, California and Shell Mining Company. The LEC
	

power plant in Springfield, Illinois with coal gasification com-
Process is particularly well-suited for the abundant supplies 	 bined cycle technology. A standby oil-fired boiler at City 
of subbituminous low rank coals located in Wyoming's Pow- 	 Water, Light & Power's Lakeside Generating Station will be 
der River Basin, North Dakota, Montana, the Gulf Coast	 replaced with a clean, highly efficient coal burning system to 
and Alaska.	 generate 65 megawatts of power. 

The LFC process first heats coal using hot gases to remove
	

The gasification combined cycle system deeply cleans the 
much of the moisture. The dried solid coal is then conveyed

	
coal gases to prevent air pollution and protect downstream 

to a pyrolyzer, where it is further heated to about 	 generating equipment. The hot, clean gases are then routed 
1,000 degrees. At these higher temperatures, the coal begins 	 through a gas turbine to generate electricity. Hot gases leav-
to. pyrolyze. The gas is sent through a cyclone for cleaning,	 ing the turbine are also used to make steam, which is sent 
then cooled to condense out the liquid product.	 through a turbine-generator, producing additional electricity. 

The system operates at about 43 percent efficiency, com-
The remaining solid fuel is nearly free from moisture and	 pared to 33 percent typical of conventional coal plants. In-
consequently has a much higher heating value. 	 creased efficiency lowers costs and emissions of carbon 

dioxide. 
The LFC process uses a unique computerized control system 
that can optimize the quality of the product fuels depending 	 CE will 'repower" the Lakeside unit with its air-blown, 
on specific market needs and the composition of the feed 	 entrained flow, two stage, pressurized gasifier. Low-BTU 
coal. The operating conditions can be varied to obtain a dif- 	 fuel gas will be burned in a modified combustion turbine to 
ferent mix of products. 	 produce 40 megawatts of electricity. Steam from a new heat 

recovery unit combined with steam from the gasifier will 
The demonstration plant will produce about 500 tons of solid 	 produce another 25 megawatts of power from the existing tur-
fuel and 500 barrels of liquid fuel per thy, depending on the	 bine generator. 
qualities of the feed coal. The fuels will then be tested in 
utility and industrial boilers. 	 This gasification unit will be the first to use a new hot gac 

cleaning system that promises to increase plant efficiency 
Both ENCOAL and Triton Coal are wholly owned sub- 	 and lower overall costs. 
sidiaries of Shell Mining Company. M.W. Kellogg of Hous-
ton, Texas will be responsible for the engineering, procure- 	 Operating at about 1,200°F, the system can absorb up to 
ment and construction activities. 	 99.9 percent of the sulfur contaminants from the coal gases. 

The hot gases flow through a bed of zinc ferrite pellets which 
TEK-KOL, a partnership between Shell Mining and SOT In-	 can be regenerated to produce marketable sulfur. 
ternational, is the owner and licensor of the LFC technology. 
501 International is the licensing contractor for the 	 The $270.7 million project will span 10 years, including 
TEK-KOL partnership. 	 5 years needed to test and operate the system. The plant will 

continue to provide power to the city as part of its commer-
If the project leads to commercial sales or licensing of the 	 cial grid during the testing period. 
technology, ENCOAL has agreed to repay the government's 
financial contribution to the project. The project will be 	 Design work and permitting for the new integrated power 
overseen by DOE's Morgantown Energy Technology Center 	 plant will begin this year. Construction work is expected to 
in West Virginia. 	 start in 1992, with initial operation scheduled to begin by 

1995. 
Design and permitting for the new plant have been com-
pleted. Construction got underway late this fall. A 2 year 	 DOE is providing $129.4 million, or 48 percent, of the 
operating period is scheduled to begin in early 1992. 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. 

fl## 
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CALDERON STARTS UP PILOT GASIFIER
	

The EDSB seized CoalBrilc's assets late last year after the 
company defaulted on its $1.25 million loan. 

A pilot gasification project in Alliance, Ohio began operat-
ing on October 31. Calderon Energy Company's $15 million 
pilot project has been running at 50 percent of design 
capacity during the early stages of operation. 

The pilot plant is testing a high-temperature gasification 
process to produce gases for liquid fuels and power produc-
tion. Coal is pyrolyzed into a rich gas that is cleaned in a 
single-step process making it ready for the production of syn-
gas. The remaining char from the process is converted into a 
lean gas that produces low NO and is suitable as a fuel for 
utilities. Because it removes 49 percent of the sulfur, the 
process can accommodate any type of coal. 

The federal government has contributed $12 million toward 
project costs, with another $13 million coming from the 
Ohio Coal Development Office. 

The pilot project, designed to process 25 tons of coal per 
day, is expected to operate for 6 to 12 months while operat-
ing data is gathered and any "bugs" in the system are worked 
out. Calderon Energy's president says that pilot operations 
"are going better than expected." 

Calderon Energy is in the planning stage for a commercial 
scale gasification facility that would process 500,000 tons of 
high-sulfur coal per year. The plant would be capable of 
producing 600 tons of methanol per day and would also in-
clude an 80 megawatt electrical power generation plant. The 
final site selection for the commercial plant is under con-
sideration. 

The company's president, A. Calderon, says that negotiations 
to sell power to Centerior Energy Company, the parent com-
pany of Toledo Edison, has reached an impasse and will 
probably go to arbitration. 

WYOMING CLEAN COAL PROJECrS HAVE UPS AND 
DOWNS 

Three Wyoming clean coal projects which have received 
funding assistance from the state have encountered financial 
obstacles with varying results. 

CoalBrIk 

In September, Wyoming officials put the planned liquidation 
of CoalBrlk of Wyoming on hold to give the company a 
chance to redeem its assets, mostly its plant at Rawlins. 

The Wyoming Economic Development and Stabilization 
Board (EDSB) said the company would be given until the 
end of November to pay off its state economic development 
loan debts to avoid the piecemeal sale of its assets.

The EDSB took ownership of the property in a Carbon 
County sheriff's sale in July and CoalBrlk was given 120 days 
from the date of the sale to pay off its debts. 

CoaIBrlIc had planned to manufacture bricks of low-sulfur 
coal for home heating use. 

Char-Fuels of Wyoming 

Wyoming Coal Refining Systems (formerly called Char-Fuels 
of Wyoming Inc.) which has thus far received $8 million in 
state loans, had scheduled a groundbreaking for spring 1990 
on its proposed demonstration plant near Glenrocic, but 
those plans fell through when the United States Department 
of Energy rejected the company's application for $12 million 
in federal funding. 

Since then, Wyoming Coal Refining Systems has had trouble 
raising money from private or public investors to build a 
proposed 150 ton per day plant. The plant would 
demonstrate a process to turn coal into a high-energy, low-
sulfur liquid slurry that can be pumped through pipelines to 
utilities. 

Now the company says it is concentrating on completion of 
some tests at the Western Research Institute in Laramie. 
The results of these tests will be taken to the Department of 
Energy in another effort to secure financial help. 

K-Fuels 

K-Fuels Partnership's subsidiary, Energy Brothers, was also 
reported to be behind on interest payments on an 
$11.7 million loan from the state. However, new outside 
financing has now been arranged. 

K-Fuels uses a high pressure technique to remove moisture 
from subbituminous coals, producing a pelletized fuel with 
over 13,000 BTU per pound which produces less than 
0.8 pounds of sulfur dioxide per million ETU. Demonstra-
tion tests have been successful and a test burn of the product 
at Wisconsin Power and Light (WPL) was satisfactory. As a 
consequence, WPL committed to buy up to 1 million tons 
per year. 

Funding for construction of a $50 million commercial plant 
which had been arranged through Bank of New England fell 
through last spring. Since then, WFL, through a subsidiary 
called ENSERV Inc., has purchased a controlling interest in 
the K-Fuel technology. K-Fuel Partnership believes this will 
allow the project to get back on track for a 1992 startup. 
The agreement with WPL calls for at least 400,000 tons of 
product to be delivered by January 1, 1993. 
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MORE BYPRODUCT DEVELOPMENT UNDER WAY AT	 were used internally as fuel to the boilers. The SNG, am-
GREAT PLAINS
	

monia, and sulfur were sold. 

Engineering work is moving forward to produce more 
byproducts at the Great Plains synfuels plant near Beulah, 
North Dakota. A spokesman for Dakota Gasification Com-
pany (DGC) says that the revenue produced through 
byproduct development will help to stabilize the plant's fu-
ture and increase profits in the years ahead. 

Byproduct Potential 

The data presented in Table 1 help to illustrate the physical 
size of the synfuels plant and identify the potential for chemi-
cal byproduct production. During February and March of 
1990, the plant consumed approximately 17,000 tons per day 
of North Dakota lignite and 15,000 tons per day of steam. In 
addition, 14,700 tons per day of air were cryogenically 
separated to yield 3,400 tons per day of oxygen for the 
gasifiers. During this same period, the plant produced ap-
proximately 3,380 tons per day (160 million standard cubic 
feet per day) of synthetic natural gas (SNG); 70 tons per day 
of anhydrous ammonia; and 50 tons per day of sulfur. The 
plant also produced 220 million standard cubic feet per day 
of CO, waste gas; 27,000 gallons per day of Rectisol naph- 
tha; 37,000 gallons per day of crude phenol; and 
147,000 gallons per day of tar oil. The four latter streams

Table 2 (on the next page) gives a breakdown of the poten-
tial byproducts which could be recovered from the plant with 
additional capital and operating investment. These 
byproducts include argon, krypton/xenon, carbon dioxide, 
aromatic naphtha (benzene, toluene, xylene), phenol, cresols, 
xylenols, and creosote wood preservative. 

The argon, krypton, and xenon are byproducts of the air 
separation process used to produce oxygen for the gasifiers. 
The oxygen plant has the potential of producing upwards of 
2.2 million standard cubic feet per day of crude argon and 
340 standard cubic feet per day of crude krypton/xenon mix. 
DOC's argon production would amount to between 5 and 
10 percent of the United States argon demand. 

The majority of carbon dioxide originating at the synfuels 
plant is produced in the gasifier& This CO,, along with 
is separated from the synthesis gas by absorption in cold 
methanol in a Rectisol unit. The plant produces on the or-
der of 220 million standard cubic feet of CO 2 waste gas daily. 
This gas is scrubbed in a sulfur recovery unit to remove most 
of the 1{,S. The treated gas is then used as one of the fuels 
for the prant's boilers. Crude oil prices in the range of $25 to 

TABLE 1

GROSS MATERIAL BALANCE FOR GREAT PLAINS SYNFUELS PLANT 

Material In 

Air 
Steam 
Lignite 

Total In 

Material Out

Tons/Day	 Gallons/Day 

14,700 
15,223 
17354 

47,277

MMSCFD 

385 

SNG 3,382 160 
NH 69 3 
Sul?ur 52 
N,Ar, Kr, Xe 11,273 301 

Waste Gas 12,813 220 
Rectisol Naphtha 94 27,000 
Crude Phenol 164 37,000 
Tar Oil 624 147,000 
Process Water 17,146 4,117,000 
Ash 1,122 
Miscellaneous Streams 538 

Total Out 47,277
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TABLE 2 

POTENTIAL BYPRODUCr YIELDS
FOR GREAT PLAINS
SYNFUELS PLANT

Tons/Day

Argon 114 
Krypton/Xenon 0.04 
Carbon Dioxide 12,986 
Aromatic Naphtha 133 

Benzene 47 
Toluene 23 
Mixed Xylenes 10 

Phenol 66 
o-Cresol 17 
m,p-Cresol 37 
Mixed Xylenols 32 
Creosote 350	 -

feet per day of SNG, it also produces sufficient tar oil to 
yield 350 tons per day of creosote. 

Byproduct Development 

In the first major byproduct area, work began in April on a 
phenol recovery facility that is now near completion. This 
project will produce 35 million pounds of phenol annually, 
providing manufacturers an ingredient for plywood and chip-
board resins. The company's $20 million investment in the 
project is expected to be recouped in about 2 years. 

A krypton/xenon unit is also under construction and remains 
on schedule after ground breaking in late June. Rare gases 
from this project are to be marketed to the lighting industry 
starting in January. Last year, DGC signed a 15-year agree-
ment with the Linde Division of Union Carbide Industrial 
Gases Inc. to sell all of the plant's production of the 
krypton/xenon mixture. 

The DGC board of directors has approved preliminary en-
gineering for projects to produce creosote and purify the 
naphtha stream. Refining the tar oil stream to produce 
creosote also provides other materials for potential sale or 
further refining. 

$30 per barrel are required to make CO2 utilization economi-
cally feasible. 

Some of the more economically attractive byproducts 
produced by the synfuels plant are the various aromatic, 
phenolic, and creosote wood preservative-type materials. 
These materials are recoverable either from the Rectisol 
naphtha, raw tar oil, or crude phenol streams. 

The Rectisol naphtha could be blended with the lightest boil-
ing 6 percent of the raw tar oil. The blend could be 
hydrotreated to reduce sulfur-, nitrogen- and oxygen-
containing components to very low levels. This would yield a 
purified benzene, toluene, xylene (BTX) feedstock, having 
approximately 60 percent aromatic content. 

The synfuels plant also offers the potential for producing 
66 tons of phenol, 54 tons of mixed cresols, and 32 tons of 
mixed xylenols daily. Of these, the phenol is the easiest to 
recover and offers the most immediate rewards. 

In addition, the synfuels plant also offers the potential for 
production of a creosote wood preservative product. For ex-
ample, when the plant produces 160 million standard cubic

The wood preservative project involves separating about 
450 million gallons per year of tar oil into three products. 
The other two products that result from this process are 
streams of liquid naphtha and cresylic acid. 

Sales are projected at 12.5 million gallons annually for the 
creosote either as a wood preservative, fuel or feedstock in 
the petrochemical industry. 

In the other new project at Great Plains, process design en-
gineering funds for a naphtha hydrotreater also were ap-
proved. Currently naphtha is burned as boiler fuel at the 
plant. By removing sulfur, nitrogen and oxygen in a 
hydrotreating unit, the stream has greater value as a 
petrochemical feedstock. 

Investment in the two projects would be about $19.6 million. 
Payback on the investments is expected in 3 to 5 years. 
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CORPORATIONS 

DAKOTA GASIFICATION FILES SUIT OVER GAS SALES 	 produced by two advanced coal technologies—pressurized 
CONTRACT	 fluidized bed combustion and gasification combined cycle sys-

tems. 
Dakota Gasification Company (DGC),a subsidiary of Basin 
Electric, has riled suit in federal court in Bismarck, North 
Dakota over gas sales contracts the company has with four 
buyers. The firms named in the suit are ANR Pipeline Com-
pany, Tennessee Gas Pipeline Company, Transcontinental 
Gas Pipe Line Corporation and Natural Gas Pipeline Com-
pany of America. 

According to DGC, the four firms are required to purchase 
100 percent of the 165 million cubic feet per day production 
of synthetic natural gas from its Great Plains coal gasifica-
tion plant near Beulah, North Dakota. The lawsuit claims 
that the four buyers have understated the calculated selling 
price of the gas. There was a contractual change in the 
method used for determining the selling price which became 
effective in July 1989. 

In addition to the confusion over the selling price for syn-
thetic natural gas, the Great Plains plant has been forced to 
limit production because of gas transportation problems 
which began in mid-1990. 

DGC vice president and chief operating officer, K Janssen, 
said that a cutoff of interruptible natural gas transportation 
in the Northern Border pipeline is restricting the company's 
output of synthetic natural gas, which not only decreases the 
quantity of gas sold but also increases the average cost of gas 
produced. 

The combination of production cutbacks and the lower sell-
ing price of synthetic natural gas has resulted in August 
being the first deficit month since the plant was acquired in 
1988. Janssen said that these problems and uncertainties 
emphasize the need for the company to develop byproducts 
as an additional source of revenue. 

nfl 

SOUTHERN COMPANY SERVICES TO TEST HOT GAS 
CLEANUP PROCESSES 

Southern Company Services, Inc. of Birmingham, Alabama 
has been joined by the United States Department of Energy 
(DOE) in a 5-year, $46 million effort to spur the develop-
ment of advanced gas cleaning systems that could be the 
final link between advanced coal fired power generating con-
cepts and the commercial marketplace. 

Under the new agreement, 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

Both systems use hot coal gases to drive gas turbines as part 
of a highly efficient combined cycle power plant. The ash 
particles that result from coal combustion can damage tur-
bine blades and other sensitive plant equipment. Conven-
tional cleaning methods first cool the gases, which then must 
be reheated to run high efficiency turbines. 

Advanced "hot gas" cleaning methods have the potential to 
remove more than 99.9 percent of the particulates from com-
bustion gases while increasing plant efficiency. 

The new test facility at Wilsonville will move the hot cleanup 
techniques from laboratory research to integrated engineer-
ing tests. Actual gases from coal gasification or combustion 
will be used. 

A vessel will be built to create coal gases for the tests, con-
suming up to 2 tons a day of coal to create particulate-laden 
hot gases in an amount similar to what would be produced 
from a 2 to 3 megawatt power plant. Gases typical of both 
high pressurized combustion and different methods of coal 
gasification will be produced. 

Researchers will be able to evaluate the performance of the 
cleanup devices while varying gas temperatures, gas pres-
sures, particulate levels, particulate sizes, and types of coal. 

The flaibility and scale of the new facility will allow 
researchers to aamine several engineering issues, including 
filter geometry, techniques to clean the filters, temperature 
limits, manifold designs, and the integrity of filter seal 
materials. 

The new contract calls for tests of two advanced cleanup sys-
tems. Devices tested may include those from previous 
research, including ceramic barrier filters, granular bed fil-
ters, and particle agglomerators. Southern Company Serv-
ices will recommend and select the cleaning systems in con-
sultation with DOE. 

Design and construction of the test facility will take three 
years. Southern Company Services and M.W. Kellogg of 
Houston, Texas will design the facility, which will be built by 
Alabama Power Company and operated by Southern 
Electric International Inc. The Southern Research Institute 
will oversee the evaluation of the cleanup systems. 

DOE is providing $36.8 million, or 80 percent of the 
contract's total cost. Southern Company Services, with sup-
port from the M.W. Kellogg Company and the Electric 
Power Research Institute, is providing the remaining 
$92 million.
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DOE is currently sponsoring two other coal research efforts	 technology and a unit that cleans coal before it is used. 
at the Wilsonville plant, a test facility for coal liquefaction
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GOVERNMENT 

DOE RESTARTS CLEAN COAL PROGRAM 

After several months of delay, the $5 billion Clean Coal 
Technology Program has been restarted. On 
November 20, 1990, the United States Department of 
Energy (DOE) issued the draft solicitation for the program's 
fourth round of competition. 

DOE is asking the public to submit comments on the 
proposed document by December 14, 1990. Comments will 
be considered in preparing the official call for proposals 
which is scheduled to be released by February 1, 1991. 
Proposals will be due by June 3, 1991. 

The government is expected to offer at least $568 million in 
federal cost sharing for projects that demonstrate environ-
mentally clean ways to use coal. The funding could be in-
creased if DOE decides to add monies not required for 
projects selected in previous rounds of competition. 

The fourth round of competition in the joint government-
industry demonstration program had been delayed since 
June because of concern over an attempt to limit the 
program to certain utilities. However, Congressional nego-
tiators eliminated this provision from the final version of the 
Clean Air Act amendments, clearing the way for DOE to 
resume the fourth round of competition. The fifth and final 
round of the program is scheduled to begin in 1992. 

As in the previous three rounds of competition, the solicita-
tion outlines criteria for selecting projects and provides 
detailed guidance on submitting proposals. 

In the draft solicitation, the department appears to place 
greater emphasis on technologies that will be needed to 
comply with the requirements of the new Clean Air Act. 
This could include improved technologies for reducing pol-
lutants at existing facilities or highly efficient technologies 
for new plants after the year 2000 when a permanent cap on 
sulfur emissions goes into effect.

The fourth-round solicitation introduces a new evaluation 
criterion based on how each proposed technology will cost-
effectively improve thermal efficiency of utility or industrial 
facilities. An increased emphasis on higher efficiencies 
responds to concerns about the potential impact of 
greenhouse gases on the Earth's climate. 

Extra credit will be given for technologies that reduce 
greenhouse gas emissions, and emphasis is also being placed 
on technologies that reduce toxic air emissions. 

The draft solicitation contains several other changes from 
previous competitions. For example, proposers would be 
asked to describe how commercial use of theft technology 
will enhance the competitiveness of United States industry 
and provide "value added benefits" to the United States, 
such as improvements in the nation's trade position, creation 
of jobs, and generation of revenue. 

A proposed new "program policy factor would allow the 
selection process to consider funding projects that enhance 
energy security at remote, import-dependent sites as well as 
projects that expand fuel options in areas that currently 
depend on a single fuel. 

New language in the solicitation also allows DOE to protect, 
for up to 5 years after completion of a project, certain infor-
mation considered to be a trade secret or otherwise 
privileged or confidential. 

Provisions for repaying the government's share of project 
costs remain unchanged from the third round. Repayment 
will be based on one-half of 1 percent of equipment sales 
and 5 percent of licensing fees. 

The department plans to conduct a preproposal conference 
for prospective proposers on February 5, 1991. 
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ENERGY POLICY & FORECASTS 

GRADUAL SHIFT TO CHEMICALS FROM COAL SEEN 
BY EASTMAN 

In 1983 Eastman Chemical Company became the rust 
United States manufacturer to produce a modern generation 
of industrial chemicals by using coal as a feedstock. The 
facilities located at Tennessee Eastman Company in 
Kingsport, Tennessee continue to operate profitably on coal. 

The potential future of chemicals from coal was discussed by 
Eastman's V.H. Agreda and P.R. Worsham at the Seventh 
International Pittsburgh Coal Conference. They state that, 
today, the choice of feedstock for chemicals production 
depends on complex technical, economic, environmental, 
and political factors. Clearly, not all chemical products 
which could be made from coal are suitable for production 
with current technology. Some of the factors which must be 
considered in the evaluation of the appropriate feedstock for 
a particular chemical product are; 1) the correspondence be-
tween the carbon/hydrogen ratio in the chemical and the 
feedstock, 2) the delivered cost of alternative raw materials, 
3) capital costs, 4) environmental protection, and 5) the 
reliability of supply. 

Except for special situations, the manufacture of chemicals 
from coal at today's coal prices relative to the prices of 
petroleum and natural gas is not attractive economically. 
Special situations typically are the result of the concurrence 
of several favorable factors, such as the location of manufac-
turing facilities very close to coal mines with coal types that 
closely match the needs of the desired operation, coupled 
with the use of a process that can best utilize the composi-
tion of such coal with minimal conversion towards the 
hydrogen-to-carbon ratio of competing feedstocks. Alterna-
tively, other situations arise due to political considerations 
where government subsidies or a closed economy provide 
the incentives for the development of a synthetic fuels 
and/or a coal based chemicals industry. 

Current Technologies for Chemicals from Coal 

Coal chemicals typically have been obtained as byproducts 
from processes primarily designed to produce another end 
product such as motor fuel, town gas, or coke. Except under 
certain favorable conditions, says Eastman, economics still 
suggest that production of chemicals needs to be coupled 
with production of other end products. 

Production of coke remains the most important technology 
associated with the direct production of chemicals from coal. 
Industrial chemicals currently obtained in significant 
amounts from this source include benzene, toluene, xylene, 
naphthalene, anthracene, phenanthrene, phenol, ammonia, 
ammonium sulfate, sulfur, and carbon dioxide. The vast 
majority of aromatics production from coal takes place in 
Eastern Europe, India, and Japan.

The combination of chemicals and fuel production results in 
a type of synergism which can benefit the economics of both 
end products. Thus, some chemicals which cannot be 
produced economically as primary products from coal may 
be obtained as revenue generating coproducts which 
enhance the overall economics of fuel production. This con-
cept has prompted efforts at Great Plains and Sasol to in-
crease the recovery of chemical byproducts from these 
facilities. 

In recent years three commercial scale plants have been con-
structed for conversion of coal to synthesis gas specifically 
for chemical manufacturing. These plants include the 
Eastman acetic anhydride plant, the Ube ammonia plant, 
and the SAR oxo chemicals plant. Of these, the Eastman 
plant is the only one still operating exclusively on coal. 
Feedstock changes at the other plants illustrate the vul-
nerability of coal conversion processes to a changing 
economic climate. The fact that the Eastman process 
remains competitive under changing conditions is testament 
to a set of special circumstances which favor a coal based 
process. 

Chemicals from Coal at Eastman 

The Tennessee Eastman chemical plant is constructed on a 
55-acre site adjacent to the existing manufacturing plant. 
Facilities constructed include a coal gasification plant for syn-
thesis gas manufacture, raw gas cleanup and separation 
facilities, a sulfur recovery unit, a coal fired steam plant, and 
chemical plants to produce methanol, methyl acetate, and 
acetic anhydride. The plant gasifies approximately 900 tons 
of coal per day to produce 500 million pounds of acetic 
anhydride, 390 million pounds of methyl acetate, and 
365 million pounds of methanol per year. In addition, 
150 million pounds per year of acetic acid may be produced 
with acetic anhydride. 

The Eastman chemicals from coal plant is said by Agreda 
and Worsham to be an economically attractive process for 
commercial production of acetic anhydride. Several of the 
factors that contribute to the favorable economics are 
described below. 

- The hydrogen-to-carbon monoxide ratio of the syn-
thesis gas is well suited to the combined production 
of methanol and acetic anhydride. 

The methyl acetate and acetic anhydride plants are 
highly energy efficient, and they use medium- and 
low-pressure steam produced by cooling the 
gasifier product. Elimination of a radiant-heat sec-
tion on the gasifier reduced the cost and improved 
the reliability of the gasifier. 
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The acetic anhydride is used in existing processes 
to make cellulose acetate. The reaction with cel-
lulose produces byproduct acetic acid, ãhich can be 
recycled to the methyl acetate plant to react with 
methanol. This combination of processes 
eliminated the need to construct an acetic acid 
plant. 

The operating cost of a coal based chemical plant is 
less than that for a natural gas or petroleum based 
plant. 

- Tennessee Eastman Company is located very near 
the Appalachian coal fields, which minimizes the 
delivery costs. 

A flow sheet of the chemicals from coal plant is shown in 
Figure 1.

which existing processes have been demonstrated, but which 
lack economic merit at this time. Relatively small improve-
ments in technology or shifts in feedstock availability, cost of 
capital, or political factors could enhance coal based 
processes for production of methanol, ethanol and higher al-
cohols, vinyl acetate, ethylene glycol, carboxylic acids, and 
light olefins. 

Developing technologies aist for the partial oxidation of 
coal to organic acids, plasma pyrolysis of coal for the produc-
tion of acetylene and other small molecules and for the 
manufacture of additional chemicals such as acetaldehyde 
from synthesis gas. Also, the use of coal-tar for the manufac-
ture of high temperature resistant engineering plastics, and 
the bioconversion of coal to aromatics, organic acids, al-
cohols, and methane have been reported. Innovative 
strategies are being considered which offer potential for 
reducing the costs of energy and chemicals produced from 
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Emerging Chemicals from Coal Technologies 

The success of the Eastman chemicals from coal complex 
demonstrates that synthesis gas from coal is a viable 
feedstock for some industrial chemicals given a specific set of 
conditions. Thus Eastman believes the slate of chemicals 
produced from coal derived synthesis gas will expand as new 
technologies are developed and supplies of petroleum and 
natural gas dwindle. The most likely chemicals are those for

coal by taking advantage of waste disposal credits through 
gasification of coal mixed with waste streams. Mild gasifica-
tion is another emerging technology being actively pursued. 
Benzene and phenol are large volume chemicals potentially 
available from mild gasification of eastern coals and several 
high value carbon products are available from the char 
produced using western coals. 
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Significant growth in volume of chemicals produced from 
coal depends on changes in the economic and political 
climate more than on technological breakthroughs. Some of 
the changes which could promote the use of coal as chemical 
feedstock are: 1) tensions in the Middle East resulting in cur-
tailment of petroleum supplies, 2) significant growth in the 
use of methanol in motor fuels, 3) reduced costs of synthesis 
gas arising from growth of 10CC powerhouses, and 4) 
gasification of coal/waste mixtures as a method of environ-
mentally beneficial recycling of waste streams. 

In summary, Agreda and Worsham predict a long-range 
scenario with petroleum feedstocks and natural gas liquids 
continuing to be available but at increasingly higher prices. 
Coal based liquids will become available at progressively 
more competitive prices. At first the bulk of chemicals 
production will continue to be based on byproducts and 
coproducts of fuels production. As oil and natural gas sup-
plies are depleted, special situations will give rise more fre-
quently to favorable economics for the specific manufacture 
of chemicals from coal. 

COAL CONVERSION SEEN AS BRIDGE TO THE 
FUTURE IN SOUTHEAST ASIA 

Remarks by U.W. Soelistijo of the Ministry of Mines and 
Energy, Republic of Indonesia, delivered to the SynOps 90 
conference held in Bismarck, North Dakota in August indi-
cate that coal constitutes an alternative energy resource to 
petroleum in southeast Asia, and can act as a bridge to fu-
ture nonconventional energy use. However, the use of coal 
as a solid fuel on a large scale will increase pressure on the 
environmental carrying capacity of the region, so it will be 
necessary to develop clean coal technology such as carboniza-
tion, gasification and liquefaction, not only for industrial fuel 
but as liquid and gaseous synthetic fuels. 

Soelistijo suggests that the Asia-Pacific region will be the cen-
ter of the future development of industry, trade, and modem 
technology. This belief is based on the abundant natural 
resources, as well as the industriousness and dynamism of 
the people of this region. In the last decade, the Asia-Pacific 
region has achieved a remarkable economic growth rate. 
The energy sector is one of the important prime movers for 
this development. 

The Pacific region covers developed countries such as the 
United States, Canada, and Japan; and the Newly Industrial-
ized Countries (ilCs) such as South Korea, Taiwan, Hong 
Kong, and Singapore; as well as developing countries like 
ASEAN countries and the People's Republic of China. 

Economic growth of the Pacific region has brought an in-
crease in energy demand, which at the moment is mostly met 
by oil resources. However, oil reserves cannot guarantee a 
continuous, adequate energy supply. Therefore, it is con-

sidered necessary to take steps to reduce dependence on oil 
as a source of energy. 

Coal Resources 

Southeast Asia (ASEAN) coal reserves have been estimated 
at 36.8 billion tons, of which Indonesia possesses 31.9 billion 
tons (86.9 percent), Malaysia 1.4 percent, Thailand 
6.3 percent, and the Philippines 5.4 percent. Mostly, the type 
of coal consists of lignite, subbituminous coal, and the rest is 
a small quantity of (semi)-anthracitic coal. Coal utilization 
in ASEAN countries is mainly for electric power generation, 
then for the cement industry, and small industries. 

Indonesia 

In Indonesia coal production in 1989 reached 8.7 million 
tons, of which 5.66 million tons were consumed by steam 
power electricity generating plants, the cement industries, 
smelting industries and other industries. 

Coal utilization in the future is expected to rise in quantity in 
line with the national policy of energy diversification. For 
example, in 1989 the electricity power generating plants in 
Indonesia consumed 3.86 million tons of coal. In the 
year 2000 it is projected that they will be using between 
15.40 million tons (lower projection) and 28.90 million tons 
(higher projection). The cement industry's 1989 production 
capacity was 17.41 million tons, which will be increased to 
reach 25.89 million tons in 2000, when these industries will 
be utilizing 3.23 million tons of coal. In addition, the oil in-
dustry is expected to be consuming coal for the exploitation 
(secondary recovery) of the Duri-Riau oil reserve. Based on 
surveys carried out in cooperation between the Mineral Tech-
nology Development Centre and Japan International 
Cooperation Agency, the prospect of coal for small scale in-
dustries and rural households in Indonesia is also said to be 
bright. Another coal use which is being considered is to fuel 
the petrochemical industries. 

Indonesia Policies, Strategies, and Programs 

Indonesia as an oil exporting country is not affected by the 
oil crisis. Yet, Soelistijo points out that a long term program 
for the future is being considered because the rapidly grow-
ing population will need adequate amounts of energy. This 
is obvious from the relationship between the increase of 
gross domestic product and the increase of energy utiliza-
tion. Due to domestic energy demands for petroleum, there 
is great concern that the income from petroleum exports may 
decrease as a result. 

Developing transportation facilities in Indonesia is a par-
ticular problem because it is necessary to build an extensive 
infrastructure network to connect the nation's numerous is-
lands, many of which are still relatively isolated. 

In Indonesia, the importance of coal has been acknowledged 
at the national level so that it is given full attention by the 
government both for development and utilization. 
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Soelistijo concludes that the utilization of coal as a bridge 
between current conventional energy sources and future non-
conventional energy sources must as soon as possible be in 
the form of synfuels because of the environmental problems 
of direct coal use. In the era of nonconventional energy, 
coal utilization will decrease and be replaced by the use of 
new energy sources such as wind, solar, and nuclear. En-
vironmental aspects will then be addressed by the use of a 
built-in system which Incorporates environmental factors into 
energy planning and decision making. 

Moreover, ASEAN coal utilization in the future, as a source 
of energy as well as non-energy products, could be based on

the concept of national development to support global 
economic growth. The application of this fundamental con-
cept requires supporting systems such as information sys-
tems, clean coal technology and manpower development. 
This concept is In line with the process of transforming any 
natural resource into a source of economic potential and 
finally into a form of social capital which can improve 
people's lives. 
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ECONOMICS 

SHELL COAL GASIFIER PREDICTED TO BE 
ECONOMICAL FOR TRANSPORTATION FUELS IN 2003 

The Shell Coal Gasification Process (SCGP) is an oxygen-
blown, entrained flow coal gasification technology utilizing a 
proprietary thy coal feeding system. 

In 1987 an advanced demonstration unit called SCGP-1 was 
placed in service in the United States at Shell's Deer Park 
Manufacturing Complex near Houston, Texas. SCGP-1 has 
a capacity which ranges from 250 tons per day on bituminous 
coal to 400 tons per day on high moisture, high ash lignite. 
Illinois No. 5 coal was introduced to SCGP-1 in July 1987. 
Within 3 days of operation the plant had achieved design con-
ditions. 

The successful operation of SCGP-1 has confirmed the 
reliability, flexibility and environmental superiority of the 
Shell process. Shell expects that over the next 10 to 20 years 
SCGP technology will be broadly applied in the United 
States in a variety of commercial applications. 

Coal gasification timing is influenced not only by the capital 
and operating costs, but is also very sensitive to future 
energy pricing. Shell's estimate of the earliest time frame for 
each SCGP application is illustrated in Figure 1. A band is 
shown for each application to reflect the uncertainty as-
sociated with the cost of the coal derived product as well as 
the sensitivity of the end product price forecast to small 
changes in energy prices.
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Coal Gasification Combined Cycle Power Generation 

One of the earliest and largest markets for SCGP is expected 
to be in the electric utility industry. Independent of oil and 
natural gas prices, coal will very likely continue to be the 
primary hydrocarbon fuel for electricity generation. Over 
50 percent of the electricity in the United States is currently 
generated from coal and increased utilization will be neces-
sary to meet the growing elect jcity demand. Most recent 
forecasts predict United States electricity growth of 2 to 
2.5 percent per year. 

Shell says it is not unrealistic to expect that 
200,000 megawatts of coal based capacity could be added 
before 2005. This corresponds to a requirement for almost 
2 million tons per day of new coal facilities, much of which 
would replace old, inefficient coal fired steam plants with 
minimal emissions control. 

The Shell process has demonstrated flexibility and reliability 
as well as the potential for low cost and easy scaleability. 
These were identified as the major considerations in the 
recent selection of SCGP by a European electric utility, 
N.W. Samenwerkende Electriciteits - Produktiebedrijven 
(SEP), for use in a nominal 250 megawatt coal gasification 
combined cycle power plant. 

The SEP project will be built in The Netherlands and is 
scheduled to start up in 1993. The coal gasification facility 
will employ a single 2,000 ton per day coal gasifier, and will 
be the largest coal gasification combined cycle power plant 
in the world. 

Methanol 

At the present time, steam reforming of natural gas is widely 
practiced for methanol production. Considerable interest 
has been expressed, at both state and federal levels, in the 
use of methanol as a motor fuel alternative to gasoline and 
diesel or as a constituent in the production of oxygenated 
fuel additives, such as methyl tertiary butyl ether (MTBE). 
The emergence of methanol as a major transportation fuel 
or the widespread use of methanol derivatives in reformu-
lated gasoline would require substantial new methanol 
production capacity. Potential new sources of methanol for 
a United States market include production from remote gas 
in countries such as Trinidad and Saudi Arabia, production 
in the United States Gulf Coast from domestic natural gas 
and production from coal in the Midwest near existing coal 
mines. 

A new methanol plant based on SCGP technology, produc-
ing 500 million gallons per year of methanol from coal and 
located in the Midwest is estimated to cost approximately 
$800 million. An equivalently sized plant based on steam 
reforming of natural gas and located in the United States 
Gulf Coast is estimated to cost $530 million while the same 
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with SCOP is cost competitive with other technologies that 
convert coal into liquid hydrocarbon fuels, such as coal li-
quefaction. 

size natural gas based methanol plant located in Saudi 
Arabia is estimated to cost $820 million. 

Shell's calculations show that methanol from coal is very com-
petitive with other sources of supply, particularly in the Mid-
west where a coal to methanol complex can be sited near 
developed coal reserves and take advantage of established 
transportation systems. However, fuel methanol or 
methanol derived gasoline additives must ultimately compete 
with gasoline produced in existing refineries and marketed 
through existing distribution networks. On that basis, Shell 
says methanol or its derivatives are not likely to become com-
petitive with gasoline until after the turn of the century. 

A coal to synthetic natural gas (SNG) facility can be built at 
a coal minemouth location, taking advantage of low cost 
coal. SNG can then be pipelined to local distribution com-
panies and distributed through the existing infrastructure. 

An SNG facility located in Wyoming and consuming 
24,000 tons per day of coal to produce 260 million standard 
cubic feet per day of methane is estimated to cost 
$2.1 billion. SNG cogs are capital intensive and facilities of 
greater than 200 million standard cubic feet per day will prob-
ably be required to be cost effective. Based on current 
natural gas price projections, Shell says it will be 10 to 
15 years before SNG can begin to compete with domestically 
produced natural gas (Figure 2).

An SCGP/SMDS plant located in Wyoming and consuming 
approximately 27,000 tons per day of coal to produce 
50,000 barrels per day of liquid product (assumed to be 
15 percent naphtha, 45 percent kerosene and 40 percent dis-
tillate fuel) is estimated to cost $2.5 billion. Production of 
synthetic fuels from coal is much more expensive than con-
ventional petroleum refining at prevailing crude oil prices, as 
illustrated in Figure 3. Assuming crude prices remain fairly 
stable with only modest increases, Shell says it could be 10 to 
15 years before coal derived fuels can compete with conven-
tional sources of supply. However, technologies have con-
tinued to advance since the oil price shocks and supply dis-
ruptions of the 1970s and similar experiences in the future 
could lead to fairly rapid deployment of synthetic fuels tech-
nologies, including SCGP coupled with the SMDS process. 
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Conventional Transportation Fuels 

Shell has developed FP'Y technology which can be 
used to convert the synthesis gas produced from coal gasifica-
tion into a variety of transportation fuels such as gasoline, 
aviation turbine fuel and diesel. The technology is par-
ticularly well suited for producing high quality distillate frac-
tions and is therefore referred to as the Shell Middle Distil-
late Synthesis (SMDS) Process. SMDS technology coupled
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Shell concludes that coal gasification technology is destined 
to play a major role in America's energy future because it of-
fers the potential to utilize America's most abundant 
hydrocarbon resource to produce electricity, transportation 
fuels, SNO and a variety of industrial chemicals. 

The earliest commercial application of SCGP will be in con-
junction with combined cycle power generation. However, 
relatively near term opportunities also exist for production of 
ammonia, methanol and other syngas chemicals. Ultimately, 
increasing oil and natural gas prices combined with advances 
in coal gasification technology should create substantial 
market opportunities for the production of SNG and conven-
tional transportation fuels from coal. 

'Sn 
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BRITISH COAL EXPECTS LSE PROCESS TO BE 
PROFITABLE AFrER YEAR 2000 

British Coal Corporation is developing its Liquid Solvent Ex-
traction (LSE) process in a 2.5 tonne per day pilot plant at 
Point of Ayr, North Wales, At the Seventh Annual Pius-
burgh Coal Conference, held in September, a paper from 
British Coal discussed the process modeling and economic 
modeling efforts which are being carried out in conjunction 
with plant operation. 

The Process 

In the "core" of the LSE process (Figure 1), dried pulverized 
coal is slurried with a process-derived hydrogen donor sol-
vent. The slurry is fed to a digester at approximately 4000C 
and under sufficient pressure to stop undue evaporation of 
the solvent. Digestion dissolves up to 95 percent of the coal. 
The resulting digest is cooled to 3000C, depressurized and fil-
tered to remove the mineral matter and any undissolved 
coal. The filtrate is pressurized to 210 bar and preheated 
before being mixed with hydrogen gas and fed to an ebul-
lated bed hydrocracker operating at 400 to 450 0C and yield-
ing products of a relatively low boiling point. The 
hydrocracker products are distilled to recover solvent for 
recycling and to give three main products: LPG (propane 
and butane), naphtha (boiling below 1800C) and middle dis-
tillate (180 to 3000C). Additionally, some pitch (+450°C) is 
produced as a byproduct. The remaining byproducts consist 
of light hydrocarbons, and gases formed from the nitrogen 
and sulfur in the coal.

The Point of Ayr pilot plant has been built to operate this 
core process at 2.5 tonnes per day of coal input. British Coal 
says there is sufficient flexibility in the plant design to allow 
the testing of alternative configurations to the basic one 
described above. For example, the pitch product may be fed 
to a delayed colter to maximize the yield of distillates and 
produce a premium grade coke. The coker may also be used 
as a "sat-cracker" to prevent the build up of saturated com-
pounds in the solvent which can reduce its effectiveness. 

For a commercial plant, a number of other processing units 
would be added to the core. Coal would have to be dried 
and crushed. Hydrogen for the hydrocracker would be 
produced by steam reforming of hydrocarbon gases and by 
the gasification of filter cake and coke. Oxygen for the 
gasifier would be produced by an air separation plant. The 
pitch byproduct would be used as a fuel for process fired 
heaters and for a power station which could also produce 
some electricity for export. The distillate products from the 
core require further upgrading before they can be used as 
transport fuels and the necessary refining equipment would 
form part of the plant. The principal products would be 
gasoline and diesel fuel. 

Economic Modeling 

An economic model has been developed using probabilistic 
risk analysis and standard discounted cash flow (DCF) tech-
niques. Thus, some of the uncertainty of future events has 
been taken into account by specifying the input data in terms 
of probability distribution functions rather than single "best 
estimate" numbers. 

FIGURE 1
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The revenues from the plant are calculated from the yields 
and estimated values of the various products. Hydrocarbons 
are valued as a multiplying factor on the crude oil price. At 
present no credit is taken for non-hydrocarbon byproducts. 
The difference between the total revenue and the operating 
and fuel costs provides the plant's operating profit. Figure 2 
shows that the operating profit is almost certainly positive 
from the year 2000 and British Coal's expectation is that it 
will rise from then on. Subtracting the capital repayment 
charges from the operating profit yields the annual net 
profit. 

FIGURE 2 

PREDICTED OPERATING PROFIT 
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An informative measure of the viability of a plant is its net 
present value (NPV) at the start of production. The NPV is 
calculated from all the profits and losses accrued over the 
lifetime of the plant. For a plant which begins its design and 
construction period in 2005, would commence production 
somewhere between 2011 and 2013, and would have a 
20 year lifetime, the model calculates a negative NPV at a 
10 percent DCF rate, with only a 45 percent chance of being 
positive. For a plant expected to run for 25 years, the expec-
tation is for a positive NPV but the probability of making a 
10 percent real return on the capital investment is still only 
60 percent. For a plant whose design and construction 
period begins in 2015, a 25-year plant is calculated as having 
an 88 percent chance of earning 10 percent real return. 

British Coal points out that a real rate of return of 
10 percent is not necessarily achieved by many operating 
refineries or chemical plants, even though they may have 
been authorized initially on higher projected rates. On the 
same assumptions as used previously, the "2005 plant" with a 
25 year lifetime has a very high (97 percent) chance of 
making a real rate of return of 6 percent. This rate of 
return, though modest, might well be acceptable in many cir-
cumstances.

nfl

STUDY FINDS BENEFITS FOR INTEGRATED MILD 
GASIFICATION AT HOMER CITY SITE 

The Pennsylvania Electric Company (Penelec) of Johnstown, 
Pennsylvania completed in September a 12-month study of 
the effectiveness of integrating a mild gasification process at 
the Homer City (Pennsylvania) electric power generating sta-
tion. This work was funded by Pennsylvania Electric Com-
pany, the New York State Energy Group, and the United 
States Department of Energy through its Morgantown 
Energy Technology Center. 

According to Penelec, the results of the feasibility study show 
that significant technical and economic benefits arise from 
the integrated mild gasification concept. A capital cost 
savings of $93 million can be realized with respect to a stand-
alone mild gasification process using a fluidized bed reactor. 

An economic analysis showed that, based on current prices 
for mild gasification products, reasonable rates of return on 
capital investment would be possible. The study highlighted 
significant cost savings to the utility which would result from 
elimination of fine coal handling procedures and environmen-
tal problems at the existing site. 

fin 

HIGH VALUE COPRODUCI'S SEEN AS KEY TO 
SUCCESS OF IGT MILD GASIFICATION 

Mild gasification of coal may be the most affordable route to 
increase coal utilization in the present economic climate by 
producing value-added industrial materials and chemical 
feedstocks. Mild gasification uses operating conditions of 
1,0000 to 1,300°F and near-atmospheric pressure to convert 
coal to a slate of solid and liquid coproducts. The energy for 
mild gasification is provided by recirculated gases, recircu-
lated char, or a combination of the two, to maximize the 
yield of condensable hydrocarbons. 

Because of the mild operating conditions and process 
simplicity, mild gasification plants can be built with standard 
materials of construction, using well-known engineering 
design and construction practices. As a result, the capital 
and operating costs are expected to be relatively low. 

With the support of the United States Department of 
Energy, a project team consisting of the Institute of Gas 
Technology (IGT), Peabody Holding Company, Inc., and 
Bechtel Group is developing a mild gasification process that 
uses a fluidized/entrained-bed reactor. This reactor is 
designed to process all types of coals over a wide range of 
particle sizes without any pretreatment, and also without 
directly contacting oxygen or air with coal. The use of a sul-
fur capture agent such as calcium oxide in the reactor or the 
addition of limestone to the briquetted char product are op-
tions for the control of sulfur found in most Eastern United 
States coals. Chars from coking coals, marginally coking 
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ing the char to produce formcoke, smokeless fuel, and ac-
Sated char; and evaluating the oils and tars for chemical 
feedstock applications 

coals, or coal blends could be processed into fonncoke bri-
quettes. The continuous operation of mild gasification in 
closed reactors has environmental advantages compared to 
traditional coke ovens.

TABLE 1 
Progress on this project was reported at the Seventh 
U.S.-Korea Joint Workshop on Coal Utilization Technology, 
held in Pittsburgh, Pennsylvania, August 26-29. 

The 100-Pound Per Hour Process Research Unit 

An isothermal process research unit (PRU) has been built at 
IGT to study the mild gasification concept. The PRU con-
sists of an 8-inch inside diameter, 8-foot long fluidized-bed 
section below a 4-inch inside diameter, 13-foot long 
entrained-bed section. The reactor is maintained at isother-
mal test conditions with external electrical heaters and 
fluidization gas heaters. The PRU was designed to operate 
at temperatures up to 1,500°F and pressures up to 50 psig. 

The product gas stream is maintained above the tar conden-
sation temperature until it reaches two cyclones. The hot gas 
downstream of the cyclones is filtered and cooled. 
Coproduct oils and tars are then condensed and collected in 
a solvent quench system. 

Mild Gasification Test Results 

Illinois No. 6 coal and a West Virginia metallurgical grade 
coal were obtained from Peabody Coal Company prepara-
tion plants. Both coals were obtained from the high-
moisture Fines stream in the preparation plants, and were 
dried to about 7 percent moisture for the mild gasification 
tests. The coal analyses are given in Table 1. The Illinois 
No. 6 coal size consist was 79 percent below 20 mesh, and 
the West Virginia coal was also sized to below 20 mesh. 

Forty-five tests were conducted in the PRU to identify the 
preferred reactor operational configuration. Mild gasifica-
tion tests with the two test coals resulted in the coproduct dis-
tribution shown in Table 2. 

The effect of mild gasification reactor temperature, from 
1,0340 to 1,3900F, on the yields of gas and oils/tars was inves-
tigated. The gas yield increases with temperature as ex-
pected, whereas the maximum oils/tars appear to be 
produced at the lower end of the temperature range. A 
decrease in char yield with temperature was consistent with 
expectations. 

It was estimated that 70 percent of the product gas will be 
required to supply the process energy needs. The remainder 
of the fuel gas could be used for other applications. 

A market survey conducted during the program determined 
that the real economic incentives for mild gasification lie in 
processing the char to high-market-value products such as a 
supplement and/or substitute for metallurgical coke, and in 
marketing the oils and tars as chemical feedstocks. There-
fore, bench-scale investigations were conducted on: process-

ANALYSES OF TEST COALS 

Illinois West 
tLQI Viruinia 

Proximate Analysis, Wt. % as Reed 
Moisture 7.7 7.3 
V. M. 34.5 32.0 
Ash 13.2 53 
Fixed Carbon 

Total 100.0 100.0 

Ultimate Analysis, Wt. % Dry 
Ash 143 5.9 
Carbon 65.9 80.2 
Hydrogen 4.4 52 
Nitrogen 1.5 13 
Sulfur 3.9 1.1 
Oxygen (Duff.) 

Total 100.0 100.0 

HIIV, BTU/Lb (Dry) 11,599 14,535 
FM 1.5 5.5

TABLE 2 

PRODUCT DISTRIBUTIONS 

Illinois No. 6	 West Virginia 

Char, Wt. %	 60-70	 66-76 
Oils/Tars	 20-30	 18-24 
Fuel Gas	 10-15	 5-8 

Formcoke 

Formcoke production was based on mixing the hot mild 
gasification char with raw coal and hot-briquetting the mix-
ture. Conventional briquetting using pitch as a binder was 
not adopted, in order to preserve the byproduct credit from 
the sale of pitch, which is estimated to sell at $250 per ton or 
higher. 

Granular char was mixed in a 1:1 weight ratio with raw coal 
and compressed in a 1-inch diameter mold at 1,000 to 
4,000 psi and a temperature of about 1,000017, to make 
3/8-inch thick test briquettes. The briquettes were then 
removed from the mold and calcined under nitrogen up to 
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1,8000F. The physical strength of the cooled briquettes was 
then tested. The range of tensile strengths obtained for 
various formcoke samples is presented in Figure 1 and 
Table 3, along with reported values for commercial cokes 
and a sample of coke that was obtained from Inland Steel 
Company. The figure shows that tensile strengths of formed 
briquettes can equal some commercial coke strengths. 

FIGURE 1 
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FORMCOKE BRIQUETTES 

AND COMMERCIAL COKES 

800 

600 

a 
Z

400 

200 

0
1	 2	 3	 4	 5	 6	 7	 8	 9 

SAMPLE NUMBER 

SOURCE: BABU. FT AL.

In addition to formcoke for use in blast furnaces, which of-
fers the largest potential market, there is also a smaller, but 
important market for formcoke as a substitute for foundry 
coke. The size, strength, and reactivity requirements for 
foundry coke are different from those of blast furnace coke, 
but IGT's preliminary analysis indicates that formcoke from 
mild gasification char could be suitable for this purpose. 
The current price for foundry coke is about $140 per ton. 

Smokeless Fuel 

The bench-scale tests to evaluate the production of smoke-
less fuel involved preparation of briquettes from mixtures of 
Illinois No. 6 coal char, limestone, and about 12 percent 
pitch. The amount of limestone added to the char mixture 
provided a calcium-to-sulfur molar ratio of 2:1 in the bri-
quettes. 

In combustion tests, the briquettes were stacked in a small 
pile and combusted in a muffle furnace at about 1,5600F. 
The 10 to 15 percent volatile matter content of the char was 
sufficient for ignition and combustion of the briquettes. The 
test results showed that 84 to 88 percent of the sulfur was 
captured. Of the sulfur retained, 99 percent is retained in 
the most stable form, calcium sulfate, which is suitable as a 
non-leachable landfill material. 

Activated Char 

The potential for mild gasification char to be activated into 
an absorbent char was explored by steam-treating a number 
of Illinois No.6 coal char samples and measuring their physi-
cal and adsorbent properties. 

At a temperature of 1,5600F, the activated mild gasification 
chars were found to be comparable in surface area and ad-
sorption performance to commercial active carbons. Pore 
sizes for the activated chars were generally smaller than the 
commercial carbons. Thus the activated chars may be supe-

TABLE 3

KEY TO FIGURE 1

Sample Briquetting 
No. Description Pressure itsil 

1 Commercial Coke A - 
2 Commercial Coke B - 
3 Foundry Coke - 
4 Hot Briquette (.6 Mesh Mg-9 Char) 4,000 
5 Hot Briquette (-6 Mesh Mg-9 Char) 10,000 
6 Hot Briquette (20x60 Mesh Mg-17 Char) 4,000 
7 Hot Briquette (20x60 Mesh Mg-17 Char) 10,000 
8 Hot Briquette (-20 Mesh Mg-9 Char) 4,000 
9 Inland Steel Coke Sample -
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nor for some applications, such as for adsorption of low-
molecular-weight substances, because of the smaller pore 
size of the char compared to other activated carbons. 

Further Work 

Based on the favorable properties of the coproducts dis-
cussed above 1(11's preliminary economic analyses confirm 
the economic viability of mild gasification. 

Following the successful development of a technical 
database from the operation of the mild gasification PRU,

the Department of Energy is contemplating support for the 
construction and operation of a larger, 24 ton per day 
process development unit (PDU). The PDU would allow 
the development of scaleup data in an integrated adiabatic 
unit, and would produce large samples of char and conden-
sables for industrial evaluation of formcoke, smokeless fuel, 
activated char, binder pitches, and chemical feedstocks from 
mild gasification.

nfl 
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TECHNOLOGY 

VORTEX PARTIAL COMBUSTOR/GASIFIER TESTED 
AT PENN STATE 

Under funding from the United States Department of 
Energy, DONLEE Technologies of York, Pennsylvania has 
developed and is testing an advanced substoichiometric 
precombustor for producing a combustible gas meeting New 
Source Performance Standards for new and retrofit boiler 
applications. This precombustor is based upon a Two-Stage 
Vortex Fluidized Bed Combustor (2VFBC) concept 
patented by DONLEE. The concept starts with a conven-
tional circulating fluidized bed combustor (CFBC), which is 
sized for, and operates at, the lowest desired capacity for the 
boiler system. At any higher capacity, up to the maximum 
design capacity, secondary air is introduced tangentially into 
the hot cyclone. According to DONLEE this concept allows 
for significant downsizing of the hot cyclone(s), the CFBC's 
freeboard cross sectional area and the CFBC's height. 

The 2VFBC concept operates as follows: Coal or coal-
water-slurry is fed to the circulating fluidized bed where coal 
devolatilizes and is partially oxidized (gasified). At full 
capacity, about 50 percent of the total air (approximately 
25 percent of the stoichiometric air) is used in this portion of 
the 2VFBC. Limestone is also injected into the circulating 
fluidized bed where it reacts with sulfur in the coal. Since 
the environment is reducing, calcium sulfide is the probable 
solid product of the sulfur capturing reactions. The balance 
of the first-stage air is injected into the cyclone of the unit. 
This air is injected tangentially into the cyclone barrel where 
the combustible solids are concentrated to further complete 
the conversion of carbon. 

Thus, the 2VFBC combustor (or partial gasifier) operates 
substoichiometrically and adiabatically to produce a combus-
tible low-BTU fuel gas and char. The 2VFBC is considered 
the first stage of a combustion system with the second stage 
being a downstream burner to combust the low-BTU fuel 
gas. Since only partial carbon conversion is expected in the 
2VFBC, a separate unit (combustor or roaster) may be re-
quired to combust the char and convert spent sorbent (CaS) 
to a safely disposable form (Ca504). 

There are said to be several potential applications of the 
2VFBC concept. In atmospheric applications, the 2VFBC 
could have significant potential as a precombustor for both 
new coal fired boilers and retrofit of existing boilers. The 
combustible low-BTU gas from the 2VFBC is fed directly to 
a burner capable of handling high-temperature gases (second 
combustion stage). Sulfur emissions are controlled in the 
first stage by sorbent injection and particulate levels in the 
gas leaving the 2VFBC are sufficiently low for boiler applica-
tions. A high level of sulfur removal in the 2VFBC (up to 
90 percent) would eliminate the need for a stack gas scrub-
ber following the boiler.

Another potential application of the 2VFBC concept would 
be a pressurized unit as part of a combined cycle scheme. In 
this scenario, the fuel gas from the 2VFBC would be cleaned 
in a hot gas cleanup system and burned in a gas turbine. The 
char and spent sorbent from the 2VFBC would be com-
busted in excess air in another pressurized fluidized bed unit. 

A 4 million BTU per hour laboratory unit is being utilized to 
evaluate the performance and operating limits of the 2VFBC 
concept. The 2VFBC operating temperature is expected to 
be within a range of 1,500 to 1,8000F. At the upper end of 
this range, carbon conversion to carbon monoxide and 
hydrogen by reaction with water vapor begins to become sig-
nificant. Sulfur capture is expected to be effective at rela-
tively high temperatures (up to 1,8000F) because the environ-
ment is strongly reducing. 

A one-foot diameter 2VFBC laboratory unit has been in-
stalled and instrumented in the Penn State University Com-
bustion Lab. This laboratory unit has been operated success-
fully as a coal-slurry-fired CFBC with high excess air for tem-
perature control. Future plans include performing an 
economic analysis of a proof-of-concept facility. 

#fl# 

LOW TEMPERATURE DEPOLYMERIZATION-
LIQUEFACTION DEMONSTRATED WITH THREE 
COALS 

A novel procedure for coal liquefaction has been 
demonstrated at the University of Utah, Department of 
Fuels Engineering. The procedure was outlined to par-
ticipants in the Fourth Annual Technical Meeting of the Con- 
sortium for Fossil Fuel Liquefaction Science, held in Snow-
bird, Utah in August. Essentially, it consists of subjecting 
the coal to exhaustive depolymerization by selective low-
temperature catalytic reactions, prior to hydroprocessing. 
The overall process is unique in predominantly producing 
light liquid fuels, instead of high boiling liquids which are 
characteristic products of conventional high-temperature 
coal liquefaction. 

The depolymerization stage of the procedure consists of two 
steps: (1) intercalation, that is, deep-seated impregnation of 
the coal with catalytic amounts (3 to 12 weight percent) of 
FeCI1, followed by mild hydrotreating at temperatures below 
290°C; and (2) base-catalyzed depolymerization of the 
product from Step 1 at less than 2950C. Step 1 results in par-
tial depolymerization of the coal by preferential 
hydrogenolytic cleavage of alkylene, benzyl etheric, 
cycloalkyl etheric, and some activated thioetheric linkages in 
the coal network. Step 2 completes the depolymerization of 
the product from Step 1 by base-catalyzed hydrolysis (or al-
cholysis) of diaryl etheric, aryl cycloalkyl etheric, diaryl 
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thioetheric, and other bridging groups. Depolynierized coals 
obtained by the sequential treatment consist of mixtures of 
low molecular weight products, composed primarily of 
monocluster compounds (approximate molecular weight, 100 
to 350). Due to their greatly simplified molecular structure, 
such depolymerized coals are easily susceptible to 
hydroprocessing with sulfide catalysts in the final stage of the 
process. The hydroprocessing step results in exhaustive 
heteroatom removal, partial ring hydrogenation, and 
C-C hydrogenolysis reactions in the depolyrnerized coal to 
yield light hydrocarbon oils. 

In recent work, sponsored by the Consortium for Fossil Fuel 
Liquefaction Science, systematic studies were performed on 
the low-temperature depolymerization-liquefaction of 
several premium United States coal samples. The latter in-
chided coals from Pittsburgh No. 8 (Pennsylvania), Blind 
Canyon (Utah), and Beulah Zap (North Dakota). Under 
optimal conditions, which change with coal rank, the total 
yields of THF-soluble, depolymerized products from the 
above coal feeds were as follows (MAF basis): 

- Pittsburgh No. 8,85 to 90 weight percent 
- Blind Canyon, 83 to 90 weight percent 
- Beulah Zap, 86 to 93 weight percent 

These depolymerized products contained between 65 and 
75 weight percent of cyclohexane solubles (oils) plus small 
amounts of incompletely depolymerized coals. They 
produced hydrocarbon oils in high yields (92 to 97 percent of 
the theoretically possible) upon hydroprocessing. GC/MS, 
NMR, and FTW analysis of the depolymerized coal products 
showed that they consist mostly of simple monocluster com-
pounds. The cyclohexane-soluble (oil) fractions of the 
depolymerized coals are fully distillable under vacuum 
(0.01 ton) at temperatures below 350°C. 

All of the depolymerized coals investigated yielded upon 
hydroprocessing light hydrocarbon oils as final products. For 
example, the product from Pittsburgh No. 8 coal contained 
90.9 weight percent of total distillables (<538°C) distributed 
as follows: 

- Gasoline, 20.3 percent 
- Kerosene, 25.9 percent 
- Light gas oil, 24.6 percent 
- Heavy gas oil, 13.7 percent 
- Vacuum gas oil, 8.4 percent 

By contrast, it was found that direct hydroprocessing of the 
starting, nondepolynterized coals yielded less than 10 percent 
of such low-boiling products.

ADVANCES NOTED IN COPROCESSING AT UOP 

At the American Chemical Society's Division of Fuel 
Chemistry meeting in Washington, D.C. last August, a num-
ber of avenues of research in coal/oil coprocessing were dis-
cussed. One of the more promising efforts is that being 
carried out by UOP on single-stage slurry-catalyzed 
coprocessing. 

UOP is currently in the sixth year of a coprocessing research 
program sponsored by the United States Department of 
Energy (DOE). The concept of single-stage, slurry-catalyzed 
coprocessing was successfully demonstrated in laboratory 
batch experiments and continuous bench-scale operations. 
Good long-term operability of the process was demonstrated 
in the continuous pilot plant for nearly 2,000 hours on-
stream. A method of recovering the catalyst was developed 
and demonstrated, with catalyst recovery exceeding 
95 percent. A conceptual commercial design was completed 
for a coprocessing unit integrated with a 100,000 barrels per 
stream day conventional refinery. 

The overall objective of the current work is to extend and 
optimize the single-stage, slurry-catalyzed coprocessing 
scheme. Specific objectives are to improve and define 
catalyst utilization and costs, determine the process response 
to changes in resid composition and different coals, inves-
tigate the process response to changes in key operating vari-
ables, define optimum operating conditions, and reassess the 
economics of coprocessing. 

Catalyst economics play a major role in determining the over-
all profitability of slurry-phase coprocessing. consequently, 
much work has been devoted to exploring new catalyst sys-
tems and improving catalyst activity, dispersion, and recovery 
techniques. A new molybdenum-based catalyst is currently 
being evaluated in the continuous bench-scale unit. 

The bench-scale unit contains many of the essential features 
of a commercial flow scheme and is equipped to quantita-
tively measure the hydrogen consumption in the operations. 
The slurry feed (finely ground coal, petroleum vacuum resid, 
and catalyst) is combined with a hydrogen-rich recycle gas 
and is preheated before it enters the bottom of an upflow 
reactor. The products from the reactor are separated into 
gas and oil streams in the high-pressure separator (lIPS). 
The gas stream from the HI'S is combined with make-up 
hydrogen before being recycled back to the incoming fresh 
feed. A portion of the oil stream from the lIPS is recycled 
back to the incoming fresh feed, and the remainder is sent to 
a stripper. The heavier hydrocarbon stream from the strip-
per is sent to a vacuum fractionator to recover an overhead 
stream (light oil and vacuum gas oil) and a bottoms stream 
containing catalyst, coal minerals, insoluble carbonaceous 
material, and nondistillable hydrocarbons. 

The feedstocks used for this study were Lloydminster 
vacuum resid and Illinois No.6 coal. 
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For each given catalyst concentration, a temperature survey 
was conducted with a 2:1 mixture of resid to coal, at 3,000 psi 
and base space velocity. Three catalyst concentrations, 030, 
0.12 and 0.05 weight percent Mo, were studied. 

At all catalyst levels the plant operated well, even at the 
higher processing temperatures and showed no evidence of 
either thermal degradation or reactor fouling up to 4670C. 
Surprisingly, the conversions showed a steady increase with 
temperature, with no sign of decrease even at 467 0C. Previ-
ous studies showed a rapid decline in heptane insoluble con-
versions at temperatures greater than about 4300C and 
coking and pluing problems limiting plant operability 
above about 435°C. 

Two major differences between this study and the earlier 
temperature studies were observed. The catalyst was 
changed from a catalyst based on vanadium to a more active 
mo-based catalyst, and a liquid recycle stream from the bot-
tom of the HPS to the reactor inlet was included. Space 
velocity was maintained constant in each study, but the addi-
tion of the liquid recycle stream (5:1 recycle to fresh feed) 
resulted in greater mixing and higher velocity through the 
reactor. How much of the improved high-temperature con-
version and operability is due to the catalyst and how much 
is due to improved hydrodynamics resulting from use of liq-
uid recycle is not known at this time. 

An understanding of the effect of catalyst concentration at 
increased process severity is important to the coprocessing 
concept. Increased conversion of petroleum raid and coal 
to lighter products can be achieved by increasing process 
severity. However, at these high conversion levels, increased 
hydrogen consumption and the nonselective production of 
light ends also occur. Degradation reactions and the fouling 
and coking tendency of the resid-coal mixture also tend to 
increase at high-severity conditions. At very high seventies, 
thermal effects greatly predominate over catalytic effects and 
further accelerate the problems associated with yield loss, 
product stability, and coking. A wide range of nondistillable 
conversion levels can be achieved, merely by increasing the 
reactor temperature. An important part of UOP's program 
is to determine the optimum conversion level that produces 
high liquid yields by selective catalytic conversion, as op-
posed to thermal conversion, and reduces the problems as-
sociated with high-severity operation. 

The beneficial effects of increased catalyst concentration 
were found to be more pronounced at lower temperatures 
(below about 440°C). The advantage of high catalyst con-
centration diminished at higher temperatures, where thermal 
effects dominate over catalytic effects. The improved 
operability of coprocessing at high temperatures which UOP 
has observed in the latest tests represents an important ad-
vance that may significantly improve the process economics. 

#fl#

WHAT CYCLE PROMISES BETFER PERFORMANCE 
THAN IGCC 

Fluor Daniel has developed a new thermodynamic cycle for 
gas turbines, called the Humid Air Turbine (HAT) cycle. 
When integrated with coal gasification as the source of fuel 
gas, it becomes the IGHAT cycle. 

In a simple cycle combustion turbine, approximately half the 
power developed in the expander is used in the compressor 
with only the remainder being available for electric power 
generation. The reason for this large parasitic load of air 
compression is that a huge amount of excess air is used in 
the combustor, much more than is required for 
stoichiometric combustion, to control the temperature of the 
combustion products within limits set by the materials used 
in the combustor and the expander. 

The HAT cycle employs two techniques to reduce the 
parasitic load. One is the intercooling of air during the com-
pression step, the other is the substitution of water vapor for 
a portion of the excess air to the combustor. The intercooler 
not only reduces the compression power requirement but 
also provides heat for generating the water vapor. The low 
temperature level heat required for evaporating the water is 
also obtained from the combustion turbine exhaust and any 
outside sources such as the gasification plant. 

The water vapor is generated in a multi-stage counter-
current operation by directly contacting cooled compressor 
discharge air with hot water and thus approaching the ther-
modynamic ideal of reversible operation. A significantly 
higher amount of evaporation is possible than with single-
stage contact such as in a steam boiler. The additional heat 
used for this evaporation causes the temperature of the 
water leaving the evaporator to be much lower, thus allowing 
recovery of additional low level heat from the turbine ex-
haust and/or from sources outside the cycle. 

Figure 1, on the next page, shows the basic HAT cycle. The 
high-level heat in the combustion turbine exhaust is utilized 
for preheating the humidified air before it enters the combus-
tor. This heat transfer operation again approaches a revers-
ible operation. In contrast, one of the sources of inefficiency 
in a combined cycle is associated with the manner in which 
steam is generated, and results from the fact that water is a 
single component, constant boiling fluid. This limits the 
ability to utilize the gas turbine exhaust heat in the most effi-
cient manner. 

In the HAT cycle, the multi-stage saturator which replaces 
the steam generator of the combined cycle emulates a vari-
able boiling point working fluid which tends to minimize the 
irreversibilities in heat transfer and thus the lost work. 

Development of an integrated gasification HAT cycle 
process would require the design of an entirely new gas tur-
bine, probably a dual-shaft machine. 
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A major HAT cycle evaluation study, in which Electric 
Power Research Institute (EPRfl, fluor Daniel, seven 
United States utilities and Texaco participated, compared 
several coal based power cycles to the HAT cycle in in-
tegrated gasification power plants. The objective of this com-
parison was to quantify the incentives for development of a 
HAT cycle turbine. 

The EPRI study suggested that the IGRAT cycle could 
deliver 10 to 15 percent lower cost of electricity than 1(1CC 
plants. Because of the large amount of water vapor passing 
through the turbine, NO emissions would be at levels previ-
ously achievable only with selective catalytic reduction 
(SCR). 

The EPRI study indicates that IGHAT systems should have 
these features: 

The steam cycle is eliminated, reducing projected 
capital costs by $300 per kilowatt compared to 
IGCCs. For the first time, the real possibility exists 
of coal gasification based power plants costing un-
der $1,200 per kilowatt. An IGHAT plant has no 
steam turbine, condenser, high pressure boiler 
feed-water pumps, or large cooling tower. Expen-
sive syngas coolers are also eliminated. Instead, 
hot syngas is water quenched, and Texaco's quench 
gasifier can be used. 

The HAT cycle is thermodynamically more effi-
cient than a combined cycle. IGHAT heat rates 
should be between 8,100 and 8,600 BTU per 
kilowatt hour, about 200 BTU per kilowatt hour 
lower than comparable IGCCs. 

- The IGHAT plant will be easier to operate and 
maintain. Without high pressure or superheated 
steam, failures should be less frequent, and main-

tenance materials will cost less and be more readily 
available. 

The HAT turbine is expected to have extremely 
low NO emissions, 7 ppm (15 percent O) or less, 
without the use of SCR. This is equivalent to 
about 0.15 pounds per megawatt hour. 

The cycles that have been analyzed in various studies at 
EPRI include the following: 

PC+FGD: Pulverized coal boilers with flue gas desul-
furization 

AFBC: Atmospheric fluidized bed combustion 

PFBC: Pressurized fluidized bed combustion 

1(1CC: Integrated gasification combined cycle 

101-tAT: Integrated gasification humid air turbine 

Comparative results are seen in Figure 2, which compares ef-
ficiency of generation plotted against the fraction of power 
generated by the steam cycle. Overall cycle efficiency im-
proves as the fraction of power generated by the steam tur-
bine decreases. AFBC and PC systems generate 100 percent 
of the electricity in a steam turbine at heat rates in the range 
of 9,000 to 10,000 higher heating value (HHV). PFBC plants 
generate about 20 percent of the electricity in a gas turbine 
with overall heat rates of 8,500 to 9,500. 1(1CC plants gener- 
ate 60 percent of their electricity with gas turbines at overall 
heat rates of 8,200 to 9,000. The conceptual IGHAT cycle in 
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which the steam turbine is completely eliminated provides a 
heat rate of 8,100 to 8,600. 

Unfortunately, FLAT turbomachinery will have to be 
developed to realize these advantages. None of the steps is 
likely to be technologically difficult, but the challenge is to 
produce a low cost, reliable and durable machine. EPRI, 
Fluor and Texaco are exploring the next step: preliminary 
combustor testing and machine design sufficient to scope the 
overall development cost. It is expected to take about 
5 years and cost around $100 million to build a prototype. 
Because of the great potential, EPRI estimates this cost 
could be recovered in just one or two commercial IGHAT 
plants. 

Development of specialized combustion turbines, that is, one 
for natural gas fuel and one for Texaco total quench 
gasifiers, is one approach to take. Another approach is to 
develop the engine initially for one application only and to 
use it for the other in an off-design mode of operation. 

Yet another option exists which consists of designing the 
combustion turbine for dual fuel applications without 
making large compromises in either application and such 
that the amount of air extracted meets the complete demand 
of the oxygen plant and also satisfies the turbine operating 
and design constraints. With such a design the turbine ex-
haust temperature is lower, resulting in smaller and less ex-
pensive turbine exhaust heat recovery units. 

Comparing the calculated cost of electricity from the HAT 
cycle with the combined cycle, fluor Daniel says the HAT 
cycle with the dual fuel engine in gasification based plants, 
would give a cost of electricity slightly higher than the case 
with the combustion turbine specifically designed for Texaco 
gasification but would still maintain a large margin over the 
combined cycle:

nfl 

SOUTHERN COMPANY FINDS ADVANTAGES FOR AIR. 
BLOWN GASIFICATION 

Southern Company Services (SCS) is evaluating advanced 
power generating systems, such as integrated gasification 
combined cycle (IGCC) for the operating companies of the 
Southern electric system (SES). According to the present 
expansion plan, 10CC plants could begin operation on the 
SES by 2005, assuming the technology has been developed to 
commercial readiness. 

A site-specific study conducted by SCS for the Electric 
Power Research Institute (EPRI) indicated that an 10CC 
plant based on an oxygen-blown KRW gasifier with cold gas 
cleanup is a competitive base load power generation technol-
ogy compared to a pulverized coal fired unit currently called 
for in the SES expansion plan.

As a result of the study, SCS identified a number of cycle 
changes which could potentially improve the cost, perfor-
mance, and operability of gasification based power plants. 
One of the cycles identified was air-blown 10CC with hot 
gas cleanup. The use of air-blown 10CC plants with hot gas 
cleanup offers the potential for lower capital cost and higher 
cycle efficiencies than first generation 10CC plants with cold 
gas cleanup. The capital cost of the air-blown 10CC plant 
with hot gas cleanup should be lower due to elimination of 
the oxygen plant and low-temperature gas scrubbing train. 
Cycle efficiencies should be higher for a system utilizing hot 
gas cleanup because the fuel gas is fed to the turbine at a 
much higher temperature than in a cold gas cleanup system. 

To investigate the effects of air-blown 10CC power plants 
with hot gas cleanup, SCS entered into a site-specific study 
with the Department of Energy Morgantown Energy Tech-
nology Center (DOE/METC). As explained by R.E. Sears 
at the EPRI Conference on Gasification Power Plants, the 
study assessed a total of seven cases of different power gener-
ation designs encompassing two different gasifier types, two 
combustion turbine configurations, two approaches to fuel 
gas desulfurization, two basic plant sizes, and a mild gasifica-
tion configuration. The two gasification processes selected 
for the study were the KRW fluidized-bed gasifier and the 
transport gasifier. The transport technology is a high-
velocity circulating fluidized-bed reactor currently under 
development by the M.W. Kellogg Company (MWK). The 
two combustion turbines selected for the study were a 
General Electric (GE) MS7001F gas turbine for the 10CC 
plants and a GE LM8000 intercooled steam-injected gas tur-
bine for the ISTIG designs 

The seven plaJ!t design cases that were developed for the 
study consisted of: 

- Case 1: 400-megawatt 10CC with KRW gasifica-
tion, in-bed desulfurization, zinc ferrite sulfur 
polishing, two GE MS7001F combustion turbines, 
and a single reheat steam turbine. 

- Case 2 100-megawatt 19110 power plant with 
KRW gasification, in-bed desulfurization, zinc fer-
rite sulfur polishing, and one GE LM8000 gas tur-
bine. 

- Case 3: 200-megawatt 10CC plant with the same 
design features as Case 1, but with only one 
MS7001F combustion turbine. 

- Case 4: 400-megawatt ISTIG plant as in Case 2, 
but comprised of four gasification and gas turbine 
power production trains. 

Case 5: 400-megawatt 10CC with KRW gasifica-
tion, zinc ferrite bulk sulfur removal, sulfuric acid 
production, two GE MS7001F combustion tur-
bines, and a single reheat steam turbine. 
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Case 6: 400-megawatt 10CC with Kellogg 
transport gasification, in-bed desulfurization, two 
GE MS7001F combustion turbines, and a single 
reheat steam turbine. 

Case 7: A mild gasification plant based on 
transport pyrolysis, with the pyrolysis liquids used 
as a turbine peaking fuel and the pyrolysis char 
feeding a 400-megawatt 1(3CC plant with transport 
gasification, as in Case 6. 

For each case of the study, a process design was developed; 
major equipment items were identified; estimates of capital 
cost, operation and maintenance cost, and cost of electricity 
were developed; reliability was predicted; and development 
issues were identified. 

Plant Performance 

The plant performance comparison for Cases 1,4,5 and 6 is 
given in Table 1. Also shown in the table for comparison is 
performance data for oxygen-blown KRW 10CC.

With respect to DOE Cases 1-6, the cold gas efficiency for 
the gas island was highest for the transport reactor at 
77.6 percent, compared to approximately 70 percent for the 
KRW-based systems. Sulfur removal was above 99 percent 
for all cases with over 86 percent of the sulfur being removed 
in the gasifier with the KRW reactors (excluding Case 5) 
compared to 95 percent for the transport reactor. The net 
plant heat rate was lowest for Case 6 at 8,137 BTU per 
kilowatt hour, due in part to the higher predicted cold gas ef-
ficiency of the transport gasifiers. The 10CC configurations 
for Cases 1 and 3 had plant heat rates in the range of 8,500 
to 8,600, some 5 percent lower than that of the comparable 
oxygen-blown plant with cold gas cleanup. The net plant 
heat rate for the ISTIG designs (Cases 2 and 4) was ap-
proximately 9,300 BTU per kilowatt hour. The efficiency of 
these plants was limited by the ability of the LM8000 gas tur-
bines to accept the run potential steam production of the gas 
island, resulting in high stack losses for these designs. The 
highest heat rate was 9,356 BTU per kilowatt hour for 
Case 5. While comparable to the most efficient pulverized 
coal plants in the Southern electric system, the heat rate for 
Case 5 is adversely affected by the substantial steam and 

TABLE 1

PLANT PERFORMANCE COMPARISON 

Case Case 4 Case  Case  Blown 

Nominal Plant Size (MW) 400 400 400 400 400 
Gasifier Type 10kW KRW KRW Trans. KRW 
Cycle Type 10CC 15110 10CC 10CC 10CC 
Bulk Sulfur Removal In-Bed In-Bed ZnFe In-Bed Selexol 

Gasifier Needs
Coal (TfDay) (as prepared) 3,792 3,567 3,783 3,213 3,845 
Limestone (T/Day) 1,053 990 - 431 - 
Air (T/Day) 12,888 11,936 13,274 11,334 - 
Oxygen(TfDay) - - - - 2,347 
Gasifier Steam (MLBfDay) 1,361 1,280 1,358 2,185 913 

Gasification Island Performance 
Cold Gas Efficiency - LHV (%) 69.7 70.6 68.6 77.6 82.1 
Carbon Conversion (%) 99.9 99.9 95.2 99.9 95.8 
Sulfur Removal (%) 99.4 99.4 99.4 99.9 99.9 

Overall Plant Performance 
Coal Energy Input (MMBTU/Hr) 3,940 3,706 3,932 3,339 3,737 
Gross Power Output (MW) 

Combustion Turbine(s) 311.6 419.0 305.6 263.2 298.8 
Steam Turbine(s) 182.2 - 153.4 179.2 159.4 
Total Power 493.8 419.0 459.0 442.4 458.2 

Net Power Output (MW) 458.4 399.1 420.2 410.4 413.5 
Net Heat Rate - HHV (BTU/kWh) 8,595 9,287 9,357 8,137 9,039 
Thermal Efficiency - HHV (%) 39.7 36.7 36.5 41.9 37.7
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electricity requirements of the sulfuric acid plant included in 
this configuration. SCS is continuing to investigate potential 
design improvements in the gas cleanup and sulfuric acid 
production areas which may substantially improve this case. 

In Case 7, although the quantities of mild gasification liquids 
produced would have been compatible for peaking power 
projections, GE did not feel that these liquids could be used 
directly as combustion turbine fuel due primarily to the low 
hydrogen content. The addition of systems to upgrade the 
liquid for suitable use in a combustion turbine would greatly 
increase the complexity and cost of the concept. Based on 
this assessment, Case 7 was addressed only as a feasibility 
analysis, and hence no performance results were presented. 

Economic Evaluation 

The capital cost, operating and maintenance cost, and cost of 
electricity (COB) estimates for Cases 1, 4, 5, and 6 are 
presented in Table 2. Table 2 also includes an estimate of 
revised costs for the oxygen-blown site-specific study. All 
costs are in mid-1990 dollars. The capital costs in Table 2 
are presented in dollars per kilowatt for a 90°F ambient tem-
perature. The variable operating and maintenance costs are 
based on a 65-percent capacity factor and the fuel costs are 
for an Illinois No. 6 bituminous coal at $35 per ton (as 
received) at full load plant operation. 

Case 6 had the lowest capital cost with a total capital require-
ment (MR) including allowance for funds used during con-

struction (AFUDC) of $1,230 per kilowatt. This compares 
to an estimated ICR of $1,341 per kilowatt for Case 1. 
Sears said the 8 percent capital cost advantage is due 
primarily to the rapid gasification and sulfur capture reaction 
rates predicted for the transport reactor, leading to sig-
nificant reductions of gasification island equipment and 
material costs. 

A valuable comparison can be made between Case 1 and the 
oxygen-blown case. On a dollar per kilowatt basis, the use of 
air as the oxidant coupled with hot gas cleanup is shown to 
result in a capital cost reduction of over 13 percent versus 
the oxygen-blown plant with Selccol/Claus/SCOT sulfur 
cleanup systems. 

The COB results, also shown in Table 2, reveal a significant 
spread among the different designs. Case 6 again has the 
lowest COE at 45 mills per kilowatt hour (constant 
1990 dollars, 65-percent capacity factor, 10-year levelized), 
followed by Case 1 at 49 mills per kilowatt hour and the 
oxygen blown case and Case 4 at 53 mills per kilowatt hour. 
With respect to COE, the lower capital and fuel costs for the 
air-blown systems are predicted to outweigh the considerable 
variable cost advantage of an oxygen-blown system with sul-
fur byproduct production. 

A COE sensitivity study was conducted for Case ito deter-
mine how the COB is affected by uncertainties in the plant 
design, performance, and costs. The major variables were: 
1) cost of construction, 2) fuel cost, 3) capacity factor, 

TABLE 2 

CAPITAL COST, O&M COST, AND COST OF ELECTRICITY
(1990 Dollars)

Oxygen 
Case Case Case Case  Blown 

Capital Cost ($fkw) 
Plant Construction Cost 824 893 982 801 980 
Process Contingency 43 55 58 42 36 
Project Contingency 173 190 208 169 203 

Total Plant Cost 1,042 1,138 1,247 1,012 1,218 
AFtJDC 204 223 245 199 239 

Total Plant Investment 1,245 1,362 1,492 1,211 1,457 
Owner's Costs 96 99 120 66 90 

Total Capital Required 1,342 1,461 1,612 1,277 1,547 

O&M Cost 
Fixed O&M Costs, $/kW-Yr 383 42.2 45.9 37.2 43.9 
Variable O&M, mills/kWh 2.41 2.45 3.47 1.04 0.99 
Fuel Costs, mills/kWh 12.9 13.9 14.0 12.2 13.6 

Cost or Electricity 
Current $, mills/kWh 67 73 80 63 74 
Constant $,mills/kWh 49 53 58 46 53
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4) efficiency of plant operation, and 5) operating and main-
tenance costs. Most of the economic sensitivity relationships 
were approximately linear over the ranges evaluated. Based 
on the slope of the line and an estimate of the maximum 
probability range of the independent variable, the relative 
risks due to each variable an be determined as Illustrated in 
Figure 1. Capacity factor is clearly the most important vari-
able and is influenced by design reliability and by system dis-
patching characteristics. After capacity factor, it appears 
that roughly equal risks are due to uncertainties in capital 
cost and in the combined effect of thermal efficiency factors 
(carbon conversion, cold gas efficiency, auxiliary power con-
sumption and stack temperature). Coal cost and other 
operating and maintenance costs represent a relatively lesser 
magnitude of risk. 

CALDERON PATENTS COAL CONVERSION PROCESS 

United States Patent Number 4,927,430 issued to 
A. Calderon is titled "Method for Producing and Treating 
Coal Gases? 

The major objective of the invention is to be able to 
coproduce a clean transportation fuel such as methanol, plus 
electricity, from coal without the need for an oxygen plant.

Figure 1, on the next page, is a block flow scheme for the 
process. Coal is pyrolyzed and the high-BTU vapor stream 
separated from the char. The char is then gasified with air to 
produce a low-BTU fuel gas. The high-BTU and low-BTU 
gas streams separately pass through hot time beds for the 
removal of sulfur. 

Desulfurized low-BTU fule gas is burned in the combustion 
turbine of a chombined cycle power plant. 

Desulfurized high-ETU synthesis gas is used to produce 
methanol. 

Not shown in Figure 1 is the source of heat for the pyrolysis 
step. Some of the low-BTU gas from the char gasification 
stage is passed through a passageway in the pyrolyzer vessel, 
counter-current to the coal flow, in such a way as to heat the 
coal to pyrolysis temperatures by indirect heat transfer 
through a wall. 

Referring to Figure 2 (on page 4-29) for a more detailed 
description of the pyrolysis and gasification steps, the 
pyrolysis chamber is shown horizontally disposed with 
respect to the gasification chamber. The pyrolysis chamber 
consists of a pressure vessel within which a heating element 
is disposed. The heating element is built in such a manner as 
to have gas passages in the exterior of the element in order 
to provide for the indirect heating of coal as it passes 
through the heating element which serves as the pyrolyzing 
chamber proper. Hot lean-gas heats the wall labeled heat 
transfer surface which in turn heats the coal. The hot lean-
gas passage is insulated in order to minimize heat loss. To 
increase productivity, a plurality of heating elements such as 
shown may be formed in a bundle of heating elements 
housed within the pyrolysis chamber. 

Connected to the pyrolysis chamber is a charging 
mechanism, comprising a piston, actuator, riser, lock-
chamber, lower control valve, upper valve, metering screw 
and coal elevator. The charging mechanism feeds the coal 
incrementally into the heating element of the pyrolysis cham-
ber. As coal is charged into one end, char is discharged from 
the other end and is fed into the gasification chamber. 

The char gasification chamber is configured as a pressure ves-
sel lined with refractory. The first zone, at the top of the 
chamber serves for maintaining the segregation of the gases 
and vapors of pyrolysis from the gases produced from 
gasification. In this char/vapor separation zone, the gases 
and vapors of pyrolysis leave via a duct at the top. The char 
is fed by gravity through a char-dump bell downward into the 
reaction zone where the char is gasified with air. The bot-
tom zone is for the removal of molten slag. 
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FIGURE 1

BLOCK FLOW SCHEME FOR CALDERON PROCESS 
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FIGURE 2 

PYROLYZER/GASIFIER SYSTEM
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INTERNATIONAL 

COAL GASIFICATION UNITS SHUT DOWN IN 
EASTERN GERMANY 

Leuna Werke AG, in eastern Germany, has closed all of its 
coal gasification units in an effort to bring the fertilizer and 
petrochemical complexes up to environmentally acceptable 
standards. 

The units shut down by Leuna represented 20 percent of the 
company's assets and included a facility that produced 
40,000 cubic meters of hydrogen per hour and one that 
produced 700 metric tons of ammonia per day. 

The company, formerly part of BASF, is one of the few east-
ern German chemical producers not to have joined with a 
partner in western Germany. Leuna does not plan to recom-
mission the ammonia facility. 

Discussions for the construction of a new hydrogen plant, 
based on natural gas as the feedstock, are in progress with 
process owners and engineering firms. The plant capacity of 
the potential project has not been determined.

ogy. ENEL plans to install a desulfurization system in a 
720 megawatt power plant using Sulcis coal. Also, says Car-
vani, ENEL is considering a 340 megawatt IGCC power 
plant. 

In addition, ENI's companies and ENEL are actively in-
volved in research and development on other new tech-
nologies. In particular Snamprogetti (EN! group) built a 
256 kilometer coal-water pipeline in the USSR and 
retrofitted a 670 tons of steam per hour boiler at the arrival 
power station in Novosibirsk. Snamprogetti is building a 
500,000 tons per year BCWF (beneficiated coal water fuel) 
plant in Sardinia. 

ENEL (which still considers CWF uneconomic in the 
present Italian situation) has tested 4,000 tons of CWF in a 
power plant and successfully studied a new dual burner to 
quickly switch from fuel oil to CWF and vice versa. 

Finally, ENEL is building a 150 megawatt circulating fluid 
bed combustor plant and Snamprogetti will build a 
3.5 megawatt pilot plant for an air-cooled pressurized fluid 
bed combustor. 

IGCC POWER PLANT UNDER CONSIDERATION IN 
ITALY 

Among the industrialized countries, Italy makes particularly 
little use of coal. In 1989 coal accounted for only 9.1 percent 
of total primary energy consumption. Italy is also heavily 
dependent on energy imports (80 percent of energy consump-
tion) and on oil in particular. In order to correct this fin-
balance, Italy plans to double in 10 years the level of coal 
imports and coal consumption. 

According to L. Carvani of Eniricerche, the New Energy 
Plan would result in coal's share of primary energy consump-
tion increasing to 16 percent by the year 2000. 

Because there is no tradition of large-scale coal use in Italy, 
there is general public opposition to coal projects, which are 
viewed as more polluting than fuel oil, even though this may 
not always be the case. In Italy, only one medium size power 
station is equipped with a spray scrubber, which is not the 
most efficient sulfur reduction technology. For this reason it 
is not possible to prove to the public that coal can comply 
with environmental standards as well as fuel oil. Thus Car-
vani says that increased coal use will not occur until after the 
demonstration of technologies which comply with strict en-
vironmental limits. 

Plans are under way to start the exploitation of the Sulcis 
coal in Sardinia. This is a very high sulfur (7 percent) coal 
and must be used with an environmentally suitable technol-

SIEMENS GAS TURBINE BURNERS TESTED FOR 
BUGGENUM IGCC POWER PLANT 

In February 1989, Demkolec B.V. was founded by SEP, the 
Dutch Electricity Generation Board. The name Demkolec 
expresses the assignment given to the company by SEP, i.e. 
to realize a demonstration coal gasification plant for genera-
ting electricity. Nijmegen was chosen as the location for the 
company's offices. The integrated coal gasification com-
bined cycle (IGCC) plant will be built adjacent to the exist-
ing Maascentrale power station at Buenum, near Roer-
mond, (Province of Limburg) in the south of The Nether-
lands. Startup and operation are scheduled for early 1993. 
During the demonstration period, which will span about 
3 years, the IGCC plant will be tested under different condi-
tions and with various types of coal. 

The gasification process selected is the Shell entrained flow 
coal gasifier. The power island will be provided by 
Siemens AG, KWU Group. It will consist of a 
Sientens/KWU V942 gas turbine rated at approximately 
155 megawatt output, a heat recovery steam generator, and a 
Siemens steam turbine which will bring the total combined 
cycle power rating to 285 megawatts. This will be the world's 
largest coal gasification based single train power plant. 

Although Siemens/KWU has under development the 
V94.3 turbine with a base load rating of 184 megawatts, ex-
pected to be available in 1992 or 1993, it was decided to base 
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the Buggenum plant design on the well-proven V94.2 
(Figure 1). The letter of intent given to Siemens by Dem-
kolec contained the requirement that it be demonstrated by 
July 1990 that the turbine burners could operate reliably with 
coal gas of the composition produced by the Shell gasifier. 
Results of these tests were discussed by B. Becker at the 
Ninth Electric Power Research Institute Conference on 
Gasification Power Plants held in Palo Alto, California in 
October.

has a heating value which is approximately 5 percent of that 
of natural gas. With this type of gas it would be impossible 
to achieve good burnup in the small can-type combustion 
chambers of an aircraft derivative engine. 

The Siemens combustion chamber design is based on that 
which was developed for blast furnace gas; one of these bur-
ners is still functional after 83,000 hours of operation. This 
combustion chamber was fitted with a ceramic lining of the 

Burner Design for Coal Gas 

In high-output boilers for steam turbines it has always been 
standard practice to work with high residence times, i.e. with 
large combustion chamber volumes, in order to reduce 
CO emissions. This was especially important when gas tur-
bines for blast furnace gas were constructed in Europe in the 
early 1960s. The coal gas generated during steel production

type used in present-day turbines, with the tiles suspended in 
such a way that thermal expansion and contraction are per-
mitted. 

Different gas turbine outputs are achieved by fitting various 
numbers of similar burners. Each of the 16 V94.2 burners 
has a thermal output of 28 megawatts. The thermal output 
of the old blast furnace gas burner is 24 megawatts. If one 
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allows for the increase of pressure ratio from about 4 to 11, 
thermal output can be increased because of the higher gas 
density without changing burner dimensions. Thus the 
design of burners developed some 30 years ago does not dif-
fer significantly from coal gas burners needed in today's 
large gas turbines. 

A large percentage of the V94.2 gas turbines now in service 
are equipped with hybrid burners which permit the following 
three modes of operation: 

- Natural gas diffusion burner operation 
- Natural gas premix burner operation 
- Fuel oil diffusion burner operation 

Switchover from one mode to another can be made without 
interruption of. the plant process. For the Buggenum plant, 
this burner was equipped with a coal gas injection system in 
addition. Since the fuel has a very low heating value (LHV 
4,323 kilojoules/kiogram), a fuel volume is required which is 
equivalent to 47 percent of the primary air which passes 
through the outer swirler during base load operation. This 
made it necessary to modify the air flow patterns around the 
outer central diffusion nozzle system. Furthermore, at the 
high 1-i, concentration of the coal gas, spontaneous combus- 
tion orthe air and fuel would occur on premixing. It was 
therefore necessary to arrange the coal gas nozzle system 
such that ignitable fuel-air mixtures cannot form near the 
walls. 

The design developed with these parameters (Figure 2) has 
an additional concentric ring of coal gas nozzles which open

into the primary air dun downstream of the outer swirler. 
Since localized recirculation occurs in this region during 
natural gas operation, air-natural gas premixing is not per-
formed for safety reasons. The additional coal gas duct does 
not, however, influence operation of diffusion burners with 
natural gas. In the Buggenum plant, natural gas will be the 
backup fuel. 

Results of Burner Testing 

Investigations with the newly developed coal gas burner were 
conducted on a low pressure burner test rig at Siemens' 
Mulheim Works at atmospheric pressure. This test equip-
ment permits preheating the combustion air to 230C to in-
vestigate the effects of elevated temperatures in the gas tur-
bine on stability and emissions. 

Considerable effort was required to provide the equipment 
for the supply of coal gas to the test rig. This gas, syn-
thesized from CO, H2 and N2, is stored in a 95 cubic meter 
vessel. Maximum vessel pressure was 45 bar. This vessel 
pressure and volume limited burner operation to around 
40 minutes at an excess air ratio equivalent to base load. 
Gas volumes required for filling the vessel, in particular CO, 
could only be procured once a week within western Europe. 

Tests were conducted both with and without air preheating. 
It was demonstrated that the coal gas burner can be 
operated from gas turbine startup, through idling and up to 
peak load stably and reliably. Natural gas is required for bur-
ner ignition because the spark igniter is located in front of 
the nozzles of the central natural gas diffusion burner. 

FIGURE 2

BURNER FOR COAL GAS AND NATURAL GAS 

on coal g	 Qperating on natural gas or fuel oil 
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Results of NO measurements taken during tests at atmos- 
pheric pressure with air preheating were compared with cal-
culated reaction kinetics data. Emissions measured with syn-
thetic coal gas were below 2 ppm, thereby in the range of the 
zero drift of the instrumentation equipment used. NOx 
levels at Buggenum can therefore be expected to be below 
25 ppm. 

High heating value coal gas (9,960 kilojoules/kiogram) 
might be produced during gasifier startup. Due to its high 
hydrogen content and lack of inert components, such gas 
produces very high flame temperatures which are even above 
those of natural gas flames. Low NO diffusion burner 
operation without previous saturation or injection of water 
or steam is therefore not possible during startup. 

Carbon monoxide emissions of the burner were also very 
low. In spite of the comparatively low heating value of the 
coal gas, less than 10 ppm CO were measured at excess air 
ratios equivalent to 40 to 100 percent gas turbine load. 
When used in the gas turbine, the low-emissions operating 
range of this burner is likely to become even greater due to 
the increased pressure level. 

Becker says these investigations have demonstrated that the 
requirements specified by Demkolec B.V. in the letter of in-
tent have been satisfied on schedule. 

Gasifier Burner Life 

Also presented at the EPRI conference was a paper by 
R.P. Jensen of Shell Development Company, which dis-
cussed technical progress with the Shell gasifier. 

Coal burners currently in service at the Shell demonstration 
plant (SCGP-1) have accumulated over 7,000 hours of opera-
tion involving several startups and shutdowns. These bur-
ners have been used on a variety of coals, under a large en-
velope of operating conditions due to the experimental na-
ture of the SCGP-1 program. Burners in a commercial plant 
will see steady conditions and therefore less severe service, 
which is expected to result in even longer life. Figure 3 
shows SCGP-1 burner front thickness as a function of 
cumulative run hours. Jensen said that recent data from 
1990 inspections shows an improvement in the burner 
durability curve and reinforces the projection that these bur-
ners will provide maintenance-free service for over 2 years of 
operation. 

Also, the SCGP-1 refractory continues to perform well, and 
it is projected that the mean time between repairs in a com-
mercial plant will be 2 to 3 years. Typically, refractory repair 
or replacement can be done within a few days which can be 
easily accommodated in a regular turnaround.

FIGURE 3 
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RUNS AT BROWN COAL LIQUEFACTION PILOT PLANT 
SUMMARIZED 

A 50 ton per day brown coal liquefaction pilot plant has 
been in operation in Morwell, Victoria, Australia. At the 
CHEMECA '90 conference held in Auckland, New Zealand 
August 27-30, a paper by T. Ohzawa et al. described some 
results of operations through Runs 6 and 7. Run 6 was com-
pleted in 1989 and Run 7 was completed in March 1990. 
The project schedule called for two more runs to be com-
pleted in 1990, after which the pilot is to be shut down and 
decommissioned. 

Brown Coal Liquefaction (Victoria) fly. Ltd. (BCLV), a sub-
sidiary of Nippon Brown Coal Liquefaction Company Ltd. 
(NBCL), runs the project. NBCL is owned by five major 
Japanese companies. 

The Japanese New Energy and Industrial Technology 
Development Organization (NEDO) funds the project, while 
Australia's Department of Primary Industry and Energy and 
the Coal Corporation of Victoria (CCV), assist by providing 
the site, raw coal, utilities, some engineering personnel and 
exemption from equipment import duties. 

The BCL (Brown Coal Liquefaction) process is a two stage, 
direct liquefaction technology, converting brown coal to 
crude naphtha and middle distillate. It consists of four 
major unit processes (Figure 1, next page) as follows: 

SYNThETIC FUELS REPORT, DECEMBER 1990 
4-33



FIGURE 1 

BCL PROCESS BLOCK FLOW 
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Summary of Plant Operation 

Run 6 operation with solvent started in November 1988. 
After repair work which took approximately 1 month, coal 
operation began in early January 1989 and lasted until mid 
February 1989 (Run 6 Part 1). This coal operation was dis-
rupted by a prolonged blockage at the sludge withdrawal sys-
tem, brought on by an electrical supply fluctuation. 

The second half of Run 6 operation (Run 6 Part 2) com-
menced in April 1989, but this run was interrupted after 
500 hours of coal operation by a problem in the electrical 
supply system. The operation restarted after 10 days main-
tenance repair work, and was terminated in early August 
after 1,060 hours of continuous integrated operation. 

Run 7 started with a period of solvent operation in 
November 1989 and coal operation began in early 
December 1989. This coal run was disrupted by mechanical 
trouble in the hydrogen make up plant. The coal operation 
restarted after 1 month of maintenance work and was ter-
minated in mid March 1990 successfully. 

Some results from Run 6 are summarized in the following.

Primary Hydrogenation 

Coal operation during Run 6 was carried on for 980 hours 
during Part 1 and 1,770 hours during Fart 2. Stable long 
term operation was achieved except for excessive pressure 
drop across the preheater and the reactor. The operating 
conditions were giadually changed from rather mild to 
severe, in order to obtain high oil yields. 

Deashing 

In Run 6 Part 2, coal liquefaction bottoms operation reached 
a total of 1,500 hours without any blockage at the settler bot-
toms or any serious plugging at the underfiow treatment sec-
tion. 

High ash content in the settler overflow occurred oc-
casionally. This was solved in Run 6 Part 2 b changing the 
settler overfiow/underfiow ratio and/or decreasing the bot-
toms feed rate to the deashing section. 

Secondary Hydrogenation 

Some 1,700 hours total deashed oil operation was achieved 
during Run 6 without any serious trouble. During the early 
part of the run the operating conditions were kept rather 
mild. As the run progressed, reaction temperature was in-
creased to 3550C. The ash content in feed liquid was control-
led to less than 1,000 ppm throughout the run. Heavy 
deashed oil was recycled to the primary hydrogenation sec-
tion during Run 6 Part 2. 
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Major Results of Run 6 

Long term, continuous integrated operation was achieved. A 
modification in the primary hydrogenation section estab-
lished high oil yield conditions. Also, a modification in the 
coal slurry handling section (improving pumping capacity) 
was effective. About 45 percent oil yield (on moisture and 
ash-free coal) was confirmed. Typical product yield is shown 
in Table!.

TABLE 1 

TYPICAL PRODUCE YIELD
FOR PRIMARY HYDROGENATION 

Temperature 450°C 
Pressure 20 MPa 
Solvent/MAFC 2.5 
Recycled BTM Ratio 90 % on MAFC

H2 Consumption	 -5 % on MAFC 
Gas	 20 
HO	 18 
Oil 	 44 
Liquid Bottoms	 23 

Modification of the oil/water separators, to reduce emulsion 
formation was a significant improvement. About 10 percent 
of oil was recovered from the waste water. 

Deashing 

More than 1,000 hours continuous operation of the deashing 
unit was achieved during the Run 6 Part 2 operation period, 
without any serious plugging. It was found that plugging of 
the settler bottom and its bottom line was caused by 
properties of the coal liquid bottoms. Modification of the 
settler and rearrangement of slurry line was effective. 

Secondary Hydrogenation 

The catalyst activity decreased during the first 800 hours 
operation, but showed no further decrease in up to 
1,700 hours total operation. The deashed oil conversion rate 
was about half of that found during Run 5. It seems that 
severe reaction conditions in primary hydrogenation produce 
a less reactive deashed oil for secondary hydrogenation. 

Major Objectives of Run 7 

High oil yield operation at 15MPa reaction pres-
sure 

- Confirmation of the deashing capacity 

- Confirmation of process performance of the secon-
dary hydrogenation

- Collection of engineering and process data 

- Performance test of the new dewatering unit 

- Evaluation of equipment and instruments for 
research and development 

After Run 7 operation, a minor shutdown was scheduled, 
and Run 8 coal operation was scheduled to start around mid 
May 1990. 

Shutdown of operations was scheduled for September 1990, 
after which the plant equipment was to be removed, in-
spected and tested. 

Based on knowledge gained with this program, a 150 ton per 
day pilot plant is to be designed. 

NEW COAL CONVERSION PROGRAM UNDER WAY IN 
THE EUROPEAN COMMUNITIES 

Since 1978, the Commission of the European Communities 
(CEC) has financed demonstration projects in the field of 
coal gasification and coal liquefaction, and since 1983, 
projects in the field of clean coal combustion. To date, the 
first sector has been granted 186 million ECU 
(US$224 million) and the combustion area has received 
financial support totaling 117 million ECU (US$141 million). 
In recent years, emphasis has increasingly been placed on 
electricity generation from coal. These programs have now 
been completed, but recently a new energy technology 
program called THERMIE, in which the various clean coal 
technologies will be eligible for financial support, has been 
approved. At the Pittsburgh Coal Conference in September 
and also at the Electric Power Research Institute Con-
ference on Gasification Power Plants in October, a paper by 
S. Purfari of the CEC Directorate General for Energy, 
reviewed the principal conversion projects which have been 
financially supported by the CEC and gave an overview of 
the future of coal gasification in Europe. 

The EEC Energy Demonstration Program 

The European Economic Community (EEC) Energy 
Demonstration Program was established in 1978 and was in 
force until the end of 1989. At the beginning, in the coal 
area there was only one subprogram: '"The liquefaction and 
gasification of solid fuels." In 1983, a new topic dealing with 
coal was also included in the demonstration program: "The 
substitution of hydrocarbons by the use of solid fuels," mean-
ing simply coal combustion and related topics. 

In the liquefaction and gasification field, efforts have been 
concentrated mainly on the latter technology. There is, 
however, one liquefaction project which is still running. 
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The Point of Ayr Coal Liqueractlon Project 

British Coal has just completed at Point of Ayr (Wales), the 
construction of a pilot plant processing 2.5 tonnes of coal per 
day based on a two-stage Liquid Solvent Extraction process. 
The plant is in the commissioning phase and should be put 
into operation at the beginning of 1991. Germany's 
Ruhrkohle Oel and Gas and Amoco are now participating in 
this project. Commission support is at the level of 
40 percent and the United Kingdom Department of Energy 
is providing 9 percent. 

The British Gas Slagging Gasifier 

The gasifier developed by British Gas, now called the BGL 
Gasifier, has been supported by the Commission since 1980. 
This slagging version of the fixed bed, counter-current 
gasifier originally developed by Lurgi, has advantages in per-
formance, throughput per unit size and the range of fuel that 
can be used. It was originally proposed as a route to make a 
substitute natural gas from coal and this, no doubt, remains a 
long term objective of British Gas (to this specific end, a 
gasifier operating at 70 bar has recently been constructed 
and the operation will begin). 

The work supported by the Commission has been mainly con-
cerned with the testing of a 23 meter diameter gasifier which 
operates at 25 bar of pressure and consumes 600 tonnes of 
coal per day. The most recent program was aimed at prov-
ing a number of developments (such as feed of fines and 
slurry injection) made to improve the feasibility of the 
gasifier and to demonstrate the possibility of using run-of-
mine coals, that contain about 50 percent fines. Recently a 
long run test of 40 days was successfully completed. 

The High Temperature Winkler (HTW) Gasifier 

The HTW process is based on the fluidized bed technology 
developed by Fritz Winkler in 1922. Gasification in the ad-
vanced HTW process takes place under a pressure of 10 bar 
at a temperature of up to 1,000°C, with oxygen and steam as 
gasifying agents. The principal features of the HTW process 
are: high mass and energy transfers with smooth tempera-
ture distribution; low consumption of gasifying agents; high 
degree of carbon conversion as gasification takes place in the 
fluidized bed and in the entrained zone; and suitability for a 
large variety of feedstocks (lignite, wood, peat and biomass). 

The Berrenrath plant was inaugurated in 1986. It has a dry 
lignite capacity of 30.5 tonnes per hour. 

As a further step within the overall development program, 
Rheinbraun has constructed a pilot plant where the HTW 
process is being tested at a gasification pressure of 25 bar, 
the pressure level required in a combined cycle system. 

Rheinbraun has acquired operational experience with an 
industrial-scale HTW gasifier (2.75 meters in diameter), and 
it has successfully tested the production of methanol syn-
thesis gas meeting specifications.

The PRENFLO Process 

The PRENFLO (pressurized entrained flow) process for 
high-temperature pressurized gasification of dry coal dust 
with oxygen produces a raw gas of simple composition, with 
the main components being carbon monoxide and hydrogen. 
Using conventional gas treatment technologies, the raw gas 
is upgraded to synthesis gas, hydrogen, reduction gas or to 
the fuel gas required for the generation of electricity from 
coal in a combined cycle power plant. 

Krupp Koppers developed the PRENFLO process for 
gasification of coal under elevated pressure on the basis of 
the commercially established Koppers-Totzek process (low-
pressure gasification). 

A 48 tonnes per day PRENFLO plant provided an important 
basis for the planning of a demonstration power plant with 
integrated coal gasification. 

In over 8,000 hours of test operation, 9 different fuels with 
ash contents of up to 40 percent were successfully used. 
Components and materials used meet the technical require-
ments of power plant operation. All fuels used are con-
verted to more than 98 percent, and in the case of fly ash 
recycled to more than 99.5 percent. 

Fuel ash leaves the gasifier as inert, granulated slag. The 
slag is practically non-leachable and can either be used as 
building material or dumped according to regulations. 

The PRENFLO plant is distinguished by high operational 
safety and flexibility. It can be started up in a short time, 
with 90 minutes being required from ignition to full load. 

Industrial Gasification 

The Commission has considered a number of projects to 
make a low to medium calorific value gas from solid fuel on 
an industrial site, for direct use for steam raising or in fur-
naces or kilns. 

A successful project, by ILV di Bosi & Curto S.p.A. is the 
production of a low calorific value, hot raw gas to fife brick 
kilns in Italy. This project is particularly interesting in that 
the two-stage gas producer it uses was first developed in the 
early 1960s but never widely used because of the rapidly in-
creasing competition from cheap oil at the time. In fact, a 
second gasifier has been relocated and installed at the test 
site. However, the economics are less favorable than first 
thought, and it is now proposed to try to gasify a mixture of 
coal with 20 to 30 percent industrial waste. 

British Coal has been demonstrating and further improving a 
spouting fluidized bed gasifier developed by them to burn a 
wide range of coals in a unit which would have a low capital 
cost. The Commission has supported the construction, com-
missioning and testing of a 12 tonne per day unit at the Coal 
Research Establishment. 
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Gasification and Iron Making 

The iron and steel industry has in recent years been looking 
at ways to replace the blast furnace as a process for iron 
making. Many of these new processes involve reacting coal 
and oxygen in a bed of molten iron and, under these condi-
tions, large quantities of gas are produced. This has led to 
these processes being viewed on occasion as primarily 
gasifiers rather than iron producers. 

Kloeckner first and then British Steel have been working 
with support from the Commission using existing plants, on a 
process to produce simultaneously liquid steel and a low sul-
fur off-gas. 

The Commission has supported two programs on under-
ground gasification since 1978: one, a Belgo-German project 
carried out in Belgium and the other French. It was con-
cluded by both groups by 1984 that reverse combustion espe-
cially at depth was not a satisfactory technique and work was 
halted in France. 

By this time, directional drilling techniques had been 
developed such that it is possible to drill a hole which will 
bend till it passes horizontally through the seam, linking the 
vertical holes. A preliminary attempt to use this technique 
was carried out in Belgium. While much valuable experience 
for use in future trials was obtained, the experiments came to 
an end in spring 1987. 

Under pressure from the Commission, a European Working 
Group on Underground Gasification is now being set up 
with Belgium, Germany, France, Netherlands, Spain and 
United Kingdom companies participating and they will 
propose a program for further work. 

The 'THERMIE" Program 

On July 11, 1990, a new European energy program, called 
TI-IERMIE, came into operation. Its objectives are to 
promote innovative technologies, processes or products, to 
disseminate the results of successful technologies and to 
promote the replication of successful technologies. The dura-
tion of THERMIE is 5 years (1990-1994) with an estimated 
budget of 700 million ECU (US$860 million). The maxi-
mum support to projects will be 40 percent for innovative 
projects and targeted projects and 35 percent for dissemina-
tion projects. THERMIE will cover the following areas: ra-
tional use of energy, new and renewables energies, explora-
tion and production of hydrocarbons and clean use of solid 
fuels. To be eligible for support, projects have to be spon-
sored by at least two companies from two Member States if 
the total cost is higher than 6 million ECU and of course 
they have to be carried out in the European Community. 

In the solid fuel area, four topics will be covered: 

Combustion: circulating fluidized bed, pressurized 
fluidized bed, low-NO 5 burners, production and 
combustion of ultra-clean coals

Conversion: conversion of solid fuels into gaseous 
or liquid energy products 

- Waste: use, treatment or enhancement of gaseous, 
liquid and solid wastes arising as a result of the use 
of solid fuels 

Integrated Gasification Combined Cycle: It has 
been agreed that the Commission can finance a 
unique integrated gasification combined cycle to 
have a minimum size of 150 megawatts electrical. 

The Commission is actively preparing this IGCC targeted 
project in order to get it started during the second part of 
1991 and to put it into operation in 1994. 

Another targeted project which is in preparation is the one 
mentioned earlier on underground coal gasification. The 
Commission has received an application for an underground 
coal gasification experiment in Spain at Val de Arino 
(Teruel); this 4-year project has a total cost of 22.8 million 
ECU. The main innovative aspects are the applications of 
deviated/horizontal drilling techniques and the testing of 
two different gasification concepts: channel and filtration 
gasification. 

CLEAN COAL TECHNOLOGY PROGRAM UNDER WAY 
IN CHINA 

A paper by W. Yang et al. of the Chinese Academy of 
Sciences (CAS) titled "Demonstration Program of Clean 
Coal Technology in China" was prepared for the Seventh 
Annual International Pittsburgh Coal Conference held in 
September. Recent advances of State and Academy spon-
sored projects on coal gasification, water gas methanation, 
fluid bed combustion and cogeneration of town gas and 
motor fuel or chemicals were reviewed. All these projects 
have successfully passed small scale pilot or demonstration 
tests. 

As is well known, China is relying on coal as its main source 
of energy. Since 1980 the development of clean coal technol-
ogy has become an essential part of the national energy 
policy. In the sixth and seventh 5-year plan periods (1981-
1990), the Chinese Academy of Sciences has been actively 
engaged in a number of coal conversion research and 
development projects. 

Further scaleup, demonstration or deployment of these tech-
nologies in the next 5 years is now under consideration. 
These efforts will be closely related to innovation or expan- 
sion of numerous small power plants, synthetic ammonia 
plants, etc. Since many of these are using outdated equip-
ment with low efficiency and creating serious pollution, the 
implementation of this program should greatly improve their 
economic and environmental situation. The program is ex-
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Recent research shows that this process can be more benefi-
cial if some valuable chemical byproducts (such as high 
quality solid paraffin or gaseous olefins) could be isolated 
and utilized. The Institute has developed new catalysts for 
this purpose. 

pected to be mainly financed by the provincial or municipal 
governments and the plants themselves, with the support of 
the central government. 

Gasification 

In 1983, a small-scale pilot gasifier, of the ash agglomerating 
type, was set up in the Institute of Coal Chemistry, CAS. 
Since then, 130 tests have been performed with this unit. It 
has been found to be applicable to a wide range of coal, in-
cluding: 

- High ash and high ash fusion point coal, which is 
abundant in China 

Coke breeze and middlings, which are cheap and 
easily available 

The construction cost is said to be low, no expensive 
materials are required, and the estimated investment is 
about 40 percent lower than conventional gasifiers. 

A 24 ton per day coal throughput gasifier is in construction 
now, to be put in operation late this year. A demonstration 
plant will be built in the next 5 years. 

Methanation of Water Gas 

Partial methanation of water gas is another way of increasing 
town gas supply. Numerous small water gas producers are in 
operation all over China. They are home-made, cheap and 
easy to handle. The Dalian Institute of Chemical Physics, 
CAS, has succeeded in developing two types of catalysts, one 
operable under normal pressure and the other under 
medium pressure. 

Two demonstration plants working under normal pressure 
were expected to start operation in 1990. The sulfur-
resistant catalyst has passed a 100 hour duration test with 
side-stream gas from an industrial Lurgi gasifier. Lurgi type 
gasifiers will be employed in some big cities for town gas 
production. This catalyst will be used to reduce the CO con-
tent of the gas. 

Cogeneration 

Because town gas is being supplied to the residents at a regu-
lated low price, most gas plants in China are operating with 
government subsidies. In order to improve the economic 
situation of these plants, it is advisable to develop cogenera-
tion processes with town gas as a byproduct. The Institute of 
Coal Chemistry, CAS, has succeeded in the synthesis of high 
octane gasoline from syngas; the tail gas from this process is 
clean, methanated and low in CO content. Because both 
motor fuel and town gas are in short supply, and motor fuel 
could be sold at deregulated prices, the cogeneration of 
motor fuel and town gas would be an interesting option. A 
demonstration plant producing 2,000 tons per year of motor 
fuel and 28,800 cubic meters per day of town gas is under 
design and planned to begin operation by 1992.

Rapid expansion of town gas supply and cleaner air are an-
ticipated to result from the implementation of these 
demonstration projects. 

Expansion of Town Gas Supply 

To meet with the increasing demand for town gas supply, the 
Academy is engaged in three projects: 

- Ash agglomerating coal gasification 
- Partial methanation of water gas 
- Cogeneration of motor fuel and town gas 

Coke oven gas is till the main source of town gas in China. 
Many coke plants, however, are not built in the vicinity of 
blast furnaces, so that nearly half of the coking gas produced 
is consumed as oven fuel. Therefore town gas supply could 
be nearly doubled, if a cheap, low heating-value gas were 
available. Some plants are using conventional gasifiers for 
lump coals, but both investment and operation costs are un-
acceptable, especially in places where coal prices are rela-
tively high, and supply of lump coal falls short of demand. 

GSP PROCESS CONSIDERED FOR TWO 16CC 
PROJECFS IN GERMANY 

The GSP entrained flow gasification process was developed 
in East Germany during the years 1976 to 1983. A pilot 
plant with a flow rate of 350 kilograms of coal per hour was 
commissioned in 1979. Since 1983 a demonstration scale 
gasifier with a flow rate of 30 tons per hour has been 
operated at Schwarze Pumpe. 

In 1987 Deutsche Babcock Werke AG (DBW) began work-
ing to integrate the GSP entrained flow gasifier into a com-
bined cycle power station design. For this purpose a new 
company, Brennstoff und Enertgietechnlk GmbH, was estab-
lished. The new company is jointly operated by DBW and 
Deutsches BrennstotT-Institut in Freiberg. An update on 
these efforts was given by DBW's H.J. Meier at the Ninth 
Annual Conference on Gasification Power Plants, hosted by 
the Electric Power Research Institute in October. 

The integration of the GSP gasification system in a system 
for power production was investigated in several detailed 
planning studies for power plant unit outputs of 20 to 
300 megawatts. 
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operating lock hoppers and one feeding vessel operating on 
the fluidized bed principle. In the vortex shaft of the feeding 
tank a partial fluidized bed is produced. The fuel feed is 
characterized as stable dense phase transport. 

The GSP Process 

The GSP gasifier is an entrained flow gasifier operated on 
oxygen and steam. 

According to Meier, the (iSP gasification process is espe-
cially well suited for power plant operation due to the follow-
ing features: 

Short startup and shutdown times as well as good 
load following behavior of up to tO percent per 
minute. 

High gasification efficiency with low specific oxygen 
consumption. 

A dry fuel feeding system suitable for all solid 
fuels. 

Parallel flow of raw gas and slag in the gasifier and 
radiation cooler area. Transverse flows contaminat-
ing the raw gas cooling system are reduced to a min-
imum. 

A leaching-resistant slag is produced. 

High gasifier capacities making possible single-line 
power plants with an output of 150 megawatts. 

Complete conversion of all hydrocarbons to a tar, 
oil, and phenol-free product gas. 

The (iSP reactor consists of a cylindrical reaction chamber 
formed by a cooling screen. The cooling shell is surrounded 
and supported by a pressure vessel which is directly con-
nected to the downstream radiation cooler (Figure 1). Thus, 
the mechanical stress is separated from the thermal stress of 
the reaction chamber. 

The cooling screen consists of a gas-tight membrane wall 
structure which is studded on the inside and lined with a 
refractory compound to protect it against corrosive attacks of 
the process gas (Figure 2). 

Slag flow down the cooling screen creates an "automatic con-
trol" behavior which contributes to reactor safety. The slag 
is thrown in small droplets by the gasification burner onto 
the cooling screen. First, a layer of solidified slag is formed 
on the cooling screen which, depending on the reactor 
capacity and the heat flow transmitted to the cooling screen, 
has different layer thicknesses (Figure 2). In case of sudden 
flow increases in the feeding system or on the oxygen supply 
side, part of the slag layer on the cooling screen is melted. 
This immediately results in an increase of the heat flow to 
the cooling screen which compensates the undesirable power 
increase and thus creates an "automatic control" behavior. 

The (iSP entrained flow gasifier is fed via a dry fuel feeding 
system. The pressure transfer system consists of a storage 
bunker operated at atmospheric pressure, two intermittently
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Demonstration Project
	 Using the GSP process 30,000 tons of this high-salt brown 

coal were tested satisfactorily. 
As the standards of the Federal Republic of Germany will 
apply to emissions of power plants in the former German 
Democratic Republic as of July 1, 1996, there is a con-
siderable demand for new power plants in eastern Germany. 
According to an estimation of a large German utility com- 
pany about 30 to 40 billion DM will have to be invested in 
the electric power industry of eastern Germany within the 
next 10 years. 

Up to now, 85 percent of the electric power in the eastern 
region has been produced from brown coal. For this pur-
pose about 300 million tons of sulfur- and salt-containing 
brown coal per year are converted in 15 utility companies. 

In the future, says Meier, brown coal from eastern Germany 
will be used for electric power production only in connection 
with flue gas cleaning systems. For locations at Trattendorf 
and Geiseltal the construction of a combined cycle power sta-
tion with GSP coal gasification is being discussed. 

The Geiseltal power plant burns high-salt brown coal charac-
terized by a high Na2O and lCzO content in the ash of more 
than 20 percent. Brown coal with such high salt contents can-
not be fired in conventional power plants, because the low 
softening point of the ash results in severe contamination of 
the heating surfaces.

TABLE 1 

DESIGN DATA FOR GSP 16CC PLANT 
BURNING BROWN COAL 

Fuel:	 Brown Coal 
Lower Heat Value	 21.5 MJ/kg 
Ash Content	 8.2% 
Water Content	 10.0% 

Gasifier Data: Carbon Conversion	 99.5% 
Gasification Efficiency	 74% 

Power Plant: Gross Capacity 	 170 MW 
Net Capacity	 154 MW 
Net Efficiency (LHV)	 42.5%

At Geiseltal a combined cycle power station with an output 
of 150 megawatts is planned as a first stage. Design data for 
such a plant are shown in Table 1. An alternative to the loca-
tion at (ieiseltal is a location at Trattendorf in the Branden-
burg region. 

For using Ruhr hard coal in a combined cycle power plant 
with GSP coal gasification a detailed investigation was 
carried out for the location of Duisburg in North-Rhine 
Westphalia. The design conditions for a GSP combined 
cycle power plant operated on hard coal are indicated in 
Table 2. 

For achieving the electric power plant output of about 
200 megawatts two Siemens gas turbines, type V64.3 and one 
steam turbine set are provided. 

On the basis of various project studies for GSP combined 
cycle power plants operated on hard and brown coal, Meier 
estimates that the first such plant could begin construction 
by the second half of 1992 and begin operation in 1995. 

TABLE 2 

DESIGN DATA FOR GSP 16CC PLANT 
BURNING HARD COAL 

Fuel:	 Hardcoal (Ruhr) 
Lower Heat Value 19.2 MJ/kg 
Ash Content 39.6% 
Water Content 1.0%

Gasifier Data: Carbon Conversion 	 99.0% 
Gasification Efficiency 	 76.0% 

Power Plant: Gross Capacity 	 220 MWe 
Net Capacity	 180 MWe 
Net Efficiency (LH)	 44% 
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ENVIRONMENT 

FLUE GAS DESULFIJRIZATION TO REPLACE 
SULFOLIN AT GREAT PLAINS 

A flue gas desulfurization system has been selected as the 
best available control technology (BACT) for the Great 
Plains synfuels plant near Beulah, North Dakota. Emissions 
of sulfur dioxide (SO,) have been an issue since the plant 
began operating in 19g4. 

The Dakota Gasification Company (DGC), the plant's 
owner, was cited for exceeding state SO 2 standards and was 
required to submit a BACF analysis to the North Dakota 
Health Department by October 31, 1990 to avoid a 
$1 million civil penalty. 

The synfuels plant has been using Sulfolin, a chemical 
process used to trap SOT When the technology proved to 
be unsuccessful, a larger parallel Sulfolin unit was added. 
However, the plant continues to emit 6,000 to 8,000 pounds 
of SO2 per hour, well in excess of the state-imposed limit of 
1,340 pounds per hour. 

The $1 million penalty has been suspended and will be dis-
missed if DGC meets certain conditions and deadlines in cor-
recting the situation. 

DGC says that the proposed wet limestone scrubbing system 
will cost about $100 million over a period of several years. 
Operating costs are expected to increase by about 
$10 million as a result. 

The flue gas desulfurization system is designed to remove 
90 percent of the plant's 502 

#111 

NIOSH STUDYING TOXICITY OF MILD GASIFICATION 
PRODUCTS 

The National Institute for Occupational Safety and Health 
(NIOSH) is carrying out a study on the toxicity of liquid 
products resulting from the mild gasification of coal. 

The objectives of this project are: 

To perform mutagenicity studies on coal liquids 
produced by mild gasification from different

coals/or processing conditions using the Ames 
Salmonelia/microsomal assay system 

To determine whether coal liquids which are 
mutagenic to bacteria are also mutagenic and/or 
clastogenic to mammalian cells 

To establish correlations among mutagenicity, 
aromaticity and boiling range of coal liquids 

To identify the chemical classes which are respon-
sible for the mutagenic activity of gasification 
products 

Coal liquids (and upgraded products) produced by mild 
gasification from four different coal types and processing con-
ditions will be used for this study. Each sample will be ex-
tracted by the acid-XAD extraction method. The extracted 
and/or original materials will be used for physiochemical 
analysis and mutagenicity testing. Characterization of the 
aromaticity of the extracted materials will be carried out by 
determination of the hydrogen to carbon ratio and by fluores-
cence and NMR spectroscopy. The first tier Ames 
Salmonella/microsomal assay system will be used for the 
mutagenicity study. Each sample will be tested with TA98 
and TA100 in the presence and absence of in vitro metabolic 
activation. Up to six coal liquid samples which are 
mutagenic to bacteria will also be tested for the induction of 
gene mutation, sister chromatid exchange, and micronucleus 
formation in cultured Chinese hamster lung cells. Selected 
coal liquids will be further fractionated into acidic, basic, 
neutral, PAIl and sub-PAH fractions. Chemical and spectro- 
scopic characterization of each fraction will be performed. 
Each fraction will also be tested for mutagenicity using the 
Ames Salmonella/microsomal assay system. 

Genotoxicity studies and the characterization of chemical 
compositions are of value for assessing the potential occupa-
tional and environmental health impacts of coal conversion 
processes and products. Moreover, toxicity data should 
provide a basis for modification of processing conditions to 
produce non- or less-toxic materials and to reduce the poten-
tial carcinogenic and reproductive hazards of coal products 
to the exposed population. 
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RECENT PUBLICATIONS 

The following papers were presented at the Ninth Annual EPRI Conference on Gasification Power Plants, held in Palo Alto, 
California, October 17-19: 

tenWolde, D.G., 'The 250 MW Netherlands 1(3CC Project." 

Berglund, B., et al., 'The 350 MWe NEX Project? 

Adlhoch, W., et al., "The Development of the H'FW Coal Gasification Process." 

Furfari, S., "CEC's Thermie Program.' 

McDaniel, J., et al., "Integrated Gasification Humid Air Turbine (IGHAT) - A Cost Breakthrough Technology." 

Meyers, S., et al., 'Advanced Molten Carbonate Fuel Cell Power Systems Using the BGL Gasifier." 

Jensen, R.P., et al., "SCGP-Progress in a Proven, Versatile and Robust Technology." 

Cummins, W., et al., 'The Texaco Gasification Process - Status, New Applications, and Planned Development." 

Roll, M., et al., "Operation of the Dow Coal Gasification Process During 1990." 

Lacey, JA., et al., "The Application of the BGL Gasifier for Power Generation." 

Meier, Hi., et al., "GSP Process - Status and Plans." 

Bajura, R., "Update on DOE's 1(3CC Programs." 

Allen, R.P., et al., "Characteristics of an Advanced Gas Turbine with Coal Derived Fuel Gases.' 

Becker, B., et al., 'Gas Turbine Design for Buggenum - the First Modern European IGCC." 

Garland, D., 'Westinghouse's GCC Experience and Projections for Advanced Gas Turbine Cycle Performance." 

Van Der Linden, S., "ABB's Gas Turbine Activities and Plans for Future Integrated GPP's." 

Wood, R.W., "Emission Tests on a Gasified Coal Fired Gas Turbine." 

RasHer, D., "Molten Carbonate Fuels Cells Commercialization Plans and Opportunities for Integration with Coal 
Gasification." 

Eis, BJ., et al., 'Treatment of Gasification Wastewater: Treatability Test Results and Development of a Process Design 
Manual." 

Klock, B.V., 'Texaco Coal Gasification Wastewater Handling Treatment Pilot Plant Studies." 

Bakker, W., "Materials for Coal Gasification - An EPRI Perspective." 

Van Liere, K., et al., "Materials Performance at the SAR Coal Gasification Plant." 

Schellberg, W., et al., "Materials Performance at the Prenflo Gasification Plant." 

Breton, D., "Materials Development Experience at the Dow Syngas Project." 

Walters, A., et al., "Methanol Coproduction with a Base Load IGCC Plant.' 

Sears, RE., et al., 'Site Specific Study of Air-Blown Gasification Power Plants with Hot Gas Cleanup." 

Iyengar, R., et al., "Use of High Ash Coals for IGCC Power Plants.'
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Iwama, N., et al., "Oxygen Production for 1(3CC Adopting Pressure Swing Adsorption System." 

Smelser, S., et al., "An Engineering and Economic Evaluation of CO 2 Removal From Fossil Fuel-Fired Power Plants." 

Larsen, B., "Biomass-Gasification Gas Turbine: Applications in the Pulp and Paper Industry: An Initial Strategy for 
Reducing Electric Utility CO2 Emissions." 

The following papers were presented at the Seventh U.S.-Korea Joint Workshop on Coal Utilization Technology, held August 26-29 
in Pittsburgh, Pennsylvania: 

Yancik, J.J., "The Role of U.S. Coal in World Coal Markets." 

Park, W.H., et al., "Characterization of Low-Temperature Pyrolysis Tars and Effects of Pyrolysis Temperature on Tar 
Constitution." 

Song, KS., et al., "Effects of Pyrolysis Temperature on Char Oxidation Kinetics." 

Babu, S.P., et al., "Development of the IGT Mild Gasification Process—A Status Report." 

Rehmat, A. et al., "U-GAS Coal Gasification Process with In-Situ Desulfurization." 

Yoon, W.L., et al., "Relationship Between Surface Acidity and Liquefaction Yield of Commercial Hydrotreating Catalysts." 

Cugini, A.V., et al., "A Highly Active Disposable Iron Catalyst for Coal Liquefaction." 

Pawlak, W., et al., "Novel Application of Oil Agglomeration Technology." 

The following papers were presented at the Seventh Annual International Pittsburgh Coal Conference, held September 10-14, in 
Pittsburgh, Pennsylvania: 

Solomon, P.R., et al., "Progress in Coal Pyrolysis." 

Niksa, S., et al., "Modeling the Devolatilization Behavior of Various Coals." 

Freihaut, J.D., et al., "Insights on Tar Release from Rapid Pyrolysis of Bituminous Coal by Chemical Characterization and 
Mathematical Modeling Studies." 

Hertzberg, M., et al., "Measurements of Pyrolysis Rates and Structural Changes During the Devolatilization of Single Coal 
Particles Using Pulsed Laser Heating at Combustion Level Heat Fluxes." 

Baxter, L.L., et al., "Experimental Determination of Mineral Matter Release During Coal Devolatilization." 

Khan, M.R., et al., "Influence of Oxygen Preadsorption on Nonisothermal Char Reactivity." 

Daw, C.S., et al., "Combustion Reactivity of Mild-Gasification Chars." 

Timpe, R.C., et al., "Characterization of Gasification Coal Char." 

McCormick, R.L., et al., "Characterization of Mild Gasification Char for Methane Production." 

Hyde, W.D., et al., "Effects of Devolatilization Reactor Type on High-Temperature and Low-Temperature Char Oxidation 
Rates." 

Kaamarzyk, G., et al., "Coal Pyrolysis in Economical Use of Coal." 

Grahame, T., "The Bush Administration's Effort to Construct a National Energy Strategy." 

Holt, M. "Energy Security Laws of the 1970s and Their Effectiveness Today." 

Geffreys, K., 'The Green Road to Chaos."
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Harrison, CD., et al., "Utility Industry Perspective on a National Energy Strategy? 

Canes, M.E., "National Energy Strategy. A Petroleum Industry Perspective? 

Lawson, R., "Nine Points for American Independence of Action in Energy." 

Koleda, M.S., "Synthetic Fuels Policy in the Years Ahead." 

Ban, H.C., et al., "Demonstration Program of Clean Coal Technology in China? 

South, D.W., et al., "Economics and Environmental Performance of Clean Coal Technologies: A Comparative Analysis and 
Status Report." 

McDermott, K.A., et al., 'The Future of Clean Coal Technology. An Evaluation of the Proposed CCI' Incntives in 
HR 3030." 

Perry, R.T., et al., "Environmental Characterization of the Shell Coal Gasification Process. Ill. Solids By-Products." 

Shishao, T., et al., "Dry Desulfurization of Synthesis Gas from Coal for Small and Medium Sized Chemical Plants." 

Siegel, J., "Status and Issues of Clean Coal Program." 

Bird, J., "Ohio State's Clean Coal Technology Program." 

Kane, R., "Clean Coal Technology and Global Warming." 

Strakey, J., "Clean Coal Technology Program at PETC." 

Langdon, W., "Clean Coal Technology Program at MElt." 

Lillywhite, J., "Potential Utility Market for Clean Coal Technology." 

Hester, J.C., et al., "Proposed Demonstration of an Air Blown Coal Gasification Combined Cycle Gas Turbine Concept." 

Rao, AD., et al., "A Technical and Economic Evaluation of the Humid Air Turbine Cycle." 

Towers, T.G., 'The Current Status of Great Plains." 

Furfari, S., "Coal Gasification and Clean Use of Coal in the European Communities." 

Yang, W., et al., 'The Development of ICC Coal Gasification Process." 

Harada, E., et al., "Development of Coal Partial Combustor (CPC) System for Industrial Boiler Fuel Conversion." 

Abbasian, 3., et al., "Stabilization of Calcium Sulfide Produced in Coal Gasification with In-Situ Desulfurization." 

Najjar, M.S., et al., "Bench-Scale Test Results with Iron Compounds as Sorbents for In-Situ Sulfur Capture with the Texaco 
Coal Gasification Process." 

Celik, I., et al., "Prediction of Carbon Retention Trends in an Entrained Flow Gasifier." 

Wilson, W.G., et al., "Hot Fuel Gas Desuffurization Using Doped Cerium Oxides." 

Baker, G.G., et al., "Dakota Gasification Company's Development of Chemicals from Lignite Coal." 

Gcertsema, A., "Chemicals from the Sasol Plant." 

Agreda, V.H., et al., "Future of Chemicals from Coal." 

Soled, S.L., et al., "Selectivity Control in Iron Catalyzed Fischer-Tropsch Synthesis." 
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Mills, GA., "Improving Perspectives for Oxy-Fuels? 

Tatsumi, T., et id., "Active Species for Mixed Alcohol Synthesis from CO-H 2 Over Mo/Si02." 

Palekar, V.M., et al., "A Novel Synthesis of Methanol." 

Lee, S., et al., "Single-Stage, Dual-Catalytic Synthesis of Dimethyl Ether from CO-Rich Syngas." 

Risch, CE., "An Industry Perspective on Alternative Fuels." 

Run-tian, M., et at., "Briquetted Coal Made for Gasification Through Hot-Pressing and Modification of Fine Coat." 

Suiygala, J., et al., "Deoxygenation in the Processes of Brown Coal and Brown Coal Derived Liquids Hydrogenation." 

Nizinska-Bazaniak, B., et at., "Chemical Characterization of Coal Derived-Liquids Using Structural Group Analysis." 

Pollack, N.R., et al., "Pretreatment Effects on Coal Liquefaction." 

Shabtai, J., et al., "Recent Progress in the Development of a Low-Temperature Coal Depolymerization-Liquefaction 
Procedure." 

Dekker, J., et al., "Non-Catalytic Oxidation of Water-Slurried Coal with Oxygen. A Promising New Route to Oxihumic and 
Oxifulvic Acids." 

Zhang, X., et al., "Low-Temperature Depolymerization-Liquefaction of a Brown Coal from Victoria, Australia." 

Parker, Ri., et al., "Coal/Oil Coprocessing: Evaluation of Spent Catalyst for Cascading." 

Whitney, E., et al., "Applied Direct Coal Liquefaction." 

Ikura, M., et al., "A Techno-Economic Evaluation of CANMET Coprocessing Technology." 

Basu, A., et al., "Improvements in the Cost of Liquid Fuels from Direct Liquefaction." 

Robinson, N., et al., 'Transport Fuels from Coal: Modeling British Coal's Liquefaction Process." 

Rao, S.N., et al., "Coal/Oil Coprocessing Retrofit Alternatives at a High Conversion Refinery." 

Gray, D., et al., "Integrating Coal Cleaning and Pyrolysis with Two-Stage Direct Coal Liquefaction: Assessment of the 
Technical and Economic Potential." 

Frey, H.C., et al., "Modeling Uncertainties in IGCC System Performance and Cost." 

Rehmat, A., et al., "U-Gas Based Integrated Gasification Combined Cycle System." 

O'Donnell, JJ., "A Combined Cycle Power Plant Based on Pressurized Circulating Fluid Bed Gasification and Combustion." 

Nijmeijer, J., et al., "Limestone-Based Regenerative Desulfurization Sorbents Tested Under AFBC Conditions and Under 
IGCC Conditions." 

Guziel, KA., et at., "Coal Versus Gas: An Examination of Technology Choice in a Least Cost Expansion Analysis 
Framework." 

Minchener, AJ., 'The British Coal Topping Cycle Development Programme."
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COAL - PATENTS 

"Process for the Production of High Purity Coke from Coal," John A. Eady, Christopher G. Goodes, John C. Nixon - Inventors, 
Comalco Aluminum Ltd., Alcan Australia Ltd., Alcoa of Australia Ltd., United States Patent Number 4,943,367, July 24, 1990. 
High purity coke particularly suited to the production of anodes for aluminum smelting is produced by an integrated process that 
includes flash pyrolysis and delayed coking. In the integrated process, flash pyrolysis of carbonaceous materials such as coal, oil 
shale or tar sand is operated under conditions that maximize the production of tar suitable for coking, and the delayed coking is 
operated under conditions that maximize the coke yield, and intermediate products may be recycled to enhance overall efficiency. 

'Process for Single-Step Coal Liquefaction, Alberto Delbianco, Ermanno (3irardi - Inventors, Eniricerche S.p.A., United States 
Patent Number 4,968,414, November 6, 1990. A process for the single-step coal liquefaction is disclosed, which comprises reacting 
the coal in an aqueous suspension with carbon monoxide in the presence of a CO-conversion catalyst selected from an alkaline 
hydroxide or carbonate, wherein the reaction takes place at a temperature maintained for a time of up to about 20 minutes equal to 
a value selected within the range of from about 300 to 3700C, and then is increased over a time within the range of from about 20 
to 40 minutes, until a temperature value is reached, within the range of from about 420 to 450°C and is kept constant for a time of 
up to about 20 minutes. 

"Coal Gasification Cogeneration Process," Jerome H. Marten - Inventor, Florida Institute of Phosphate Research, United States 
Patent Number 4,963,513, October 16, 1990. The present invention relates to the coproduction of a combustible gas stream usable 
as an energy source, a sulfur dioxide-containing second gas stream usable as a source of oxidant in the gasification of coal, and a sul-
fur dioxide-containing third gas stream usable as a feedstock for the production of sulfuric add. The process includes heating coal 
in a coal gasification zone in the presence of an oxygen and sulfur dioxide-containing atmosphere under partial coal gasifying condi-
tions to produce a carbonaceous char and a crude coal gas stream. Sulfur-containing compounds are removed from the coal gas 
stream and convened to elemental sulfur. The carbonaceous char is combined with gypsum to form a feed mixture. The non-
gypsum portion of the feed mixture contains sufficient reducing potential to release substantially all of the sulfur in the gypsum as 
gaseous compounds of sulfur in a +4 or lower oxidation state. The feed mixture is heated under reducing conditions to produce a 
sulfur dioxide-containing second gas stream recovered at an early stage of the reaction, a sulfur dioxide-containing third gas stream 
and a solid sintered product. The sulfur dioxide-containing second gas stream is recycled back to the gasification zone to provide 
the oxidant for the coal gasification. 

"Determination of Gasifier Outlet and Quench Zone Blockage," Lloyd A. Clomburg, Jr., Otto E. Crenwelge, Jr. - Inventors, Shell 
Oil Company, United States Patent Number 4,963,163, October 16, 1990. A method for determining blockage of a coal gasification 
process gasifier outlet or quench zone by observing changes in the sound pressure between the quench zone and the gasifier is dis-
closed. 

"Coal Gasification Process," Charles V. Sternling - Inventor, Shell Oil Company, United States Patent Number 4,963,162, 
October 16, 1990. A process for the gasification of coal is disclosed, the process being characterized by the removal of flyslag 
deposits in the quench zone of the process by temporary reduction or stoppage of the flow of the quench gas to melt the deposits, 
and by diversion of a portion or all of the quench gas during the reduction or stoppage to a locus between the quench zone and the 
heat exchange zone. 

"Centrifugal Pump for Pulverized Material," Bernardus B. Quist, Andrew M. Scott, Teunis Terlouw - Inventors, Shell Oil Company, 
United States Patent Number 4,963,065, October 16, 1990. A centrifugal pump for feeding pulverized material such as coal par-
ticles from a low pressure zone into a high pressure zone, said pump having nozzles mounted on a rotor. The pulverized material is 
ejected into the high pressure space through the nozzles, and gas is supplied to the nozzles to control the flow rate of the pulverized 
material. Devices are provided that ensure mass flow of the material through the nozzles, even if the nozzles have a short length. 

"Process for Gasification of Coal Utilizing Reactor Projected Internally with Slag Coalescing Materials," Charles V. Sternling - In-
ventor, Shell Oil Company, United States Patent Number 4,959,080, September 25, 1990. A process and reaction for the gasifica-
tion of coal disclosed, the invention being characterized by the provision in each of a plurality of layers of slag coalescing materials 
on the inner liner of the reactor to provide a protective coating on the wall or walls of the reactor. 

"Apparatus for Producing Sponge Iron or Pig Iron," Rolf Hauk - Inventor, Deutsche Voest-Alpine, United States Patent 
Number 4,958,808, September 25, 1990. A process for producing sponge iron from iron ore is described, which is reduced to sponge 
iron in a reduction shaft furnace by means of a hot reduction gas. For this purpose reduction gas at a temperature in the range 750 
to 9000 is introduced into a shaft furnace level with a bustle plane having been produced in a gasifier, then cooled and purified in a 
cyclone separator. Reduction gas is introduced below the bustle plane at a temperature below that of the reduction gas introduced 
in the bustle plane and is preferably introduced into the shaft furnace between 650 and 750 0. Increased carburization of the sponge 
iron is obtained. Increased carbon separation also results through a volume increase, particularly by increasing the cross section 
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through the lower part of the shaft furnace. Carburization is also assisted in that the ratio of the reduction gas quantity supplied 
below the bustle plane is made as large as possible compared with the reduction gas quantity supplied in the bustle plane. 

"Process for Sulfur Removal and Recovery from Fuel Gas Using Physical Solvent,' William P. Hegarty - Inventor, Air Products and 
Chemicals Inc., United States Patent Number 4,957,515, September 18, 1990. A process for recovery of hydrogen sulfide-free fuel, 
while maintaining desirable carbon dioxide for combustion in a gas turbine to recover power in an integrated coal gasification com-
bined cycle power plant and obtaining a rich hydrogen sulfide Claus plant feed gas is described. 

"Arrangement for Recovering Molten Pig Iron or Steel Pre-Products from Lumpy Iron-Oxide Containing Charging Substances," 
Markus Hubig, Horst Sulzbacher - Inventors, Korf Engineering GmbH, United States Patent Number 4,955,587, September 11, 
1990. There is disclosed a process of recovering molten pig iron or steel pre-products from lumpy iron-oxide containing charging 
substances. The charging substances are reduced to sponge iron in a direct reduction zone, the sponge iron is smelted in a 
meltdown gasifying zone under supply of carbon carriers and oxygen-containing gas forming a coal fluidized bed, and CO and H2 
containing reduction gas is produced, which is injected into the direct reduction zone and reacted there. For the commercial utiliza-
tion of low-quality scrap grades, such as e.g., automotive scrap, (a) scrap is charged into the meltdown gasifying zone in addition to 
sponge iron, (b) the scrap has an apparent weight of between 300 and 1,000 kilograms per cubic meter, preferably between 400 and 
600 kilograms per cubic meter, and (c) the temperature of the coal fluidized bed is maintained at 1,500 to 1,780°C. The scrap 
passes the coal fluidized bed, is carbonized and is smelted by maintaining reducing conditions, and possibly present organic im-
purities are pyrolyzed. 

"Inhibition of Sulfide Inclusion in Slag," Michael W. Potter - Inventor, Shell Oil Company, United States Patent Number 4,954,137, 
September 4, 1990. A process for the gasification of coal is described which comprises partially combusting particulate coal in a 
gasification reactor comprising a gasification zone and a water bath and producing a hot gaseous stream containing synthesis gas 
and flyash, and slag, in the gasification zone. The slag produced is allowed to discharge from the gasification zone into the water 
bath, the redox potential of the water bath being formulated or maintained at a level sufficient to inhibit sulfide presence or inclu-

sion in the slag. 

"Methacoal Integrated Combined Cycle Power Plants," Leonard J. Keller, Austin N. Stanton - Inventors, United States Patent 
Number 4,953,479, September 4, 1990. Methacoal Integrated Combined Cycle Power Plants comprise a thermal separation plant 
for producing condensate liquid fuel and particulate carbonaceous fuel from Methacoal fuels, coal-methanol suspensoids or 
slurries; gas turbine generator plants for burning the liquid fuel to produce electric power, steam turbine generator plants for 
producing electric power, a boiler plant for producing steam for steam turbines; a small firebox for burning reactive particulate car-
bonaceous fuel, with minimum retention time for high temperature combustion gases and minimum oxygen required for combus-
tion, thus minimizing emissions of nitrogen oxides and hazardous ultra-fine particulates; and means for controlling ash fusion and 
slagging problems. The two generating plants are respectively sized to provide the capacity required, and to consume the two fuels 
in the proportions produced from the Methacoal fuels, during normal operations, allowing fuel inventory control. Gas turbine ex-
haust gases provide most combustion air for burning particulate fuel. Other uses of gas turbine exhaust heat facilitate control and 
achieving the high overall efficiencies. Capacity is about one-fourth gas turbine generated power to three-fourths steam turbine gen-
erated power for these new plants. Conventional combined cycle power plants have about two-thirds gas turbine generated power 
and only one-third steam turbine generated power. The invention facilitates low-cost retrofitting of steam power plants. New 
power plants will be much less costly than other coal or lignite power plants available, including fluid bed combustion plants and in-
tegrated gasification combined cycle plants. 

"Bridged Transition-Metal Complexes and Uses Thereof for Hydrogen Separation, Storage and Hydrogenation," Richard T. Hallen, 
Michael A. Lilga - Inventors, Battelle Memorial Institute, United States Patent Number 4,952,713, August 28, 1990. The present 
invention constitutes a class of organometallic complexes which reversibly react with hydrogen to form dihydrides and processes by 
which these compounds can be utilized. The class includes bimetallic complexes in which two cyclopentadienyl rings are bridged 
together and also separately pi-bonded to two transition metal atoms. The transition metals are believed to bond with the hydrogen 
in forming the diltydride. Transition metals such as Fe, Mn or Co may be employed in the complexes although Cr constitutes the 
preferred metal. A multiple number of ancillary ligands such as CO are bonded to the metal atoms in the complexes. Alkyl groups 
and the like may be substituted on the cyclopentadienyl rings. These organometallic compounds may be used in 
absorption/desorption systems and in facilitated transport membrane systems for storing and separating out H 2 from mixed gas 

streams such as the product gas from coal gasification processes. 

"Catalyst for Hydrotreating Coal Liquefaction and Circulation Solvent," Eiji Funatsu, Naoto Kinbara, Yukuaki Mitarai, Katsuzo 
Shiraishi, Klkoo Uekusa, Toshio Yamaguchi - Inventors, Sumitomo Metal Mining Company Ltd., United States Patent 
Number 4,950,633, August 21, 1990. Disclosed is a catalyst for hydrotreating a coal liquefaction and circulation solvent, in which 
gamma alumina carrier carries at least one metal of Group VI of the Periodic Table in an amount of about 15 percent by weight as 
the oxide thereof and at least one metal of Group VIII of the same Table in an amount of from 3 to 10 percent by weight as the 
oxide thereof and the pore distribution as measured by mercury pressure porosimetry satisfies the conditions that the pores having 
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a diameter of from 40 to 600 have a mean diameter of from 9 to 150 and the capacity of the pores having a diameter falling within 
the range of the mean diameter plus/minus 10 is 65 percent or more of the capacity of the pores having a diameter of from 40 to 
600. The catalyst is highly active for both hydrogenation and denitrogenation of coal-liquefying solvents. 

"Fluidized Bed Reactor Using Capped Dual-Sided Contact Units and Methods for Use," Frederick A. Zenz - Inventor, Hill Inc., 
United States Patent Number 4,947,803, August 14, 1990. A fluidized bed gas-solids contact reactor, which utilizes at least one 
capped concentric dual-sided riser-downcomer unit having a central inner riser passageway and a concentric outer downcomer pas-
sageway. The riser-downcomer unit is usually located above the fluidized bed, and is adapted for directing the downflowing solids 
back into the fluidized bed for recycle. The reactor unit inner and outer passageway surfaces include a heat exchange panel having 
inner and outer channels each containing a circulating liquid. Particulate solids from the dense phase fluidized bed are con-
tinuously circulated in dilute phase through the riser-downcomer unit passageways by a reactant gas to exchange heat with the H-
quid. The particulate solids can be a catalyst or a fuel material. The invention also includes a combustion system and method for 
combusting a particulate fuel such as coal in air to generate pressurized saturated liquid for producing saturated steam. The coal 
feed particles are substantially completely reacted or combusted during theft controlled passage through the reactor unit, and ash 
can be withdrawn from the lower portion of the fluidized bed. 

'Process for the Hydrogenation of Coal," Klaus Fuhrmann, Ulrich Graeser, Ludwig Men - Inventors, Veba Oel Technologic 
GmbH, United States Patent Number 4,944,866, July 31, 1990. A process for the hydrogenation of coal which entails slurrying pul-
verized coal with oil, hydrogenating the mixture at an elevated temperature and pressure and separating the liquid and solid reac-
tion products from the gaseous reaction products, wherein the slurry oil contains non-process derived hydrocarbon mixtures having 
a boiling range above about 200°C, in the amount of about 30 to 100 percent by weight with the remainder of the slurry oil being 

process derived oils having a boiling range above about 200°C. 

"Method for Methane Production," Frederick A. Hauck, Richard T. Schneider - Inventors, United States Patent Number 4,944,771, 
July 31, 1990. A method for producing methane by hydrolysis of aluminum carbide, the aluminum carbide being formed by reduc-
tion of aluminum hydroxide/aluminum oxide with carbon derived from low grade coal in the presence of a catalyst at a temperature 
of at least 1,2500C. The hydrolysis of aluminum carbide in the presence of an acid catalyst forms aluminum hydroxide and 
methane, and the aluminum hydroxide, along with admixed impurities, is returned to the reducing step. 

"Process for the Liquefaction of Coal," Helmut Wurfel - Inventor, (jfk Gesellschaft fur Kohleverflussigung MbH, United States 
Patent Number 4,946,583, August 7, 1990. In a process for the liquefaction of coal under increased pressure and temperature in a 
liquefaction zone, it is recommended that the liquefaction product Sting the liquefaction zone is fed into a coking area, there cool-
ing the gases and vapors produced, (which are mainly distillate oil vapors), preferably in direct heat exchange with the coal paste. 
The gases and vapors not condensed during this heat exchange are extracted from the unit as end products. The proposed type of 
process partially transfers oil production from the liquefaction zone to the coking zone, so that the liquefaction zone can be 
operated with low pressure. In addition, due to the direct heat exchange of the product vapors with the fresh coal paste, a great 
part of the exothermic heat created by the liquefaction reactions can be fed back into the process. 

"Process for the Production of Steel from Fine Ore Hot Briquetted After Fluidized Bed Reduction," Ralph Weber, United States 
Patent Number 4,946,498, August 7, 1990. Fine ore is reduced in a circulating fluidized bed by a reduction gas in the presence of 
fine coal, the discharged mixture of iron sponge particles and fine coal is subjected to hot compacting and then fed to a melting ves-
sel in which oxygen is injected into the molten material through nozzles. The melting vessel can also be supplied with scrap which 
has been preheated by the hot waste gases from the melting vessel, in a scrap preheater which is fitted onto the melting vessel. 

"Partial Oxidation of Bituminous Coal," Walter C. Gates, Jr., Mitri S. Najjar - Inventors, Texaco Inc., United States Patent 
Number 4,946,476, August 7, 1990. Synthesis gas, reducing gas, or fuel gas is produced by the partial oxidation of bituminous coal 
at an autogenous temperature in the range of about 2,000 to 2,700 0F and at a pressure in the range of about 17 to 100 atmospheres 
to produce a raw effluent gas stream containing entrained molten slag and carbon-rich particulate material. After cooling coarse 
slag and carbon-rich particulate material are separated. A fuel mixture comprising about 20 to 100 weight percent of said carbon-
rich particulate material and the remainder comprising a supplemental fuel is reacted by partial oxidation at an autogenous tempera-
ture of about 2,000 to 2,700°F and at a reduced pressure e.g., in the range of about ito 16 atmospheres and at least 16 atmospheres 
below the pressure in the partial oxidation reaction used to produce said carbon-rich particulate material. By reducing the pressure, 
less carbon-rich particulate material is produced in the second partial oxidation reaction at a significant cost savings and improved 
process efficiency.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since September 1990) 

ACME COAL GASIFICATION DESULFURING PROCESS - ACME Power Company (C-9) 

American Plactics and Chemicals. Inc. (APAC), based in Los An geles. California, signed an agreement in 1990 to acquire the Acme 
Power Plant located in Sheridan, Wyoming 

The Acme facility is a 12 megawatt coal-fired steam plant, which has been idle since 1977 when it was shut down in antici pation of a 
new nuclear power generating plant. 

The proiect will demonstrate the commercial viability of the desulfurizing gasification technology and make it ready for the retrofit 
of other coal-fired facilities. 

APAC's consulting engineers estimate that it will take about one year to brine the plant on-line after power sale contracts, environ-
mental nennits. and prolect financin g have been put in place. 

Proiect Cost: Undisclosed 

ADVANCED COAL LIQUEFACTION PILOT PLAWF - Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-b) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initialed by 
Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-1 process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtra-
tion which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at 
Wilsonville 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 (ML) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the 
process into two stages rather than one keeps the hydrogen consumption to a minimum- Also, mineral and heavy organic com-
pounds in coal are removed between stages using Kerr-McGee's Critical Solvent Deashing unit before they can foul the catalyst. 

ITSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gener-
ating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAP coal were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAP. This represents substantial improvement over single stage coal liquefaction processes. 

Tests then concentrated on testing both types of coals with the 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 cat 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 impSed hydrotreatment catalyst. The nickel based catalyst (AMOCAT 1-C) was 
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developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was increased by 60 to 90 percent over 
previous operations, while catalyst productivity doubled. Furthermore, an improved configuration was developed and proven out, 
whereby only the net vacuum bottoms are deashed, thereby reducing the equipment size substantially. 

The improved deashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms. For 
bituminous coal, conversion or the incremental product was achieved by adding another catalyst (cobalt-based Amocat 1-A) to the 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, more thermal volume was used, resulting 
in a 61 percent MAP distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active second stage 
catalyst. 

Later results showed that nickel-based bimodal catalysts can be used in both reactions, thereby allowing the aged catalyst from one 
stage to be cascaded to the other. This can increase operating flexibility and reduce overall catalyst cost. 

Recent work emphasized identifying potential cost benefits through advantageous feedstock selecting. This includes the use or 
lower ash (Ohio) coal and lower cost (Texas) lignite. The Ohio coal run results suggest that deep cleaning of the coal prior to li-
quefaction can increase distillate yield by 7-8 percent. 

Current work using Amocat catalyst indicated the need to improve first stage stage reactor design. This led to modification or the 
L/I) criteria which resulted in increased productivity corresponding to improved mixing. This improvement was also demonstrated 
with low-rank (Powder River Basin) coal. Additional efforts regarding reactor optimization are required. 

Project Cost: Construction and operating costs (through calendar 1990): $139 million 

AECI AMMONIA/METHANOL OPERATIONS - ABC LTD. (C-20) 

ABC 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-Totzelc two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of low sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs IC's low pres-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys-
tem generates additional steam, and has reduced requirements for land for ash disposal. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a 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' has attracted worldwide interest and is currently being evaluated as a diesel fuel replacement in a number of 
countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging technically but lacked economic 
feasibility, with the result that further work has been suspended. 

Project Cost: Not disclosed 

AMAX/EMRC MILD GASIFICATION DEMONSTRATION - AMAX, University of North Dakota Energy and Minerals Research 
Center (EMRC) (C-Si) 

AMAX is considering a I,) 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 will start up at the Energy and Environmental Research Center 
in Grand Forks, Noah Dakota in June 1990.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

BEWAG 0CC PROJECT - BEWAG AG, Brown Boveri and Cie and Lurgi (C-35) 

BEWAG AG of Berlin, in cooperation with Brown Boveri and Cie and Lurgi, has started to evaluate a project called "Erection and 
testing of a 0CC based demonstration plant." 

The project's ultimate goal is the erection of a 180 megawatt pressurized CF'B combined cycle power plant, with 40 megawatts ob-
tained from the gasification, and 140 megawatts from the combustion section. 

As both sections may be operated individually, the following partition can be obtained; 180 MW on operation of the total plant, 
100 MW on operation of the combustion section only and 40 MW on operating the gas turbine on oil or natural gas. 

The split of 40 megawatts/140 megawatts for the gasification and combustion sections is not the optimum if efficiency were to be 
maximized, but this split was chosen to enable meeting of special requirements of the Berlin grid, and to enable demonstration of 
the smallest commercial size gas turbine. 

An engineering/process study to investigate the general feasibility of both pressurized CFB gasification and the coupling of pres-
surized CFB gasification with atmospheric CFB combustion was supported by the German Ministry of Research and Technology, 
and concluded in 1986. 

A second phase component testing program, costing DM12 million and supported by the German Ministry of Research and Tech-
nology, is being carried out by a working group made up of BEWAG/EAB (Berlin), Ruhrkohte Oct and Gas GmbH (Bottrop), 
and Lurgi GmbH (Frankfurt), under the project leadership of EAR Energie-Anlagen Berlin GmbH. 

BHEL COAL GASIFICATION PROJECT - Bharat Heavy Electricals limited, Hyderabad, India (C-40) 

Bharat Heavy Electricals Limited (BHEL), of Vikas Nagar, Hyderabad, India considers fluidized bed coal gasification as a long 
term perspective for combined cycle power generation. An 18 ton per day coal capacity pilot scale Process and Equipment 
Development Unit (PEDU) has been built. 

BHEL as a manufacturer of power generation equipment has been involved in research and development activities related to ad-
vanced power systems. These include coal gas based combined cycles. 

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 25-45 percent by weight. 
The coals have high ash fusion temperature in the range 1,5234,723 degrees K. 

In the PEDU, coal is gasified by a mixture of air and steam at around 1,173 degrees K and at a pressure of 1.013 MPa. 

Phase I of the fluidized Bed Coal Gasification test program in the pilot scale plant is continuing. The plant was commissioned in 
the early 1989 and further test trials are in progress. 

In Phase II of the Fluidized Bed Coal Gasification Program, basic engineering of a demonstration scale up 150 TPD coal capacity 
gasification plant has been completed. This plant is scheduled for commissioning in 1991. A demonstration plant will be integrated 
with the existing 6 MW electrical gas turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed 

DUEL COMBINED CYCLE DEMONSTRATION PLANT - Bharat Heavy Electrical Limited, India (C-SO) 

Bharat Heavy Electricals limited (BHEL) of Hyderabad, India is carrying out a broad-based research program aimed at better and 
wider utilization of Indian coal resources. One phase of that program has involved building a small gasification combined cycle 
demonstration plant using a fixed bed coal gasifier. 

The Combined Cycle Demonstration Plant (CCDP) is installed at the coal research and development complex of BHEL at Trichy. 
The net power generation capacity at full load is 6.2 megawatts. The CCDP scheme consists of an air-blown, fixed bed, pressurized 
coal gasifier, an industrial gas turbine firing the low-BTU coal gas, and a waste heat recovery steam generator behind the gas tur-
bine, which supplies a conventional steam turbine/generator. 

The plant was commissioned in March 1988 and has been in test operation since then. 

The test program on this plant is expected to be completed by December 1990. A comprehensive test program is underway for ex-
ploiting the moving bed gasification technology for commercialization. 

Project Cost: Not disclosed
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

BOTFROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT— Ruhrkohle AG, Who Gel AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Technology of 
the Federal Republic of Germany (C-dO) 	 - 

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 rafTinate oil were produced from 20,000 tons coal in more than 2000 operating 
hours. 

By this new mode of operation, the oil yield is increase to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 tIm h. Furthermore high grade refined products are produced instead of crude 
oil. The integrated refining step causes the nitrogen and oxygen content in the total product oil to drop to approximately 100 ppm 
and the sulphur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-I-Iolten 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 165,000 
tons of heavy oil have been processed. A conversion rate over 90% and an oil yield of 85% have been confirmed. 
The project was subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRJCC COAL LIQUEFACTION PROGRAM - Beijing Research Institute of Coal Chemistry - BRICC (C-68) 

In the early 1980s, China renewed study on direct liquefaction with emphasis on converting coal into clean liquid fuel by direct 
hydrogenation. Two continuous process units (CPU) were set up at the Beijing Research Institute of Coal Chemistry. The 0.1 ton 
per day continuous liquefaction unit set up jointly by China and NEDO (New Energy Development Organization) of Japan has 
been operating for more than 1,000 hours. 

A five kilogram per hour CPU using 'New German Technology' was introduced from the Federal Republic of Germany. To study 
various coal liquefaction processes and operation conditions, a 1.8 kilogram per hour slurry continuous liquefaction unit from Xytel 
Company of the United States was also installed. 

A 24 tons per day coal throu2hput aasifier is in construction now, to be nut in coeration in late 1990. A demonstration plant will be 
built in the next five years. 

At present, research is being carried out in the following areas: (1) evaluation of coal liquefaction characteristics; (2) suitability of 
coal for small-sale continuous liquefaction units; (3) selection and evaluation of catalysts, and (4) upgrading of coal liquefaction 
products. Tests have shown that some Chinese lignite and high-sulfur coal are ideal feedstocks for liquefaction. The high sulfur 
bituminous coal from Tengxian and Beisu of Shandong province have very good liquefaction behavior and the oil yield can reach 
50 percent. The liquefaction behavior of lignite from Inner Mongolia and Yunan is also good. A Ni-Mo catalyst, natural iron ore 
powder, ferrous disulfide, red mud from several aluminum factories and some compounds containing iron have been tested succes-
sively. 

Research on indirect liquefaction, i.e., modification of the F-T synthesis process is also beng carried out by the Shanxi Research In-
stitute of Coal Chemistry of the China Academy of Science. Based on laboratory study and tests in a single tube of 50 millimeter 
diameter, a pilot test with an output of 100 kilograms per day of synthetic oil is undergoing tests in a chemical fertilizer plant. 

BRFflSI-1 COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle, Amoco (C-70) 

British Coal has built a 2.5 tons per day pilot plant facility at its Point of An site, near Hotywell in North Wales utilizing its Liquid 
Solvent Extraction Process, a two-stage system for the production of gasoline and diesel from coal. In the process, a hot, coal-
derived solvent is mixed with coal. The solvent extract is filtered to remove ash and carbon residue, followed by hydrogenation to 
produce a syncrude boiling below 300 degrees C as a precursor for transport fuels and chemical feedstocks. Studies have confirmed 
that the process can produce high yields of gasoline and diesel very efficiently work on world-wide coals has shown that it can liq-
uefy economically most coals and lignite and can handle high ash feedstocks.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The coal extract solution is then pressurized, mixed with h ydrogen and heated before bein g fed to the ebullatin g bed hvdrocrackinr 
reactors. 

Project Cost: 20 million British pounds (1989 prim) construction cost plus 18 million British pounds (1989 prices) operating costs. 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-So) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 k slurry per hour, with a coal to oil ratio of 40.60, and employs a H 2 pressure of 
25 MPa, and a temperature of 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage 1 and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35% and 55% 
daf coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cm3) are used extensively in support of the continuous hydroliquefaction unit. Particular emphasis has 
been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (SHDI) has been developed and 
has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroliquefaction. 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 octane 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 
specialised analytical methodology, particularly via NMR spectroscopy, to service the above process studies. 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) adminis-
tered by the Australian Federal Government. 

Project Cost: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-90)

A program is under way on mild gasification of coal to heavy oils, tars and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide (ange of temperature (500 to 750 degrees C), coal particle residence time (10 sec to 
50 mm), heatup rate (50 degrees C/sec to BY degrees C/sec) coal particle size (50 to 300 microns) and additives (slaked lime, 
recycle ash, silica flour, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. Four dif-
ferent types of coal have been tried, Kentucky No. 8 and Pittsburgh No. 8 bituminous coal, a Mississippi lignite and a Wyodak sub-
bituminous. Generally the yields of oils from bituminous coals range between 20-25% (MAP), and about 15% for subbituminous 
coal. 

A process for producing clean carbon black and coproduct hydrogen-rich gas and liquid methanol competitive with current prices 
of oil and gas is being developed. The HYDROCARB process can use any carbonaceous feedstock including coal, char, biomass 
and municipal solid waste. 

Project Cat: $200,000
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CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company, United States De partment of Enem y (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 has been running at 50 Percent capacity during the early stages. 

The PDU will demonstrate the Calderson 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 H, mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combined cycle power generation plant. The PDU is 
specified for an operating pressure of 350 psig as would be required to support combined cycle power production. 

The pilot proiect. desi gned to process 25 tons of coal per day, is expected to operate for six to twelve months while o perating data 
is gathered and any bugs" in the system are worked out. 

The federal government has contributed $12 million toward nroiect costs, with another $13 million comin g from the Ohio Coal 
Development Office. 

Calderon Energy has obtained certification from the Federal Energy Regulatory Commission as a Qualifying Facility for a commer-
cial site in Bowling Green, Ohio. Calderon filed a proposal under the Clean Coal Technology program Round 3 to build a 
cogeneration facility supplying 87 megawatts of electricity and 613 tons of methanol per day. The project did not receive funding 
but Calderon plans to reapply under Round 4. A preliminary design and cost estimate has been prepared by Bechtel. Calderon is 
negotiating with Toledo Edison to sell the electricity which would be produced. 

Project Cat: Total Cost $215 million. PDU $15 million 

CAN DO PROJECT - Continental Energy Associates (C-laO) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazlc 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility has been convened into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the original 
facility and in new gasifiers is being used to fuel turbines to produce electricity. The electricity is 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. 
The new facility is owned by Continental Energy Associates. 

Project Cost: over $100 million 

CI-IARFUEL PROJECt' - Wyoming Coal Refining Systems, Inc. a subsidiary of Carbon Fuels Corp. (C-Ito) 

Wyoming Coal Refining Systems, Inc., formerly Char-Fuels of Wyoming, is attempting to secure financing to build a 1,000 ton per 
day Charfuel project at the Dave Johnston Power Plant near Glenrock, Wyoming. The project could cost up to $110 million. A 
smaller, 150 ton per day reactor would be built for process development studies. The plant would include gas processing, 
hydiotreatens, methanol production and aromatic naphtha recovery. 

The State of Wyoming has promised $163 million in assistance, contingent on WCRS raising a certain amount of private capital. 

The project involves demonstrating a coal refining process. The first step is 'hydrodispmportionation which the company says is 
based on short residence time flash volatilization. Resulting char is mixed back with process-derived liquid hydrocarbons to make a 
stable, high-BTU, pipelineable slurry fuel. This compliance fuel could be burned in coal-fired or modified oil-fired burners. It 
would be tested in the 100 megawatt no.1 boiler at the Dave Johnston plant. Additional Products manufactured during the refining 
process would include ammonia, sulfur, methanol, MIME, BTX, and aromatic naphtha. 
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As of late 1990 WCRS has had trouble securing investors. The round-breakin g for the 150 ton ncr day plant was postponed after 
the United States Department of Energy rejected WCRS' application for $12 million on federal funding, 

Project Cat: $110 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-120) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemical Company, continues to operate its chemicals from 
coal complex at Kingsport, Tennessee at design rates. The Texaco coal gasification process is used to produce the synthesis gas for 
manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are produced as intermediate 
chemicals, and sulfur is recovered and sold. 

The facility has averaged 97% onstream availability for the last three years. 

In January, 1989, Eastman announced that it plans a $150-million expansion of the chemicals-from-coal facility to be completed by 
the end of 1991. 'The project, which could begin as early as mid-1989, will more than double Eastman's output of acetyl chemicals 
from coal and increase its flexibility in sourcing these products and in making their cellulosic derivatives. 

The expansion program will include construction of two new chemicals plants and modification of the coal gasification facilities. 
An acetic anhyrdride plant will be built, with capacity of 600 million pounds per year of anhydride and 180 million pounds of acetic 
acid. A new methyl acetate unit will produce 490 million pounds per year. 

The existing coal gasification facility will be able to handle the new anhydride demand with some debottlenecking, because the coal 
gas unit was built with some spare capacity. 

Project Cost: Unavailable 

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 mac- 
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 0.5 tons per day of coal). The plant was fully 
operational in 1982. In 1984 the pressurized plant capacity was enlarged to 2.5 tons per day of processed coal and at the same time 
air was replaced by oxygen in the atmospheric plant. This unit started processing 17 tons per day of coal. 

In 1986 a unit was built to treat the liquid effluents generated throughout the process and studies on hot gas desulfurization were 
started in bench scale. By the end of 1988 pilot scale studies will be finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1992 and in 1994 the basic project for the demonstration 
unit will be started. The demonstration unit is planned lobe operational in 1998. 

Project Cost:	 US$4.7 million up to the end of 1988. The next stage of development will require US$15 million. 

CIVOGAS ATMOSPHERIC GASIFICATION PILOT PLANT - Fundacao de Cicada e Technolgia - CIENFEC (C-133) 

The CIVOGAS process pilot plant is an atmospheric coal gasification plant with air and steam in a fluidized-bed reactor with a 
capacity of five gigajoules per hour of low-BTU gas. It was designed to process Brazilian coals at temperatures up to 1,000 degrees 
C. 

In the reactor, the coal is fluidized and gasified with steam and air at temperatures up to 1,000 degrees C This pilot gasifier is 
about six meters high and 0.9 meters inner diameter. The bed height is usually 1.6 meters (maximum 2.0 meters). The coal is 
gravity-transferred to the reactor through a pipe whose end is located slightly above the operational bed height. 

The steam-air mixture enters at the bottom through a gas distributor. The steam-air conical distributor consists of stainless steel 
pipes covered by dense castable refractory.
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The bottom ash (char), removed from the reactor through a pipe connected to the orifice located at the center of the distributor, is 
quenched in the char bin. The slurry is next pumped to the clarifier of the wastewater treatment plant. 

The CIVOGAS pilot plant has been successfully operating for approximately 10,000 hours for the past six years and has been work-
ing mainly with subbituminous coals with ash content between 35 to 55 percent weight (moisture-free). 

The best operating conditions to gasify low-rank coals in the fluidized bed have been found to be 1,000 degrees C, with the steam 
making up around 20 percent by weight of the air-steam mixture. 

Two different coals have been processed in the plant. The results obtained with Lao coal are significantly better than those for 
Candiota coal, the differences being mostly due to the relative contents of ash and moisture in the feedstock. Cold gas yields for 
both coals are typically 65 and 50 percent respectively with a carbon conversion rate of 68 and 60 weight percent respectively. 

CIENTEC 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-140) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures PVC and caustic soda from 
anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of ethylene was available 
from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. The five processes in-
clude calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide and water, brine 
electrolysis to make chlorine, hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl 
chloride polymerization to PVC. Of the five plants, the carbide, acetylene, and VCM plants represent the main differences be-
tween coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COGA-1 PROJECT - Coal Gasification, Inc. (C-ISO) 

The COGA-1 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 urea ammonia and 840,000 tons of urea per year. It will use a high-
temperature, high-pressure slagging gasification technology. When completed, the COGA-1 plant would be the largest facility of 
its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James R. Thompson announced a $26 million state and local incentive package for COGA-1 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-160) 

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 Antiouia 
involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese study, this 
plant would be expanded in the early 1990s to produce urea if financing is found. 	 - 

Project Cost: $20 million initial 
$200 million eventual
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COLSTRIP COGENERATION PROJECT - Colstrip Energy Limited Partnership, Bechtel Development Company, Pacific Gas and 
Electric Company, Rosebud Energy Corporation (C-165) 

In 1985, Montana One Partners (MOP), was formed to develop, construct, manage and maintain an LFC-Cogeneration plant in 
Colstrip, Rosebud County, Montana. SO!, the developer of the LFC (Liquids From Coal) process, is the sole general partner and 
one of two original limited partners of MOP. 

In 1987, this 35 megawatt project was separated into two independent units, the 35 megawatt power unit (Colstrip Project) and the 
LFC Process unit. Separation of the project into two independent units required a new license from the Federal Energy 
Regulatory Commission, which was granted in October, 1987. 

In April, 1988, MOP entered into an engineering procurement and construction contract with Bechtel Construction, Inc. for the 
Colstrip Project (i.e., the power unit). The project ocnstruction started in the third quarter of 1988, with completion scheduled for 
the second half of 1990. 

In August, 1988, MOP sold all of its interest in the Colstrip Project to four individuals. These four individuals are the shareholders 
of Rosebud Energy Corporation, a Montana corporation. 

In July, 1988 construction and long-term financing was obtained for the Colstrip Project. The investment banking firm of Laden-
burg, Thalmann & Company, Inc. structured and arranged this project financing. The project lenders, Bank of New England, NA. 
and Trust Company of the West are providing up to $79,734,000 of construction financing and up to $56,984, of long-term 
financing for the Colstrip Project. Equity funding of $22,750,000 is being provided by an affiliate of Bechtel Development Com-
pany, a California public utility, which are the limited partners of Colstrip Energy Limited Partnership (CELP). CELP has become 
the new owner of the Colstrip Project. The general partner of CELP is Rosebud. 

COOL WATER COAL/MSW GASIFICATION PROGRAM - Texaco Syngas Inc. (C-170) 

Original Cool Water participants built a 1,000-1,200 tons per day commercial-scale coal gasification plant using the oxygen-blown 
Texaco Coal Gasification Process. The gasification system which includes two Syngas Cooler vessels, was integrated with a General 
Electric combined cycle unit to produce approximately 122 megawatts of gross power. The California Energy Commission ap-
proved the state environmental permit in December 1979 and construction began in December 1981. Plant construction which took 
only 23 years, was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A 
five-year demonstration period was completed in January 1989. 
Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed an agreement to participate in 
the Project in February 1980 and their contribution is $69 million. Bechtel Power Corporation was selected as the prime engineer-
ing and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 million to 
the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 million to the 
Project, GE supplied the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo Electric Power Company, 
Central Research Institute of the Electric Power Industry, Toshiba CGP Corporation and 1111 Coal Gasification Project Corp. 
signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alternate 
Energy Development Company are non-equity contributors to the project, having signed contributor agreements on January 20, 
1982, and April 10, 1984, respectively committing S5 million each to the Project. A $24 million project loan with a $6 million in-kind 
contribution by SCE of facilities at SCE's existing generating station in Daggett, California completes the $263 million funding. 

A supply agreement was executed with Airco, Inc. on February 24, 1981 for Airco to provide 'over-the-fence' oxygen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SIt's first solicitation for proposals. This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the SFC because it did not pass the 'credit elsewhere' test (the Sit 
believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price sup-
port under the SFC's second solicitation which ended June 1, 1982. On September 17, 1982, the SFC announced that the project 
had passed the six-point project strength test and had been advanced into Phase II negotiations for financial assistance. On April 
13, 1983 the sponsors received a letter of intent from the SFC to provide a maximum of $120 million in price supports for the 
project. On July 28, 1983 the Board of Directors of the SFC voted to approve the final contract awarding the price guarantees to 
the project. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was successfully commis-
sioned in April 1985. 

A Utah bituminous coal was utilized as 'the Program' coal was burned at all times that the facility was not burning an alternate test 
coal. The Program could test up to  different coal feedstocks on behalf of its Participant companies. 
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A 32,000 ton Illinois No. 6 coal (nominal 3.1 percent weight sulfur) test, a 21,000 ton Pittsburgh No. 8 coal (nominal 2.9 percent 
weight sulfur) test, and a 20,000 ton Australian Lemington high-ash-fusion-temperature coal (nominal 03 percent weight sulfur) 
test have been completed. Energy conversion rates and environmental characteristics while running the alternate coals are essen-
tially the same as those observed while burning the low sulfur Utah bituminous. 

The gasifier was started up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance test was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

At the completion of the demonstration program in January 1989 the gasifier had been on-line for more than 27,116 hours, and 
gasified over 1,132,000 tons of coal (dry basis). Approximately 28 billion gross kWh of electricity was produced. 

In September, 1989 Texaco Inc. announced that Texaco Syngas Inc., its wholly owned subsidiary, had been awarded the rights to 
negotiate with Southern California Edison (SCE) for the purchase and operation of the Cool Water plant. 

Upon acquiring the plant, Texaco intends to utilize a new application of Texaco's technology which will permit Cool Water to con-
vert sewage sludge to useful energy by mixing it with the coal feedstock. Sewage sludge has been disposed of for many years in 
landfills and by ocean dumping, methods that are now becoming unacceptable for either overcapacity or environmental reasons. 
Texaco has demonstrated in pilot studies that sludge can be mixed with coal and, under high temperatures and pressures, gasified 
to produce a clean synthesis gas. Texaco officials emphasize that its gasification process results in no harmful by-products. 

Acquisition of the plant is conditioned upon finalizing the terms of the purchase agreement and the completion of negotiations with 
SCE for the sale of electricity to be produced at Cool Water. In addition, negotiations will be required with municipalities and 
other governmental entities that produce and handle sewage sludge. 

Upon conclusion of the necessary negotiations, Texaco will invest additional capital in the Cool Water plant for modifications 
aimed at reopening the facility in early 1992. 

Project Cost: $263 million 

CRE SPOUTED BED GASIFIER - Coal Research Establishment, Otto-Simon Carves (C-190) 

A spouted fluidized bed process for making low-BTU fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CRE). A pilot plant has been built with a coal throughput of 12 tonnes per day. 

This project has been sponsored by the European Economic Community (EEC) under two separate demonstration grants. Results 
to date have established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 

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 have been processed successfully. 

Plant construction was completed in April 1985 and cold commissioning of all aspects of the plant was successfully achieved by June 
1985. As part of the contract with the EEC several extended trials were completed between April 1986 and March 1987 using char 
as bed material. Between April 1987 and November 1989, a further contract with the EEC investigated the use of inert bed 
materials and oxygen enrichment of the fluidizing air. This work enabled coal conversion efficfncies on the order of 90 percent 
(mass basis) to be attained, and allowed gases to be produced with caloric values up to 73 Mum (dry, gross). 

Work on the 12 tonne per day pilot plant was directed towards providing design information for gasifiers operated at atmospheric 
pressure for industrial fuel gas applications. The aim was to develop a range of commercial gasifiers with a coal throughput typi-
cally of 24 to 100 tonnes per day. To this end a license agreement was signed by OSC Process Engineering Ltd. (OSC) to exploit 
the technology for industrial application. Designs of commercial gasifiers are available and OSC together with British Coal are ac-
tively promoting the use of the technology in the United Kingdom process industries. 

Although OSC has yet to build the first 
commercial unit, they say considerable interest has been shown from a large number of 

potential clients worldwide. 

The application of the process for power generation is also being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 45 percent are predicted. A contract with the 
EEC to develop a pressurized version was initiated in January 1989. The proposal is to link the gasifier to a char combustor to 
form what is known at the British Coal topping cycle.
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CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (C-200) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on 
gasification, hot gas cleanup, gas turbines, and their integration into an 10CC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow gasifier (2.4 tons per day pis development unit) adopting a dry coal feed 
system has been developed and successfully operated. This gasifier has been determined to be employed as the prototype of the 
national 200 tons per day pilot plant. The hot gas cleanup system process development unit (PDU) which employs a porous filter 
for dust removal and an iron oxide honeycomb fixed bed for desulfurization was constructed and has been successfully operated. 

Research and development on a 200 tons per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively from 1986 and will be completed in 1993. 

CRIEFI 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 (day/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, airtilown 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. 

CRIEPI constructed, in 1983, a coal gasification process development unit with a capacity of 2.4 tons per day coal using air-blown 
pressurized two-stage entrained-flow method, and since then has been promoting research and development jointly with Mitsubishi 
Heavy Industries, Lid. 

As of late 1989, the gasifier had been operated for 1,652 hours, and tested on 17 different coals 

For the project to build a 200 tons per day entrained-flow coal gasification combined cycle pilot plant, the electric utilities have or-
ganized the 'Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (ICC)" with 10 
major electric power companies and CRIEPI to carry out this project supported by 

MITI 
and NEDO. 

Basic design and engineering of the pilot plant was started in 1986, and manufacturing and construction started in 1988 at the 
Nakoso Coal Gasification Power Generation Pilot Plant site. Tests will be beginning in 1991 for the air-blown pressurized 
entrained-flow gasifier connected with the hot gas cleanup system and a high temperature gas turbine of 1,300 degrees C combustor 
outlet temperature. 

Project Cost: 53 billion yen 

DANISH GASIFICATION COMBINED CYCLE PROJECT - Elkzaft (C-205) 

The Danish Utility, Elkraft, in response to government directives to lower pollution by using more natural gas, says that it will in-
crease the use of natural gas to generate electricity. However, the utility says that it also plans for two power plants based on in-
tegrated coal gasification combined cycle (10CC). The first will be a 50-megawatt demonstration unit at Masnedoe, at the site of 
an existing power plant that will be retired. 

The Danish energy minister expects 10 decide during 1989 whether to approve this scheme. 

If the Masnedoe demonstration is successful, Elkraft intends to move on to construct a full-scale 300-megawatt 10CC unit at 
Stitsnaes, for service in 1997. 

As yet, Elkraft has given no indication which 10CC design it favors for the Masnedoe demonstration. 

Potential bidders could include Shell, Dow, Texaco and Krupp-Koppers. 

DELAWARE CLEAN ENERGY PROJECT - Texaco, 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 preliminary engineering and environmental studies for an integrated gasification combined cycle 
(10CC) electrical generating facility. The project calls for the expansion of an existing power plant adjacent to the Star Enterprise 
refinery in Delaware City, Delaware. The facility would convert 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 
generating equipment. 

Completion is planned for mid-1994 at an estimated cost of $250-300 million (1989 dollars). 
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The gasification process would inject a stony composed of 60 percent coke and 40 percent water, and simultaneously inject oxygen 
into a refractory vessel (furnace). The vessel is operated at 2,5(X) degrees F and under 400 pounds of pressure. 

The project has the potential to reduce substantially overall emissions at the Delaware City facilities, nearly double the current 
electric output and make use of the coke byproduct of the oil refinery. The Phase I studies will require approximately one year to 
complete (in 1991) at an estimated cost of $6 million. 

The existing power plant would be upgraded and expanded and would continue to operate as a cogeneration facility. 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of Destec Energy, Inc. (C-210) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 103 percent of capacity. As of July 
1990 the project has completed 14,020 hours on coal. It has produced 14,409 billion BTU of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for 13,487 hours. In 1990 the Pro ject reached the one million tons of coal processed 
mark. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion BTU per per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium BTU synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-i acid gas removal system and Selectox sulfur conversion unit are also used at the Plaquemine, Louisiana, plant. 
Oxygen is supplied by Air Products. 

Construction of the plant was completed in first quarter, 1987 by Dow Engineering Company. The project is owned and operated 
by Louisiana Gasification Technology Incorporated, a wholly owned subsidiary of Houston-based Destec Energy, Inc., a subsidiary 
of The Dow Chemical Company. 

In this application the Dow Gasification Process and the associated process units have been optimized for the production of syn-
thetic gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels 
Corporation (now the Treasury Department) which is subject to the amount of gas produced by the project. The amount of the 
price guarantee is based on the market price of the natural gas and the production of the project. Maximum amount of the 
guarantee is $620 million. 

Project Cost: $72.8 million 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-220) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con-
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. Planning for the project is in an advanced posi-
tion. $20 million has been spent, and 12 years have been invested in site and feasibility studies. After thorough public and 
regulatory review by the state of North Dakota, air quality and conditional water use permits have been approved. The Bureau of 
Reclamation released the final Environmental Statement on February 26, 1988. The Federal Water Service Contract is expected to 
be approved in 1990. Operation of Phase I of the project is scheduled to begin in 1996. 

In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel proven oil reserve. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. The impacts which will occur from 
the construction and operation of this project will be mitigated in accordance with sound operating procedures and legal and 
regulatory requirements. At full capacity, the plant will use the coal under approximately 390 acres of land (about 14.7 million 
tons) each year. Under North Dakota law, this land is required to be reclaimed and returned to equal or better productivity follow-
ing mining. Nokota will be working closely with local community leaders, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,40) 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 
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Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's output access to 
eastern markets for the project's output. Access to western markets for methanol through a new dedicated pipeline to Bellingham, 
Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment will be about 1,600 personnel at the plant and 500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) beginning 
in 1992 and mechanical construction beginning in 1993 on a facility producing at one-half the full capacity. Commercial operation 
of this phase of the project is scheduled for 1996. Construction of the remainder of the facility is scheduled to begin in 1995 and to 
be in commercial operation in 1998. This schedule is subject to receipt of all permits, approvals, and certifications required from 
federal, slate, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cat:	 $2.2 billion (Phase Land II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$03 billion (mine) 

ENCOAL LFC DEMONSTRATION PLANT - ENCOAL Corporation, United States Department of Energy (C-Ui) 

ENCOAL Corporation, a wholly owned subsidiary of Shell Mining Company of Houston, Texas, has received funding from the 
Department of Energy's Clean Coal Technology Round 3 Program for a 1,000 ton per day mild gasification plant at Shell's Bucks-
kin Mine in Northeastern Wyoming. The sovernment will fund 50 percent of the $72.6 million total cost. The demonstration plant 
will utilize the LFC technology developed by SQl International. 

The demonstration plant will be put in service by the first quarter of 1992. The plant will be designed and operated as a small com- 
mercial facility and is expected to produce sufficient quantities of process derived fuel and coal derived liquids to conduct full scale 
test burns of the products in industrial and utility boilers. Feed coal for the plant will be purchased from the Buckskin Mine which 
is owned and operated by Triton Coal Company (a wholly owned subsidiary of Shell Mining Company). Other United States coals 
may be shipped to the demonstration plant from time to time for test processing, since the process appears to work well on lignites 
and some Eastern bituminous coals. 

A Permit to Construct has been received from the Wyoming Department of Environmental Quality, Air Quality Division for the 
demonstration plant. It was approved on the basis of the use of best available technology for the control of SO , NO CO, 
hydrocarbons and particulates. There will be no waste water and source water requirements will be very small. klroun 

x 
d was 

broken at the Buckskin mine site for the commercial process demonstration unit in late 1990. 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. 

ENCOAL will contract for engineering, procurement and construction services from the M.W. Kellogg Company. 501 Interna-
tional will furnish technical services. 

Estimated Project Cost: 	 $72.6 million 

ESCRICK CYCLONE GASIFIER TEST - Oaklands limited (C-rn) 

A one megawatt cyclone gasifier system has been evaluated on a clay pipe kiln at Oaklands Ltd., Escrick, Yorkshire, United 
Kingdom. The clay pipe kiln at this works is heated using butane gas and on occasions when such high quality fuel has become ex-
pensive, the company has considered a number of different systems in order to achieve at least some element of coal firing. Earlier 
systems fired pulverized coal directly into the kiln through pulverized fuel burners. Carbon burnout was poor and unburned car-
bon and ash built up to such an extent in the bottom of the kiln that the car carrying the clay pipes could no longer be pushed 
through. The maximum continuous period of operation using this system was about seven days, when normally the kiln is operated 
continuously for many months. 

A low cost gasifier system was needed to produce a clean low-BTU gas which could be used to fuel burners firing through the roof 
of the kiln. Ash/particulate retention was a very high priority while carbon burnout was not too crucial. The cyclone gasifier sys-
tem was well suited for this task in that the technology enabled much of the particulate matter to be retained inside the combustion 
chamber.
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A cyclone combustor with a maximum rating of 13 megawatts with two vortex collector pockets in order to improve ash retention 
was chosen. The unit was situated alongside the kiln. A crushed coal with an ash fusion temperature of just below 1,400 degrees C 
was choosen to ensure that no deposition or slagging occurred in the unit. Operation was Fuel rich at a mixture ratio of 0.7 of 
stoichiometric for primary air. 

The kiln on which these trials were conducted had four firing zones. Exhaust gases from the kiln were fed to a drier with extra heat 
being added to these gases by an auxiliary burner. Each firing zone required 900 kilowatts of heat, distributed through nine top 
fired burners. The cyclone gasifier system was designed to operate all nine such burners in a zone. To control the flowrate of gases 
From the cyclone gasifier to the kiln burners a fluidic, non-moving-pan valve was used to regulate the gas flowiate and either divert 
the gas to the kiln bunters or allow it to pass to a swirl burner/furnace system For incineration. 

The gases from the cyclone gasifier were burnt in the kiln using simple co-axial burners with an air sheath surrounding the fuel gas. 
At the end of the trials there was no evidence of slag formation in the collected solids or in the cyclone combustor, while only 
sparse quantities of dust/grits were observed on the cured clay pipes the following day. Typically more than 80 percent of the gen-
erated ash and unburnt material were retained by the two VCP's and the central collector. Overall combustion efficiency of the 
cyclone combustor was about 80 percent. 

FREETOWN 10CC PROJECT - Texaco Syngas Inc., Commonwealth Energy and General Electric Company (C-nJ) 

The three companies have begun preliminary planning for a joint development of an electrical generating facility, using an in-
tegrated gasification combined cycle (10CC) design, in Freetown, Massachusettes. The facility would be known as the Freetown 
Energy Park. 

The energy park will be located on a 600 acre site along the Taunton River owned by a subsidiary of Commonwealth Energy. 

Texaco Syngas will design the plant to use the Texaco Coal Gasification process and General Electric's high efficiency, gas turbines. 
The initial phase will produce 440 megawatts of power to be sold to New England utilities. 

The plant will be one of the world's cleanest coal based power plants with emissions levels of particulates, SO and NO sig-
nificantly less than conventional coal plants and below state and federal emissions standards. 	

X 

The gasification process involves the injection of a coal-water slurry with oxygen into a pressurized vessel where partial oxidation of 
the coal occurs and synthesis gas is produced. The gas leaves the vessel through a water bath where ash and particulates are 
removed as slag. The cleaned gas is then directed to a sulfur removal system, which removes 98 percent of the sulfur prior to its 
use within the gas turbine. 

Using the syngas, the gas turbine produces electricity while exhausting high temperature exhaust gas to heat recovery steam genera-
tors. The heat recovery steam generators produce steam for use in a steam turbine which in turn produces additional electricity. 
This combination of equipment is able to produce electricity in a highly efficient manner. 

Project startup is scheduled for June 1995. 

FRONTIER ENERGY COPROCESSING PROJECT - Canadian Energy Developments, Kilborn International (C-225) 

Under the United States Department of Eners Clean Coal Technology Round 3 Program, the Frontier Energy project is the 
commercial demonstration of a itate-of-the-art technology for the simultaneous conversion of high sulfur coal and heavy oil 
(bitumen) to low sulfur, lean burning, liquid hydrocarbon fuels plus the cogeneration of electricity for export. Two main liquid 
hydrocarbon products are produced, a naphtha fraction which can be used as a high value petrochemical feedstock or can be 
processed further into high octane motor fuel and low sulfur fuel oil that can be used to replace high sulfur coal in thermal power 
plants. Cogenerated electricity, surplus to the requirements of the demonstration plant, is exported to the utility electrical system. 

Frontier Energy is a venture involving Canadian Energy Developments of Edmonton, Alberta, Canada and Kitborn International 
Ltd. of Tucson, Arizona. 

The technology being demonstrated is the CCLC Coprocessing technology in which a slurry of coal and heavy oil are simul-
taneously hydrogenated at moderate severity conditions (temperature, pressure, residence time) to yield a low boiling range (C5— 
975 F) distillate product. 

The CCLC Coprocessing technology is being developed by Canadian Energy Developments Inc. in association with the Alberta Of-
fice of Coal Research and Technology (AOCRD and Gesellschaft fur Kohleverflussigung mbll (GIK) of Saarbrucken, West Ger-
many.
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The technology is in an advanced stage of development. Two integrated and computerized process development units (PDU5), 18-
22 pounds per hour feed ate, are currently being operated to confirm the technology in long duration runs, to generate operating 
data for the design of larger scale facilities and to produce sufficient quantities of clean distillate product for secondary hydrotreat-
ing studies and market assessment studies. 

Canadian Energy and GIK are planning to modify an existing 10 ton/day coal hydrogenation pilot plant to the CCLC Coprocessing 
configuration and to use it to confirm the coprocessing technology in large pilot scale facilities while feeding North American coals 
and heavy oils. Data from this large pilot scale facility will form the basis of the design specification for the Frontier Energy 
Demonstration Project. 

The demonstration project will process 1,128 tons per day of Ohio No. 6 coal and 20,0 barrels per day of Alberta heavy oil. 

(IFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
GfK Gesellschaft fur Kohleverfiussigung MbH (C-230) 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Co-processing) and coals with low ash contents, Gfk favorizes a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been found that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

On the 31st of December 1989, GFK has terminated the operation of its pilot and bench-scale facilities. The further development, 
particularly the demonstration of the counter-flow-reactor on the pilot scale, is now pursued within a cooperation with East 
Germany's company Chemieantagenbau Leipzig-Grimm where an existing hydrogenation pilot-plant is presently being modified to 
the new concept. Operation will begin by mid-1991. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - Dakota Gasification Company (C-240) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate the 
facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans called 
for a 250 million cubic feet per day plant to be constructed by late 1981. However, problems in financing the plant delayed the 
project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasification 
Associates was formed by affiliates of American Natural Resources, Peoples 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 SNG sold on an unregulated basis. 
In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly according to 
increases in the Producer Price Index and the price of No. 2 Fuel Oil, with limits placed on the formula by the price of other com-
peting fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a sub-
sidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 75 percent from ANR's interest and 
23 percent from Transco. 

Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion conditional 
commitment to guarantee loans for the project. This commitment was sufficient to cover the debt portion of the gasification plant, 
Great Plains' share of the coal mine associated with the plant, an SNG pipeline to connect the plant to the interstate natural gas 
system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The project spon-
sors were generally committed to providing one dollar of funding for each three dollars received under the loan guarantee up to a 
maximum of $740 million of equity funds. 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high 
BTUpipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of 
carton dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar oil, phenols, and naphtha 
to be used as fuels. Approximately 16,ODD tons per day of North Dakota lignite is required as feedstock. 

In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The gas is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline running into the eastern United States,
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In parallel with the above events, DOE/DOS filed suit in the United States District Court in the District of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14, 1986 the North Dakota Court round that state law was not applicable and that plaintiffs (DOE/DOJ) were entitled to a sum-
maiyjudgement for foreclosure. A foreclosure sale was held on June 30,1986, and DOE obtained legal title to the plant and its as-
seats by a Marshall's deed dated july 16, 1986. This decision was upheld by the United States Court of Appeals for the Eighth Cir-
cuit on January 14, 1987. On November 3, 1987, the Supreme Court denied a petition for a writ of certiorari. 

The North Dakota District Court also held that the defendant pipeline companies were liable to the plantiffs (DOE/DOS) 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, 1983 it was 
announced the Basin Electric Power Cooperative submitted the winning bid for approximately $85 million up-front plus future 
profit-sharing with the government. Two new Basin subsidiaries, Dakota Gasification Company and Dakota Coal Company, 
operate the plant and manage the mine respectively. Ownership of the plant was transferred on October 31, 1988. 

For thç first 15 months of operation under Dakota Gasification ownership, the plant produced gas at over 108 percent of design 
capacity. 

Process design engineering funds for a na phtha hwirotreater also were approved. Currentl y naphtha is burned as boiler fuel at the 
plant. By removing sulfur, nitroten and oxygen in a hydrotreating unit, the stream has greater value as a petrochemical feedstock. 

Investment in the two oroiects would be about $19.6 million. Pa yback on the investment is exnected in three to five years. 

Project Cost: $2.1 billion 

(ISP PILOT PLANT PROJECT - German Democratic Republic (C-250) 

Since 1983 a 30 tonne per day gasification complex has been in operation at Gaskombinat Schwarze Pumpe (GSP) in East Ger-
many. It produces more than 50,000 cubic meters raw gas per hour. Practical results and experience gained during operation of 
this system are planned to be applied to the construction of a large-scale gas works, five to 10 times larger, with an annual output of 
two to four billion cubic meters raw, gas. 

The environmental compatibility of the GSP coal gasification process is said to meet the highest requirements even if coal that is 
rich in ash and sulfur and contains salt is used. The GSP process involves the gasification of pulverized coal under pressure, using 
the brown coal of the German Democratic Republic. Its mode of operation, however, is widely independent from the fuel, so that 
brown coal, hard coal, coke, high-ash coal, and so-called salt coal as well as waste products can be processed. 

Project Cost:	 Not disclosed 

HANOVER ENERGY DOSWELL PROJECT - Hanover Energy Associates (C-255) 

Hanover Energy Associates is planning a 700 megawatt cofired cogeneration plant to sell electricity to Virginia Power. The plant, 
to be located near Doswell, Virginia, will include 24 to 28 Wellman-Galusha gasifiers. The gas turbines will burn five-sixths natural 
gas and one-sixth low-STU coal gas from the gasifiers.
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The coal source will be coal wastes located in Western Virginia. 

Cohstruction is scheduled to begin on July 1 and will take two scan, according to documents filed with the Federal Energy 
Regulatory Commission. 

Other equipment includes four Westinghouse 501 D5 gas turbine generators, tour waste hat recovery boilers and two steam tur-
bine generators. Steam will be sold to National Energetics Company for manufacturing carbon dioxide and possibly to a nearby 
paper company. 

Hanover Energy Associates, a limited partnership, was one of about 30 companies that responded to Virginia Power's solicitation 
in December 1996 for some 1,100 megawatts of electricity. Hanover has a similar plant planned in northeastern Pennsylvania, with 
a capacity of about 100 megawatts. 

HOT GAS CLEANUP PROCESS - Southern Com pany Services. Inc. and United States Department of Energy (C-257) 

Southern Com pany Services. Inc. of BirmiSiam, Alabama in 1990 be gan 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. 

The new lest facility at Wilsonville will move the hot cleanup techniques from laboratory research to integrated engineering tests. 
Actual gases from coal gasification or combustion will be used. 

Researchers will be able to evaluate the performance of the cleanu p devices while varying gas temperatures, gas pressures, particu-
late levels, particulate sizes and types of coal. 

DOE is providing $36.8 million, of 80 percent of the contract's total cost. Southern Company Services, with support from the 
M. W. Kclloim Com pany 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. 

Proiect Cost: $46 million 

IIUENXE COT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (COT) OmbH (C-260) 

COT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The COT coal gasification concept consists of the combination of two principal processes of coal gasification 
in a specially developed reactor. The characteristic feature of the COT Process is the integrated fluidized bed and dust gasification 
stages. The coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the gasification media 
(steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,000 degrees C hot product gas and are 
separated in a downstream cyclone as coke dust. The hot coke dust is cooled and stored in bunkers. The coke dust is then fed to 
the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled combustion chamber. The 
product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor flows down into the 
fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow gasification under pres-
sure leads to a higher specific throughput capacity with simultaneously higher efficiency. The production of tar-free product gas at 
the relatively low temperature of the reactor leads to various simplifications in gas purification. 

The overall program for the development of the COT process consists of three stages. Step 1: (1978-1981)—Planning, construction, 
and management of checkout tests of key components of the technical process. Step 2: (1981-1986)—Planning, construction and 
operation of a 4 tons per hour operating system. Step 3—Demonstration of the process at commercial scale. For the component 
test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage were 
erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage COT gasification process. The process 
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design was agreed to in September 1982 and construction or the facility was completed on schedule in mid-1983. The component 
test facility and the 4 tons per hour pilot plant were erected at the site of the BP Ruhr refinery at Hoene. The test work comprises 
a conceptual test program to the end of 1986. After bringing the facility on line and operating the combined fluidized bed with 
entrained now gasification, the complete working of the test facility with a reference coal will be carried out over the entire operat-
ing range. In the following test phases the suitability of different feed coals will be checked out. In connection with the systematic 
test program, gasification tests with client coals for specific applications are planned. 

Project Cat: Not disclosed 

I IYCOL HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) 
(C-270) 

In Japan, the New Energy Development Organization (NEDO) has promoted coal gasification technologies based on the fluidized 
bed. These include the HYBRID process for high-BTU gas making and the low-BTU gas making process for integrated combined 
cycle power generation. NEDO has also started to develop coal gasification technology based on a multi-purpose coal gasifier for 
medium-BTU gas. 

The multi-purpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. Construction of the allot plant in Sodemura. Chiba was com pleted in Auzust. 1990. Operational research is scheduled 
to begin in 1991 after a trial run. 

The key technology of this gasification process is a two-step spiral flow system. In this sytem, coal travels along with the spiral flow 
from the upper part towards the bottom because the four burner nozzles of each stage are equipped in a tangential direction to 
each other and generate a downword spiral flow. As a result of this spriral flow, coal can stay for a longer period of time in the 
chamber and be more completely gasified. 

In order to obtain a higher gasification efficiency, it is necessary to optimize the oxygen/coal ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the lower stage  burners generate high temperature gas High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows: 

- Coal feed 50 ton per day 
- Pressure 3.0MPa 
- Temperature 1,500 to 1,200 degrees C 
- 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 researches are also being conducted by 
several private companies to support research and development at the pilot plant. The nine member companies are: 

Idemitsu Kosan Co., Ltd. 
Osaka Gas Co., Ltd. 
Electric Power Development Company 
Tokyo Gas Co., Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, Ltd. 
Hitachi, Ltd. 
Mitsui SRC Development Co., Ltd.
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IMIIEX 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, MC Power Corporation is going ahead with a demonstration project to repower existing coal-fired power plants with 
coal gas-fueled IMHEX molten carbonate fuel cells (MCFC). The proposed coal gasification/MCFC system can be used to fully or 
partially =power existing power plants regardless of the fossil fuel for which they were initially designed. This repowering should 
result in more economic plants, with greater capacity and reduced emissions of 802 and NO.. 

The IMHEX configuration is a novel advanced molten carbonate Fuel cell designed to eliminate many of the pumping problems ex-
perienced by previous molten carbonate fuel cell concepts. 

The demonstration facility will be located at lGVs Energy Development Center in Chicago, Illinois. The demonstration will use 
IGT;s existing U-GAS coal gasifier and will produce 500 kilowatts of electricity. 

The demonstration project will begin April 1, 1991 and will be completed September 30, 1994. Total estimated cost of the project is 
$22,700,000. 

ISCOR MELTER-GASIFIER PROCESS - ISCOR, Voest-Alpine lndustrieanlagenbau (C-275) 

An alternative steel process that does not use coke has been commercialized at ISCOR's Pretoria works (South Africa). Designed 
and built by Voest-Alpine lndustrieanlagenbau GmbH (Linz, Austria), the plant converts iron ore and coal directly into 300, 
tons per year of pig iron in a melter-gasifier, referred to as the COREX process. Startu p of the plant was in November 1989. Con-
ventional techniques require use of a coke oven to make coke, which is then reacted with iron ore in a blast furnace. 

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 fur-
nace at 850-900 degrees C and contacted with reducing gas (65-70 percent CO and 20-25 percent 142) from the melter.gasilicr. This 
step reduces the on to 95 percent metal sponge iron. The metallization degree of the sponge iron where it comes into contact with 
the 850-900 degree C hot reducing gas produced in the reduction furnace, is 95% on avenge. 

The sponge iron proceeds to final reduction and melting in the melter-gasifier, where temperatures range from 1,100 degrees C 
near the top of the unit to 1,500-1,700 degrees C at the oxygen inlets near the bottom. Molten metal and slag are tapped from the 
bottom. As a byproduct o5the 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 are $150 per 
ton. 

Voest-Alpine has also recently patented several schemes involving a fluidized bed meltdown-gasifier (United States Patents 
4,725,308, 4,728,360, 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. The $800 million project is 
scheduled to come on line in 1994. 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS -. Union of Soviet Socialist Republics (C-280) 

The Soviet Union is building a large coat-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (ICATEK). 
The project consists of a very large open pit mine (the Berezovslciy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being convened into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an ST-75 installation is being built at KATEK to test a catalytic hydrogenation process. Construction of 
the unit began in 1982. Start up of the unit was originally planned for 1984, however, the plant has still not been completed. 
Preliminary tests indicate that five tons of Kansk-Achinsk brown coal can produce one ton of liquid products at a cost that is 25 to 
30 percent less than products that are refined from crude oil from remote Siberian regions. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Additionally, a second unit referred to as the ETKh-175 is being built at a power station in Krasnoyarsk to test rapid pyrolysis of 
brown coal from the Borodinskoye deposit and is said to be nearing completion. The test unit will have a capacity of 175 tons of 
coal per hour. The plant is designed to crush the Kansk-Achinsk run of mine coal with 40 percent moisture in hammer mills and 
simultaneously thy the resulting coal dust with the flue gas from a special-type self-contained furnace. In the thermal reaction 
(pyrolysis) chamber, the dried coal dust heats up quickly to 550-700 degrees C as it mixes with a solid transfer agent (pulverized 
coke) circulating in the system and preheated to 850-950 degrees C in a process furnace. As the two mix during pyrolysis, the coal 
forms coke breeze and a mixture of combustible gas, resinous and pyrogenous water vapors. Upon dedusting in cyclone separators, 
the mixture is subjected to fast cooling whereupon it is fed to the gas cleaning and condensation plant. 

The excess coke breeze formed during pyrolysis is cooled down to 75-80 degrees C and is used as a commercial product. 

The ETKh-175 energy efficiency is said to be about 85 percent, with account for the energy losses and auxiliary power. The plant 
will be supplemented with facilities for obtaining liquid tar resins, motor fuel and coal tar, various chemical products and for 
making coke breeze briquettes from a mixture of brown coal and coal tar. 

A third experimental coal liquefaction unit, ST-5, is under construction at the Belkovskaya mine of the Novomciskovsk Coal As-
sociation. The unit is intended to demonstrate a relatively low pressure hydrogenation process that reportedly operates at ap-
proximately 1,500 psig and 400 degrees C A catalyst is used in the process to enhance the hydrogenation of coal into high octane 
gasoline. The liquid and solid are separated, and the solids are combusted to recover the catalyst. Startup of ST-S was to occur in 
1984. 

Project Cat: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-290) 

Energy Brothers, licensee of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel process, 
low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at a pres-
sure of 800 psi. The process produces a pelletized, low-moisture, low-sulfur coal with a BTU value of 12,000, and by-product water 
and fuel gas. K-Fuel pellets contain 60 percent morn energy (approximately 27 million BTU per ton) and 40 percent less sulfur 
than the raw coal. The fuel gas from the process is utilized on site to provide the needed heat for the process. The proposed 
facility will utilize 4 modules each capable of producing 350,000 tons per year of K-Fuel. The K-Fuel c _w tested at Wisconsin 
Power and Light's Rock River generating station near Beloit in south-central Wisconsin. The test was successful and Wisconsin 
Power has aereed to buy up to one million tons per year. 

Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

ility. EA-K Energy, Inc., which is jointly owned by Energy America Incorporated of San Diego and 
will build and operate the facility. 

A new company, Smith Powerfuels, a partnership of K-Fuel Partnership and Energy America, has been established to develop an 
international market for K-Fuel. 

Project Cat: $62 Million 

KRW ENERGY SYSTEMS INC ADVANCED COAL GASIFICA'flON SYSTEM FOR ELECTRIC POWER GENERA-
TION - The M.W. Kellogg Co., United States Department of Energy, and Westinghouse Electric (C-310) 

In April 1984 Westinghouse sold its coal gasification technology to Kellogg Rust and the new organization was named KRW Energy 
Systems Inc., owned 20% by Westinghouse and 80% by the M.W. Kellogg Company. The major activities of KRW Energy Systems 
has been to complete development of a fluidized bed coal gasification technology and to develop a commercial demonstration 
project. 

The major development facility for KRW is a coal gasification pilot plant located at the Waltz Mill site near Pittsburgh, Pennsyl-
vania. This facility started operation in 1975 and accumulated morn than 12,000 hours of hot operation utilizing a broad range of 
coals. These coals include high caking Eastern bituminous, Western bituminous, and lignites with high and low ash contents and 
high and low moisture contents. A number of German brown coals have also been successfully gasified. The pilot plant program 
was completed in September 1988, and the facility has been decommissioned.
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The pilot plant utilized a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees P and pressures between 130 psig and 230 psig, with air feed 
to produce Iow-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranged between 20 and 25 tons 
per day, depending on coal type. 

The DOE hot gas cleanup program that was initiated in late 1984 was also completed in fiscall year 1988. The results From this 
development program have provided significant cost and efficiency improvements for the KRW gasification technology as applied 
to gasification combined cycle electric power generation. Operations at the Waltz Mill pilot plant with an air blown gasifier using a 
high sulfur (2-43%) and highly caking Eastern bituminous coal, have achieved the following significant demonstrations: 

- A simplified process to deliver a hot and clean low BTU fuel gas to a combustion turbine. 
- Gasifier in-bed desulfurization to meet NM'S requirements by removing over 90% of feed sulfur utilizing limestone or 

dolomite sorbents. 
- Utilization of a regenerable zinc ferrite sorbent in a sulfur polishing mode to reduce fuel gas sulfur levels to less than 20 

ppm. 
- Demonstrated use of sintered silicon carbide candle filters at 1,100-1,3)) degrees F and 16 atm pressure to reduce fuel gas 

solid particulates to less than 10 ppm. 
- Delivery of Final product fuel gas at high temperature and pressure containing less than I ppm combined alkali and heavy 

metals. 

Commercial scale process performance systems studies show the KRW hot gas combined cycle power system to have net heat rates 
less than 8,000 BTU/kWh and capital costs less than 1,250$/kWh for 300-4(X) MW sized plants. A significant feature of these sys-
tems is the modularity of design which provides much planning and construction flexibility. 

Kellogg is interested in applying the ICRW gasification technology to a commercial size demonstration plant of about 60 MWe 
capacity. 

Project Cost: Not disclosed 

LAKESIDE REPOWERING GASIFICATION PROJECT - Combustion Engineering. Inc. and United States Department of Energy 
(C-320) 

The project will demonstrate Combustion Engineering's pressurized, aiiblown, 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). 

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 proiect will span 10 years. including five years needed to test and operate the system. The plant will continue to 
Provide power to the city as part of its commercial grid during the testing period. 

Design work and permitting for the new integrated cower plant will begin this year. Construction work is expected to start in 1992, 
with initial oneration scheduled to begin by 1995. 

DOE is providing $129.4 million, or 48 percent, of the proiect's total cost. The remaining funds will be provided b y Combustion 
Engineering. City Water, Light & Power, and the Illinois Department of Energy and Natural Resources. 

LAPORTE LIQUID PHASE METHANOL SYNITIESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-330) 

Air Products is testing a  tons per day PDU located near LaPorte, Texas. The unit is being run aspen of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem Systems. In the process, 
synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. The oil 
acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more con-
centrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carbon ratio gases 
without the need for synthesis gas shift to produce more hydrogen. The technology is particularly suitable to syngas derived from 
coal in modem, efficient coal gasifiers which produce a high CO content syngas. 
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In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, With the initial objective of a 40 day con-
tinuous run. During the run, the LaPorte unit was operated under steady-state conditions using carbon monoxide-rich gas repre-
sentative of that produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to 8 tons per day 
with a total production of approximately 165 tons of methanol (50, gallons). The plant, including the slurry pump and a spe-
cially designed pump seal system, operated very reliably during the run. 

In a (our-month test lasting from September 1, 1988 to January 8, 1989, the unit produced methanol from simulated coal gas at a 
rate more than twice the original design rate of the test facility. 

The LaPorte run lasted 124 days and was interrupted only briefly when Hurricane Gilbert threatened the Gulf Coast early in the 
test program. During the marathon operation, the experimental facility produced just over 8,000 barrels of fuel-grade methanol. 
Production rates averaged 60 to 70 barrels per day - roughly twice the facility's original 35-barrel per day design rate. Methanol 
from the test run was of high enough quality to be used directly as a motor fuel without further upgrading. 

The 124-day run also demonstrated the effectiveness of improvements in the facility's reaction vessel which had been modified last 
year to incorporate an internal heat exchanger and vapor/liquid separation process. Synthesis gas was provided by Air Products 
from its adjacent HyCO production plant. Operation of the PDU was again successfully tested from September 1989 through 
March 19%. The PDU operated extremely well with excellent productivity. 

The 48-month, $10.2 million contract will expire in March 1991. 

Project Cost: DOE $264 million 
Private participants: $3.8 million 

LIQUID PHASE METHANOL DEMONSTRATION PLANT - Air Products and Chemicals, Dakota Gasification (C-345) 

Air Products and Chemicals, Inc. and Dakota Gasification Company (DGC) have been selected by the United States Department 
of Energy (DOE) to negotiate for an estimated $93 million from the federal government to help underwrite the costs of a 
500 ton-per-day liquid phase methanol unit the two companies jointly plan to construct at DGC's Great Plains Synfuels Plant in 
Beulah, North Dakota. The novel project, which is designed to lower power costs and reduce acid rain emissions, was one of 
13 selected by the DOE under the third round of the nation's Clean Coal Technology Demonstration Program. 

Coal Gasification Combined Cycle (CGCC) is the cleanest technology for generating electric power from coal. The liquid phase 
methanol technology that was ori ginally planned to be demonstrated at the Great Plains facility has been developed specifically to 
lower the cost of electricity produced in Coal Gasification Combined Cycle (CGCC) power plants by efficiently storing energy in 
the form of methanol for use during periods of peak power demand. These types of facilities could also sell any excess quantities 
of the clean-burning fuel for other applications. CGCC can effectively lepower coal-fired facilities and meet stringent environmen-
tal limits for sulfur dioxide and nitrogen oxide emissions. Thus, on a commercial scale, the liquid phase methanol technology could 
reduce electric power costs by allowing utilities to rely less on imported liquid fuels or natural gas and still meet the nation's clean 
air requirements. 

The proiect originally called for about 10 percent of the synthesis gas produced at the Great Plains plant to be converted to make 
500 tons per day of methanol, while the remaining synthesis gas would be used in making substitute natural gas. However, it has 
now been announced that the project will be located elsewhere. 

DCG said that a maior reason for not bein g able to locate the proiect at Great Plains is the com pany could not Permission from its 
gas buyers to divan 10 neirent of its synthetic natural gas to methanol production. 

Air Products and Dakota Gasification will contribute about $121 million of the total estimated cost of $213 million. If the technol-
ogy is successful on a commercial scale, Air Products could build conversion plants for other companies as soon as 1995. 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - KHD Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-350) 

KI-ID and Sumitomo agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasification 
processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, Sweden at the 
country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant was designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen are in-
jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C. Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed
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LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-360) 

The china National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in mid to late 1991, the Lu 
Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - Coal Technology Corporation and United States Department of 
Energy (C-370) 

The objectives of the proiect are to demonstrate the technolo gy and also to prwe the acceptability of the oroducts and the viability 
of the economics. CTC currently markets coal-derived gasoline and diesel fuels in southwestern Virginia. 

Proiect Cost: $3,300,000 

MILD GASIFICATION OF WESTERN COAL DEMONSTRATION - AMA)( Western Research Institute (C-372) 

AMAX is planning a 1,000 ton per day commercial demonstration plant at its Eagle Butte Mine near Gillette, Wyoming. Inclined 
fluid-bed reactors will be used for drying and mild gasification. 

The first liquid product, dirty pitch, will be used to spray the dry coal. Clean pitch will be used as a binder for carton anodes used 
in aluminum production. The oil product will be used to run the heavy mine equipment. 

Prefeasibility studies concluded that favorable economics depend upon upgrading the mild gasification 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. Therefore, char will be converted to pure carbon 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 development unit has been operating at Western Research In-
stitute since January 1990. A 50 pound per hour char to carton process demonstration unit will start up at Amax Research and 
Development in Golden, Colorado in June 1990. 

MINNESOTA P&L ELFUEL PROJECT - Minnesota Power and Light Company, BNI Coal, Institute of Gas Technology, Electric 
Power Research Institute and Bechtel Corporation (C-373) 

Minnesota Power and Light submitted a proposal to DOE's Clean Coal Technolgoy Program Round Three for a project in which 
2,000 tons per day of raw North Dakota lignite would be reformed at temperatures of 600 degrees F and 1,850 psi, creating a 
product that resembles bituminous coal. In the final ELFUEL product, moisture would be reduced to eight percent by weight and 
the energy content increased from 7,250 BTU per pound to 11,100 BTU per pound. 
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The project was not selected for funding. However, the proposers are considering submitting it to the next round of the Clean Coal 
Technology Program. Testing is still continuing to try to reduce sulfur levels in the final product. If these tests are promising Min-
nesota P&L may decide to continue the project without DOE funding. 

Project Cat:	 $146 million 

MONASH HYDROLIQUEFACI1ON PROJECT - Coal Corporation of Victoria and Monash University (C-380) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into the structure and hydroliquefaction of Victorian brown coal. Batch autoclave and other studies 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 lead to the proposal of a guest/host 
model for brown coal which more recent results suggests may represent an oversimplification of coal structure. The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignocellulosic polymer has yet to be defined. 

The use of sodium aluminate as a promoter for the reaction of brown coal with carbon monoxide and water, leading to high yields 
of low molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Some 
success has been achieved in characterising the aluminum species responsible for promoting these reactions but further work is re-
quired. 
Partial oxidation of brown coal is thought to be adventitious for hydroliquefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress. Investigations are underway into the isolation and characterization 
of potentially useful products which can be extracted from brown coal. 

Project Cat: $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 lint-phase construction of the Jungar Coal Mine, China's potential largest open-pit coal mine with a reserve of 25.9 billion 
tons, is in full swing and will have an annual capacity of 15 million tons by 1995. 

The lb 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 HYDROGENATOR PROCESS PROJECT - British Gas plc and Osaka Gas Company Ltd. (C-400) 

Work is being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to produce methane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) coal hydrogenator incorporating internal gas recirculation in an entrained now 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 20) 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 (GRIt) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was successfully completed. An Engineering and Costing Study of the commercial process concept confirmed 
overall technical feasibility and exceptionally high overall efficiency giving attractive economics. 

In December 1988, the sponsors went ahead with the second stage of the joint research program to carry out a further two year 
development program of runs at more extended conditions and to expand the pilot plant facilities to enable more advanced testing 
to be carried out.
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Through 1989, perfonnance tests have been conducted at over 43 different operating conditions. Four different coats have been 
tested, and a total of 10 tonnes have been gasified at temperatures of between 180 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. It will be operated in 
this mode in the second half of 1990. 

Project Cost:	 Phase I	 $16 million 
Phase II	 $7.4 million 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (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 must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three process development units utilizing three different concepts for bituminous coal liquefaction: solvent extraction, 
direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so called 
NEDOL Process, and NEDO has intended to construct a 150 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100-150 arm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major 
products will be light oil. Residue-containing ash will be separated by vacuum distillation. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991 

In 1988,5 different coals were processed in the bench scale unit with encouraging results. 

Project Cost: 100 billion yen, not including the three existing PDU 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-420) 

A group of Swedish companies are planning to build a gasification plant in Sweden. The Nynex Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification process to produce fuel gas for a combined cycle unit and synthesis gas for the Nvnas 
refinery. Initially, the facility will produce 350 megawatts of electricity, hot water for the Municipality district heating system, and 
industrial gases (oxygen, nitrogen, and argon). Also, Nynex Petroleum's refinery in Nynashamn will switch to fuel gas from NEX. 

For strategic reasons it became important to establish new domestic ammonia production capacity in Sweden. A new design was 
consecuently made for production of some 500.000 tons ammonia per year. 

Project Cost: US$700 million
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01110 COAL/OIL CO-PROCESSING PROJECT - Ohio (jean Fuels Inc., Stone and Webster Engineering Corp., Hill Inc., Ohio Coal 
Development Office, and United States Department of Energy (C440) 

This project is a prototype commercial coal/oil co-processing plant to be located In Warren, Ohio. This plant will convert high sul-
fur, high nitrogen, Ohio bituminous coal and poor-quality petroleum to produce clean liquid fuels. The process to be utilized is 
HRI, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both are 
simultaneously converted to clean distillate fuels. A 'typical' C 4-975 degrees F distillate fuel will contain 0.3 percent sulfur and 
0.3 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant was slated for 1994, however, it will likely be delayed to 1996 because of problems 
with permits. 

The products were originally slated for transportation fuels, however, emphasis has switched to finding an alternative market such 
as a boat utility that would burn the fuel for electricity generation. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program Round One. Continued funding 
by DOE, however, hinges on Ohio's ability to find an alternative market for the fuel. 

Project Cost: Estimated $226 million 

OULU AMMONIA FROM PEAT PROJECT - Kemira Oy (C-450) 

Kemira of Finland is building a pressurized fluidized bed peat gasification system for producing synthesis gas. The gas will be used 
for ammonia and other chemicals. Ammonia production is to be 80,000 tons per year. 

Currently Kemira operates in Oulu a minor ammonia plant based on the gasification of heavy fuel oil. However, peat is the only 
realistic domestic raw material for synthesis gas in Finland. Therefore, a research program aiming at the gasification of peat was 
started in the middle of the 1970s. 

The gasification plant includes as integrated individual processes: peat transfer, screening, crushing, drying, pressurized HTW 
fluidized bed gasification, soot removal, raw gas compression and three-stage gas purification. The existing Pyroflow boiler plant 
serves for energy supply and a waste incinerator. The gasification plant was placed in operation in June 1988. It has a capacity of 
150 megawatts, thermal. 

Project Cat: Investment costs are expected to be F1M225 million. 

P-CIG PROCESS - Interproject Service AB, Sweden and Nippon Steel Corporation, Japan (C455) 

The Pressurized-Coal Iron Gasification process (P-CIG) is based on the injection of pulverized coal and oxygen into an iron melt at 
overatmospheric pressure. The development started at the Royal Institute of Technology in Stockholm in the beginning of the 
1970s with the nonpressurized CIG 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 AB of Sweden and Nippon Steel Corporation of Japan signed an agreement to develop the P-CO 
Process in pilot plant scale. The pilot plant system was built up at the Metallurgical Research Station (MEFOS) in Lulea, Sweden. 
The P-CO 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 50) tons of coal per day. 

According to project sponsors, the P-CO Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the future in Sweden. 

For the 500 tons of coal per day demonstration plant design, the gasification system consisted of a reactor with a charge weight of 
iron of 40 tons. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with five tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a raak of Government Program PR-i 'Complex 
Coat 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.
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COMMERCIAL AND R&D PROJECT'S (Continued) 

Initial work was concentrated on the two-stage extraction method of coal liquefaction. The investigations were carried out up to 
the bench scale unit (120 kilograms of coal per day). The next step—tests on a Process Development Unit (PDU)—met serious 
problems with the mechanical separation of solids (unreacted coal and ash) from the coal extract, and continuous operation was 
not acheived. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con- 
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coal per day. 

The construction of the direct hydrogenation PDU at the Central Mining Institute was finished in the middle of 1986. In Novem-
ber 1986 the first integrated run of the entire unit was carried out. 

The significant, original feature of this direct, non-catalytic, middle-pressure coal hydrogenation process is the recycle of part of the 
heavy product from the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
distribution of residence times for different fractions of products is obtained, the proper hydrodynamics of a three-phase reactor is 
provided and the content of mineral matter (which acts as a catalyst) in the reactants is increased. From 1987 systematic tests on 
low rank coal type 31 have been carried out, with over 100 tons of coal processed in steady-state parameters. 

The results from the operation of the PDU will be used in the design of a pilot plant with a capacity of 200 tonnes coal per day 
which is expected to be completed by the end of the eighties. 

PH3C/GCC COMBINED SYSTEM - British Coal Corporation, United Kingdom Department of Energy, European Commission, 
PowcrGen, (0-465) 

British Coal Corporation has proposed a research project utilizing the pressurized fluidized bed combustion process (PFDC) 
developed at Grimethorpe, South Yorkshire. 

The project is intended to increase the output of the power station by incorporating a turbine which runs on a combination of 
gasified coal and exhaust from the pressurized fluizied bed combustor. 

In conventional PFBC, coal is burned in a fluidized bed under pressure, and the hot pressurized combustion gases are fed directly 
into a gas turbine. However, the operating temprature in a PFBC unit is usually only about 850 C to avoid softening the ash and 
impeding fluidization. This comparatively low temperature limits efficiency. 

To overcome this, British Coal engineers proposed a topping cycle. It would entail injecting a fuel gas into the hot PFBC combus-
tion gas and burning the combination in the gas turbine inlet, raising the hot gas temperature to 1,100 C or more. 
At first, the fuel gas would be natural gas. In due course the intention would be to couple a coal gasifier and a PFBC unit. 

Coal would be partially gasified, and the solid residue burned in the PFBC unit, or on another version of a CHIC unit; the fuel gas 
from the gasifier would be burned in the hot combustion gas in a fully coal-fired topping cycle. 

The gas turbine is due to start operation at Grimethorpe in early 1991; the novel, pressured spouted bed gasifier, developed at the 
Coat Research Establishment, will operate in 1990/1991. 

The gas turbine operation is funded by British Coal, UK Department of Energy, PowerGen, and EPRI. The gasifier work is 
funded by British Coal and the European Community. 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (KK) (C-470) 

Krupp Koppers. of Essen, West Germany (in United States known under the name of GKT Gesellschaft fuer Kohle-Technologie) 
are presently operating a 48 tons per day demonstration plant and designing a I,ODO tons per day demonstration module for the 
PRENFLO (pressurized entrained flow) process. The PRENFLO process is MC's pressurized version of the Koppers-Totzek (1(T) 
flow gasifier. 

In 1973, XX started experiments using a pilot K!' gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij DV 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. After completion of the test program, Shell and MC 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.

SYNTHETIC FUELS REPORT, DECEMBER 1990 
4-75



STATUS OF COAL PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput at an 
of 30 bar. The plant is located at Fuerstenhausen, West Germany. In over 8,000 hours of test operation, nine 

Krupp Koppers and Siemens, KWU Group, are planning a demonstration 10CC plant based on the PRENFLO process. This 
demonstration plant will have a capacity of 160 megawatts, based on one PRENFLOW module with 1,200 tonnes per day coal 
throughput and two Siemens V64 gas turbines. The detailed engineering is expected to be finished in 1989, so that a contract can 
be awarded in the second half of the year. The startup of the plant is planned for 1992. 

Project 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/POD system) and raise plant efficiency to 45 percent or more. 

The Hybrid system combines the advantages of a pressurized coal gasifier and a pressurized combustor which are used to drive a 
high efficiency gas turbine generator to produce electricity. The proprietary Kellogg system processes pulverized coal and lime- 
stone and relies on high velocity transport reactors to achieve high conversion and low emissions. 

The gasifier converts part of the coal to a low-BTU gas that is filtered and sent to the gas turbine. The remaining char is com-
busted and the flue gas is filtered and also goes to the gas turbine. The advantages of the system in addition to high efficiency are 
lower capital cat and greatly reduced SO and NO  emissions. 

Kellogg is currently building a bench scale test unit to verity the kinetic data. A pilot plant of 1-2 ton per hour capacity is planned 
for the near future. 

RJIEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rbeinische Braunkohlenwerke AG, Uhde GmbH, Lurgi 
GmbII, West German Federal Ministry for Research & Technology (C480) 

Rlteinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. In 1990 Lurgi joined the commercialization effort. 

Based on operational experience with various coal gasification processes, especially with ambient pressure Winkler gasifiers, 
Rheinische Braunkohlenwerke AG (Rheinbraun) in the 1960s decided to develop pressurized fluidized bed gasification, the High-
Temperature Winkler (H1'W) process. The engineering contractor for this process is Uhde GmbH. 

The development was started at the "Institut fur EisenhuttenkundC of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pre-tests with this PDU a pilot plant operating at pressure of 10 bar was built in July 1978 at the Wachtberg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 1.3 tons per hour dry lignite. By end of 
June 1985 the test program was finished and the plant was shut down. From 1978 until June 1985 about 21,000 tonnes of dried 
brown coal were processed in about 38,000 hours of operation. The specific synthesis gas yield reached 1,580 standard cubic meters 
per tonne of brown coal, MAP, corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic meters per hour per square meter of 
gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

After gasification tests with Finnish peat in the H'I'W pilot plant in the spring of 1984 the Kemira Oy Company, Finland decided to 
convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the HTW process. The plant 
was designed to gasify approximately 650 tons per day of peat at 10 bar and process it to 280 tons per day of ammonia. This plant 
started up in 1988 and was operated with success until January 1990. 

Rheinbraun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters syngas per year. All 
engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant was pipelined to DEA - Union Kraftstoff for methanol production testing periods. From star- 
tup in January 1986 until end of April 1990 about 510,000 tonnes of dried brown coal were processed within about 21,650 hours of 
operation. During this time about 655 million cubic meters of synthesis gas were produced. 
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Studies for further development of the HTW process for higher pressures up to about 25 bar are being performed including op-
timization of the processing system as well as operation in a recycling fluidized bed especially in respect to utilization for combined 
power production. 

A new pilot plant for pressures up to 25 bar and throughputs up to 63 tonnes per hour was erected on the site of the former pilot 
plant of hydrogasification and started up in November 1989. Up to now the design throughtput of 63 tonnes per hour was reached 
operating with oxygen/steam as gasification agents. From mid 1990 onwards corresponding tests with air as gasification agent will 
follow. 

This work is performed in close co-ordination with Rheinbraun's parent company, the Rheinisch-Westfalisches Elektrizitatswerk 
(RWE), which operates a power station of a capacity of some 9,300 megawatts on the basis of lignite. Since this generating capacity 
will have to be renewed after the turn of the century, it is intended to develop the 10CC technology so as to have a process avail-
able for the new power plants. Based on the results of these tests and on the operating experience gained with the H1'W synthesis 
gas plant, a demonstration plant for integrated 141W gasification combined cycle (HM-IGCC) power generation is planned which 
will go on stream in 1995 and will have a capacity of 265 MW of electric power. 

Project Cat: Not disclosed 

SASOL - Sasol Limited (C490) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The Synthol oil-from-coal process was developed by Sasol in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda - 
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 100, 
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 sulphur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division. In addition the primary fuels produced by Sasol at Secunda are amoun g the most en-

The diesel fuel is a zero sulfur fuel with a high cetane number and a paraffin content that will result in a lower particulate emission 
level than any normal refinery fuel. 

Sasol's Mining Division manages the five Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the four Secunda Collieries, which form the largest single underground coal mining complex in the world, 
and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development programme, process design, en-
gineering, project management, and transfer of technology. 

Sasol approved in 1990 six new projects coating $451 million as part of an overall $1.1 billion Drocram over the next five years. The 
lint three proiects are scheduled for completion by January 1993. 

The company's total wax producing capacity will be doubled from its current level of 64.000 tons per year to 123.000 tons per year. 

The 70,000 ton per year Sasol One ammonia plant is to be replaced by a 240,0 ton cer year plant, which is expected to supply 
South Africa's current ammonia su pply shortfall.

SYNTHETIC FUELS REPORT, DECEMBER 1990 
4-77



STATUS OF COAL PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

A new facility is to be built as Sasol One to manufacture caraffinic products for detergents, The other three newly approved 
projects, which will be located at Sasol's Secunda Facilities, are as follows: 

An n-butanol plant to recover acetaldehyde From the Secunda facilities and to oroduce 17300 tons per year of n-butanol is to be 
built. 

The company has developed a process for producing coke from coal tar pitch and other low-value black products. 

Sasol will increase its production of ethylene by 60.000 tons ncr year, from its current level of 345.000 tons per year, by expanding 
its ethylene recovery plant at Secunda. The plant is excected to come onstream b y July 1991. 

Project Car: SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates Limited; Gulf 
Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (0-500) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 23 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 (CaP). 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 W. to perfonn 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 aflilliated with Bechtel Inc.), was commissioned to develop a preliminary 
process design. 

Based on the test program results, material and energy balances were developed for a commercial facility. An economic model was 
developed to analyze a number of options. The model incorporated government investment support programs available in eastern 
Canada. The primary incentives were investment tax credits and loan financing. 

Scotia Synfuels and partners have concluded an agreement with the Nova Scotia government supported by the federal government 
for financial assistance on a $23 million coprocessing feasibility study. The study is expected to be completed by June, 1990. 

Project Cost: 	 Approximately $2.5 million for the feasibility study 
Approximately (3500 million for the plant 

SCRUBGRASS - Scnibgrass Associates (C-Sb) 

Scrubgrass Associates (SCA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scnsbgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure GET 
entrained-flow coal gasification, IC! methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SFC dropped the project from further consideration. 

Scrubgtass Power Corporation has converted the project from production of liquid fuels to the production of electric power, at the 
same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. The 
plan is to use circualting fluidized bed technology, fueled with up to 6 percent sulfur coal. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

No federal assistance of any kind is sought. 

The estimated total project costs, including start-up, commissioning, engineering, procurement, and construction, and financing 
costs, are S145,,000. 

Project Cost: See above 

SEP GASIFICATION POWER PLANT PROJECT - SEP (C-520) 

Samcnwerkende Eiektriciteits-Productiebedrijvn (SE?), the Central Dutch electricity generating company, has submitted to the 
government a plan to build a 250 megawatt coal gasification plant, to be ready in 1993. SEP's previous electricity plan, approved 
early in 1987, contained a project to build a 600 megawatt coal gasification unit at Maasvtakte, near Rotterdam, but construction for 
startup in 1997 will now be based on experience gained from the smaller plant. 

SEP gave Comprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/Lurgi. In April, 1989 it was announced that the Shell process had been chosen. The location of the 
gasification/combined cycle demonstration station will be Buggenum, in the province of Unburg. 

The SiemensfKWU V94.2 Turbine was chosen and tested to satisfaction usinst coalaas of the same com position as that from the 

Shell process. 

After two years of experimentation, the plant may be expanded to 600 megawatts capacity. 

Project Cost: DFI,700 million 

SI IANGIIAI CHEMICALS FROM COAL PLANT - People's Republic of China (C-525) 

The Chinese government has approved construction of a new methanol complex. Using coal as raw, material, the Shanghai-based 
plant is expected to produce 100,000 tons per year of methanol and 15,000 tons per year of acetate fiber. Completion is due in 
1992. 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-530) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since Decem-
ber 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant has 
now operated for over 10,000 hours. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of coal 
in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell process 
is continuing through active pursuit at other Shell facilities. 

Shell Oil Company has constructed a demonstration unit for making medium-UTU gas, using the Shell Coal Gasification Process, 
at its Deer Park Manufacturing Complex near Houston, TX. The facility's gasifier uses high-purity oxygen to process a wide range 
of coals, including about 250 tons per day of high sulfur bituminous coal or about 400 tons per day of lignite. The medium-BTU 
gas and steam produced are consumed in Shell's adjacent manufacturing complex. The Electric Power Research Institute is also a 
participant in the program. 

Shell's demonstration unit started up in July 1987 and reached design capacity within the 
first 50 hours of operation. During the 

live month period from December 1987 to May 1988, the unit operated at design conditions 82 percent of the time. Additionally, 
the unit has successfully completed a planned demonstration run of 1500 hours - or more than two months - of continuous opera-
tion. The plant operated smoothly and met design conditions. During the demonstration the unit consumed about 230 tons daily 
of Illinois No. 5 coal containing 3 percent sulfur. The smooth plant operation during this long run indicates the reliability of the 
process and mechanical features of the Shell Coal Gasification technology. 

The long run also validated the environmental acceptability of the Shell process. The plant's emissions were well below the limits 
of the company's Texas air quality permit, while the wastewater was treated at the plant's bio-treater and posed no significant 
operating problems. The product gas contained the required low level of sulfur compounds and no detectable solids. The slag 
produced was used locally in a variety of construction applications.
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Since achievement of the long demonstration run, the plant has focused on evaluation of additional coals, plant runs aimed at oj 
timizing design rules and technology improvements. Eleven different coals have been run in the demonstration unit including those 
from the Illinois Basin, Northern and Central Appalachia, Powder River Basin, Texas lignite, and Australian coals. 

Project Cost: Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-540) 

The British Gas Corporation (BOC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot- 
land. (This gasifier has a six foot diameter and a throughput of 300 tons per day.) The plant successfully operated on a wide range 
of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable proportion of 
fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal 
through the tuyeres into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully 
between 1975 and 1983. Total operating time was over one year and over 100,000 tons of coal were gasified. 

A new phase, started in November 1984, is the demonstration of a 500 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 73 feet. Integrated combined cycle tests will be carried out with an SIC 30 Rolls Royce Olympus turbine to gener-
ate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 1,950 degrees 
F, a compression ratio of 10, and a thermal efficiency of 31 percent. Currently, this gasifier has operated for approximately 
1,300 hours and has gasified over 26,000 tons of U.K. and U.S. (Pittsburgh No. 8) coals. 

In addition to the current 500 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed stagger mode at 
pressure up to 70 atmospheres was constructed in 1988. It is designed for a throughput of 200 tons per day. The unit is to be used 
to study the effect of pressure on methane production and gasifier perfonnance. 

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- 199. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppcis and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-Koppers. Heads of Agreement have 
been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun I-ITW gasifier 
and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRO, in August 1985. Testing Bowmans coal in 
the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, PRO has been completed. 

The third phase, the detailed costing and feasibility study, was deferred in 1988 for at least three years due to deferred need for 
new electric capacity with significant reduced electricity load growth. 

Project Cost: DM 75 million 

SYNIIThSEGASANLAGE RUHR (SAR) - Ruhrkohle Oct and Gas GmbH and Hoechst (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 Ruhwhemie's site at 
Oberhausen-Holten. 

The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. As of 1989 the gasification plant is to be modified to allow for input of either hard coal or heavy 
oil residues. The initial investment was subsidized by the Federal Minister of Economics of the Federal Republic of Germany. The 
Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia participates in the coal costs. 

Project Casts: DM220 million (Investment)
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COMMERCIAL AND R&D PROJECTS (Continued) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-570) 

The Texaco Coal Gasification Process reached a milestone in January, 1989 with the successful completion of the five year 
demonstration of commercial operation by the Cool Water Coal Gasification Program. After production of more than 23 billion 
kilowatt hours of electricity from gasification of more than one million tons of coal, the Cool Water Program completed operation 
in late January to permit full documentation of the results. As the first fully integrated commercial scale gasification combined 
cycle power plant in the world, Cool Water demonstrated the ability of the texaco process to efficiently use a wide range of coals in 
an environmentally superior manner. Emissions of sulfur dioxide, oxides of nitrogen and particulates from even high sulfur coals 
were far below the stringent Federal New Source Performance Standards requirements for coal fired plants. 

Plans call for modifications to the Cool Water plant to enable it to burn a mixture of sewaae sludce and coal water slurry, with it 
beirw brouaht back on line around 1992-93. 

The Texaco Coal Gasification Process can be used for the commercial production of electric power and a variety of products, and 
has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects currently in 
operation utilizing the Texaco Coal Gasification Process include the 900 tons per day Tennessee Eastman plant which manufactures 
methanol and acetic anhydride, the 1,650 tons per day Ube Ammonia plant which manufactures ammonia, and the 800 tons per 
day SAR plant in Oberhausen, West Germany for the manufacture of oxo-chemicals. Commercial projects currently in detailed 
design and/or construction include the 400 ton per day LuNan Coal Gasification Plant in China to manufacture ammonia, and the 
1,100 tons per day Shoudu Coal Gasification Plant in Beijing. China, which will produce town gas. Many United States utilities are 
actively considering coal gasification for future electric power capacity additions, and are working with Texaco on detailed site-
specific studies of the Texaco process. Outside the U. S. many projects using Texaco's technology are in the evaluation stage and 
include plants to be located in the Netherlands, Sweden, Denmark, Italy and China. 

Project Cost: Not applicable 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C.590) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process ("TCGfl. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are 
used with one for stand-by. (The 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 1981 Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and a first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative 'front end' of the existing steam reforming 
process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus has a wide range of 
flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia from coals, naphtha and 
LPG as required. 

The gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The overall cost of 
ammonia is said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant 
is expected to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

YEW GASIFICATION PROCESS - Vereinigte Elektrizitatswerke Westfalen AG, Dortmund (C.600) 

A gasification process being specially developed for application in power plants is the YEW Coal Conversion Process of Yereinigte 
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 fluidized bed combustion unit. Because the coal is only partly gasified, it 
is not necessary to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 
1985. Superheated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Three variants are being tested for 
gas cleaning, whereby both wet and dry gas cleaning are being applied. These consist of: 

Wet gas-cleaning with prescrubbing to remove NH4CI, and amisol washing plus a Claus plant to remove sulfur. 

Prescrubbing to remove NIIACE., with combustion of gases free of chlorine and alkalies in the gas turbine, 
followed by sulfur separation ill the fluidized bed combustion unit. 

Dry removal of chlorine and alkalies in a circulating fluidized bed in which lime is used as a reagent, with sulfur 
removal in the fluidized bed combustion unit.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

VEW is presently planning the conversion of one of its six gas-fired power stations to the new technology. The coal gasification 
process is expected to be fully developed by 1990. 

Project Cost: Not disclosed 

VICTORIA BROWN COAL UQUEFAC'IlON PROJECT - Brown Coal Liquefaction (Victoria) fly. Ltd. (C-610) 

DCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of dry ash free 
coal. DCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Kasai Corporation, Nissho lwai, Idemitsu Kosan, and Court o 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). MDCL 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. Both sections are now operating. 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 provide data on the BC!. Process developed since 1971 by members of the consortium. Based on the knowledee cained, a 
150 ton ncr pilot is to be desired. 

If a commercial refinery were constructed, it would be capable of aroducing 100.000 tonnes per day of synthetic oil, which would be 
shared equally between Australia and Japan. 

Project Cat: $540 million for first pilot staze 

VIRGINIA IRON COREX PROJECT - Virginia Iron Industries Corn. (C-6131 

WESTERN ENERGY ADVANCED COAL CONVERSION PROCESS DEMONSTRATION - Western Energy Company, United 
States Department of Energy (C-616) 

The United States Department of Energy has completed negotiations with Western Energy Company for funding as a replacement 
project in Round One of the Department's Clean Coal Technology Program. The project has gone to the report to Congress 
waiting period. 

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 35 percent of their weight. The high moisture and mineral content of 
the coals reduces their heating value to less than 9,000 Dlii per pound.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1990) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The Western Energy process would upgrade the coals, reducing their moisture content to as low as one percent and produce a 
heating value of up to 12,000 BTU per pound. The process also reduces sulfur content of the coals, which can be as high as 13 
percent, to as low as 03 percent. The project will be conducted at a 50 ton per hour unit adjacent to a Western Energy 
subbj tuminous coal mine in Colstrip, Montana. 

If demonstration is successful. Western Energy hopes to build a privately financed commercial-scale plant orocessinc one to three 
million tons of coal ocr year by 1997. 

WUJING TRJGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-620) 

Shanghai Coking and Chemical Plant is considering a trigeneration project to produce coal-derived fuel gas, electricity, and steam. 
The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shanghai. 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed project will consist of coal gasification facilities and other processing units to be installed and operated with the 
existing coke ovens in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 
3,800 ICcal per cubic meter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50 to 60 megawatts of 
electricity; I® metric tons per hour of low pressure steam; and 300,000 metric tons per year of 99.85 percent purity chemical grade 
methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project will be 
constructed in stages. 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program (TDP), International Development Cooperation Agency. 

Phase 1, designed to produce one million cubic meters per day of town gas, 100, tons per year of methanol, and 15,000 tons per 
year of cellulose acetate was submitted to the Chinese National Planning Board for approval by Shanghai municipality in April, 
1988. It was approved by the Chinese National Planning Board at the end of September, 1989. 

Project Cost: Not disclosed 

YUNNAN LLJRGI CHEMICAL FERTILIZERS PLANT - Yunnan Province, China (C-625) 

In the 1970s, a chemical fertilizer plant was set up in Yunnan province by using Lurgi pressurized gasifiers of 2.7 meter diameter. 
The pressurized gasification of a coal water slurry has completed a model test with a coal throughput of 20 kilograms per hour and 
achieved success in a pilot unit of 13 tons per hour. The carbon conversion reached 95 percent, with a cold gas efficiency of 
66 percent. 

For water-gas generation, coke was first used as feedstock. In the 1950s, experiments of using anthracite to replace coke were 
successful, thus reducing the production cost of ammonia by 25-30 percent. In order to substitute coal briquettes for lump 
anthracite, BRICC developed a coal briquetting process in which humate was used as a binder to produce synthetic gas for 
chemical fertilizer production. This process has been applied to production. 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-630) 

The government of India has appropriated $40 million to test the potential of underground coal gasification (UCG) for domestic 
coat. The proposed site for the test in western India contains large reserves of subbituminous coal that could be amenable to UCG. 
However, experts from the United States, France, Netherland, Belgium, and West Germany concluded that the depth of the 
coal—approximately 2,750 feet—may cause some challenges, but have agreed with the strategy adopted by India for detailed 
geological, geophysical and hydrological studies prior to gasification and proposed horizontal drilling, completion policy and surface 
design. Therefore, they recommended that the Indian researchers utilize the Controlled Retracting Injection Point (CRIP) 
technology developed by the Lawrence Livermore National Laboratory. 

The first information well (UCG-1) has been drilled in Mehsana City structure located in North Gujarat. Detailed hydrological, 
geological and geophysical studies have been completed. Detailed 3-D seismic work has been done. Mother well is proposed to 
be drilled for more data gathering before actual gasification in 1989-90. 

Project Cost: $40 million appropriated
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Underground Gasification Projects (Continued) 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livermore National Laboratory (C-650) 

Initial LLNL work involved development of the packed bed process for UCO, using explosive fracturing to link injection and 
production wells. A field test, Hoe Creek No. 1, was conducted during FY1976-1977, to test the concept. The second experiment, 
carried out during FY1977-78, Hoe Creek No.2, was linked using reverse combustion and produced 100-150 BTU per standard 
cubic foot gas using air injection, and 250-300 BTU per standard cubic foot gas during a two day steam-oxygen injection test. The 
next experiment, Hoe Creek No. 3, was carried out during the FY1978-79, using a drilled channel to provide the link. The test ran 
for 57 days, 47 consecutive days using steam and oxygen during which 3,800 tons of coal were gasified with an average heating value 
of 215 0111 per standard cubic foot. The test showed that long term use of steam oxygen for UCG is technically feasible, 
operationally simple and safe. 

As a result of the experience at Hoe Creek LLNL developed the Controlled Retracting Injection Point (CR11') concept for UCO. 
The development of this gasification method was a result of recognition of the importance of maintaining oxygen injection in a 
UCG reactor low in the seam. The CR11' concept insures a low injection point by using a horizontally drilled injection well placed 
at the bottom of the seam, in which a steel liner is inserted the full length of the hole. In addition, the technique also allows 
multiple cavities to be developed from a single injection well. This is accomplished through the use of an igniter/cutter assembly in 
the injection well capable of burning through the injection well liner and igniting the coal. This new concept was first tested in the 
'Large Block Tests' carried out in FY1982 at the WIDCO mine site. In addition to testing the new CR11' concept for the first time, 
these tests were designed to be midway between laboratory and full field scale. This mid-scale size allowed the burn cavities to be 
excavated yielding valuable information about UCG cavity growth. 

The results of the 'Large Block Tests" led to the design of the Centralia Partial Seam CRIP test which was carried out in 
FY19834W. This test which used the upper half of the Big Dirty seam demonstrated the technical feasibility of the CRIP method 
on a full-scale system. Two cavities were developed and over 2,ODD tons of coal were gasified with steam and oxygen, producing an 
average heating value of 240 BTU per standard cubic foot. Because of routine mining operations at the WIDCO mine site where 
the test was performed, LLNL had the opportunity to excavate this large scale burn during FY1986. This excavation was extremely 
valuable in helping to refine the UCG process model as well as providing data for model validation. 

The CR1P conceptwas carried to an even larger scale in the Rocky Mountain I (RM-I) UCO test performed in FY19SS. The RM4 
test was a nominal 100 day test of two technologies for UCG performed near Hanna, Wyoming at the site of previous DOE UCO 
tests. In addition to the CR11' module a second module called the Extended Linked Well (ELW) module was also operated. The 
CRlF module performed extremely well. Approximately 10,000 tons of coal were gasified over the course of 93 days of forward. 
gasification. The 287 BTU per standard cubic foot average gas heating value was the highest level ever obtained in a flat lying coal 
seam. The process also demonstrated efficiencies equal to that of surface gasification units. During operation of the CRIP module 
four separate cavities were generated demonstrating the ability of the CR1? technology to reliably generate multiple cavities from a 
single injection well. 

The RM-I test was jointly sponsored by the DOE and private industry. LLNL involvement in the test included supply and 
operation of data acquisition hardware and software, supply and operation of gas analysis equipment, technical input to test design 
and operation, and supply of personnel for technical operation of the test. 

In addition to involvement in field work, LLNL has over the course of the last several years developed a state-of-the-an computer 
model of the UCG process. This model, called CAVSIM, addresses both gas composition and resource recovery questions 
associated with UCG. The model successfully predicted the shape of the cavity uncovered during the excavation of the Centralia 
Partial Seam CRlF test. In addition, model computations of coal consumption and gas production rates in a simulation of the 
RM-1 test have been shown to agree very well with the field data. 

Project Cost: Not disclosed
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COMPLETED AND SUSPENDED PROJECTS 

Project 

A-C Valley Corporation Project 

Acurex-Aerotherm Low-BTU Gasifier 
for Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced Hash HydropyroIyis 

Agglomerating Burner Project 

Air Products Staging Gasifier 
Project 

Alabama Synthetic Fuels Project 

Amax Coal Gasification Plant 

Appalachian Project 

Aqua Black Coal-Water Fuel 

Arkansas Lignite Conversion 
Project 

Australian SRC Project 

Beach-Wibaux Project 

Beacon Process 

Belt High Mass Flux Gasifier 

Beluga Methanol Project 

HI-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Slagging Project 

Car-Mox Low-BTU Gasification 
Project

Sponsors 

A-C Valley Corporation 

Acurex-Aerothenn Corporation 
Glen-Gery Corporation 
United States Department of Energy 

Arthur D. Little, Inc. 
Foster-Whetter 
United States Department of Energy 

Rockwell International 
U.S. Department of Energy 

Battelle Memorial Institute 
United States Department of Energy 

Air Products and Chemicals, Inc 

AMTAR Inc. 
Applied Energetics Inc. 

AMAX, Inc. 

M. W. Kellogg Co. 
United States Department of Energy 

Gallagher Asphalt Company, 
Standard Havens, Inc. 

Dow Chemical Company, 
Electec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

See Tenneco SNG from Coal 

Standard Oil Company (Ohio) 
TRW, Inc. 

Bell Aerospace Textron 
Gas Research Institute 
United States Department of Energy 

Cook Inlet Region, Inc. 
Placer U. S. Inc. 

United States Department of Energy 

Bechtel Petroleum, Inc. 

El Paso Natural Gas Company 

Dravo Constructors 
World Energy Inc. 

Calderon Energy Company 

Pike Chemicals, Inc.

Last Appearance in 519k 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page B-fl 

June 1987; page 4-47 

September 1978; page B-fl 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-95 

September 1989; page 4-53 

December 1986; page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1985; page 4-62 

December 1981; page 4-72 

December 1983; page 4-77 

March 1985; page 4-63 

December 1983; page 4-78 

September 1983; page 4-62 

March 1987; page 4-90 

December 1985; page 4-73 

March 1 980; page 4-53 
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Project Sponsors Last Appearance in SPIt 

Catalytic Coal Liquefaction Gull Research and Development December 1978; page B-25 

Caterpillar Low Wit! 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 445 

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 

Coaler Process Development Coaler Energy December 1978; page 8-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department or Energy
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Conoco Pipeline Gas Demonstra-	 Conoco Coal Development Company 	 September 1981; page 4-57 
lion Plant Project 	 Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy

Cool Water Gasification Program Bechtel Power Corporation September 1989 page 4-58 
Empire State Electric Energy Research Corporation 
Electric Power Research Institute 
General Electric Company 
Japan Cool Water Program Partnership 
Sohio Alternate Energy 
Southern California Edison 

Corex Iron Making Process Korf Engineering March 1990 page 4-51 

Cresap Liquid Fuels Plant fluor Engineers and Constructors December 1979; page 4-67 

United Stales Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-8 
Project TransWorld Resources 

DeSota County, Mississippi Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal liquefaction Process Dow Chemical Company December 1984; page 4-70 
Development 

Dow Gasification Process Development Dow Chemical Company June;1987 page 4-53 

EDS Process Anaconda Minerals Company June 1985; page 4-63 
EN! 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

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 

Exxon Catalytic Gasification Exxon Company USA December 1984; page 4-73 
Process Development 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 1982; page 4-76 

Fast fluid Bed Gasification Hydrocarbon Research, Inc. December 1982; page 4-90 
United States Department of Energy 

Fiat/Ansaldo Project Ansaldo March 1985; page 4-66
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Fiat TM 
KRW Energy Systems, Inc. 

Flash Pyrolysis Coal Occidental Research Corporation December 198Z 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-Bit 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-Wit Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan life Insurance Company 
Northwestern Mutual life Insurance 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Hillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc 

Howmet Aluminum Howmet Aluminum Corporation March 1985, page 4-74 

H-R International Syngas Project H-R International, Inc. December 19&5, page 4-80 
The Slagging Gasification Consortium 

Hydrogen from Coal 
-

Air Products and Chemicals, Inc. December 1978; page B-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
tion Plant Project United States Department of Energy 

Integrated Two-Stage liquefaction Cities Service/Lummus September 1986; page 4-69
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IT!' Coal to Gasoline Plant International Telephone & Telegraph December 1981; page 4-93 
J. W. Miller 
United States Department of Energy 

Kaiparowits Project Arizona Public Service March 1978; page 8-18 
San Diego On and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 4-85 
Project Administration 

Ken-Tex Project Tens Gas Transmission Corporation December 1983; page 4-95 

Keystone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/Hoffman Project E J. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. 

KILnGAS Project Allis-Chalmers December 1988; page 4-65 
State of Illinois 
United States Department of Energy 
Central Illinois light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company 

Kiockner Coal Gasifier Kiockner Kohlegas March 1987; page 4-74 
CRA (Australia) 

Kohle Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

Lake DeSmet SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transwestern Coal Gasification Company 

Latrobe Valley Coal Lique- 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 

LIBIAZ Coal-To-Methanol Project Krupp Koppers, KOPEX December 1988; page 4-65 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Com- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-Rn) 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 449 
Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98
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Mazingarbe Coal Gasification Project Cerchar (France) September 1985, page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979; page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc. 

Memphis Industrial Fuel Gas CBI Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal UGI Corporation March 1978; page B-fl 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Midrex Electrothermal Direct Georgetown Texas Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Millmerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dram 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser 

Minnegasco High-BTU Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88
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Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mountain Fuel Coal Gasification Process Mountain Fuel Resources September 1988; page 4-67 
Ford Bacon & Davis 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 445 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

National Synfuels Project Elgin Butler Brick Company September 1988; page 4067 
National Synfuels Inc. 

New England Energy Part Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech; Inc. 

New Mexico Coal Pyrolysis Project Energy Transition Corporation September 1988; page 4-67 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels InterNorth December 1983; page 4-106 
Project Minnesota Gas Company 

Minnesota Power & light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & light 

Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Oel & Gas GmbH 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio I Coal Conversion Project Energy Adaptors Corporation March 1990 page 4-65 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Cart A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project H1'CO Methanol Inc. June 1984; page 445 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company
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Project	 Sponsors	 Last Appearance in SFR 

Penn/Sharon/lClockner Project 

Philadelphia Gas Works Synthesis 
Gas Plant 

Phillips Coal Gasification 
Project 

Pike County Low-BTU Gasifier 
for Commercial Use 

Plasma Arc Torch 
Corporation 

Port Sutton Coal-Water Fuel Project 

Purged Carbons Project 

Pyrolysis Demonstration Plant 

Pyrolysis of Alberta Thermal Coals, 
Canada 

Riser Cracking of Coal 

RUHRIOO Project 

Rheinbraun Hydrogasification of Coal 

Saarbergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Scrubgrass Project 

Sesco Project 

Sharon Steel 

Simplified IGCC Demonstration Project

Kiockner Kohlegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works 
United States Department of Energy 

Phillips Coal Company 

Appalachian Regional Commission 
Kentucky, Commonwealth of 
United States Department of Energy 
Swindell-Dresser Company 
Technology Application Service 

ARC-Coal, Inc. 
COMCO of America, Inc. 

Integrated Carbons Corporation 

Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Alberta/Canada Energy Resource 
Research Fund 
Alberta Research Council 

Institute of Gas Technology 
United Sates Department of Energy 

Ruhrgas AG 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Reinische Braunkohlenwerke 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke AG 
Dr. C Otto & Company 

Powerton Project	 Commonwealth Edison 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy

March 1985; page 472 

December 1983; page 4-108 

September 1984; page C-28 

June 1981; page 4-78 

December 1978; page 8-33 

December 1985; page 4-86 

March 1979; page 4-86 

December 1983; page 4-108 

December 1978; page 8-34 

March 1985; page 4-90 

December 1981; page 4-93 

September 1984; page C-29 

December 1987; page 4-80 

June 1984; page 4-86 

Eater Wheeler Corporation September 1985; page 4-77 

Scrubgrass Associates Match 1990; page 4-69 

Solid Energy Systems Corporation December 1983; page 4-110 

Klockner Kohleps GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

General Electric Company September 1986; page 4-71
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation
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Project	 Sponsors	 Last Appearance in SPIt 

Ohio Department of Development
Peabody Holding Company 
United States Department of Energy 

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Subic, Lima Coal Gasification/ Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-Hydrogasification General Atomic Company September 1978; page B-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page B-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page B-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Toscoal Process Development TOSCO Corporation September 1988; page 4-72 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

WA Ammonia From Coal Project Tennessee Valley Authority September 1989; page 4-77 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas
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Underground Coal Gasification, 
Ammonia/Urea Project 

Underground Gasification of Anthracite, 
Spruce Creek 

Underground Coal Gasification, Joint 
Belgo-German Project 

UCG Brazil
	

Compannia Auxiliar de Empresas Electricas Brasileriras September 1988; Page 4-75 

UCG Brazil
	

Companhia Auxiliar de Empresas Electricas Brasileiras December 1988; page 4-25 
U.S. DOE 

Underground Coal Gasification,	 Alberta Research Council	 September 1984; page C-37 

Energy International
	

March 1990 page 4-76 

Spruce Creek Energy Company
	

March 1990 page 4-76 

Government of Belgium
	

March 1990; page 4-74 

Canada 

Underground Coal Gasification, British Coal 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company 
Hanna Project United States Department of Energy 

Underground Coal Gasification, Leigh Creek Government of South Australia 

Underground Coal Gasification Lawrence Livennore Laboratory 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification LLNL StudiesLawrence Livennore Laboratory 

Underground Coal Gasification Mitchell Energy 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO

September 1987; page 4-76 

June 1985; page 4-75 

September 1989; page 4-81 

December 1983; page 4-119 

December 1989; page 4-75 

March 1985; page 4-98 

December 1983; page 4-120 
Rocky Hill Project 

Underground Coal Gasification, Rocky 
Mountain 1 Test 

Underground Gasification of Deep Seams 

Underground Gasification of 
Texas lignite, Tennessee 
Colony Project 

Underground Gasification of 
Texas lignite 

Underground Coal Gasification, 
Thunderbird If Project 

Underground Coal Gasification, 
Washington State 

Underground Gasification of 
Texas lignite, Lee County Project 

Union Carbide Coal Conversion 
Project 

University of Minnesota 
Low-BTU Gasifier for Commer-
cial Use

Amoco Production Company 

Groupe d'Etudes de Is Gazeification Souterraine 
Charbonnages de France 
Gaz de France 
Institut Francais du Petrole 

Basic Resources, Inc. 

Texas A & M University 

In Situ Technology 
Wold-Jenkins 

Sandia National Laboratories 

Basic Resources, Inc. 

Union Carbide/Linde Division 
United States Department or Energy 

University of Minnesota 
United States Department of Energy

December 1983; page 4-121 

March 1990 page 4-76 

December 1987; page 4-86 

December 1983; page 4-121 

March 1985; page 4-102 

March 1983; page 4-124 

March 1985; page 4-101 

June 1984; page 4-92 

March 1983; page 4-119 
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Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium - 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers Inc. March 1978; page B-fl 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification United Synfuels Inc. September 1984; page C-36 

Wyoming Coat Conversion Project WyCoalGas, Inc. (a Panhandle Eastern December 174 page 4-112 
Company) 

Zinc Halide Hydrocracking Conoco Coal Development Company June 1981; page 4-86 
Process Development Shell Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS

Pave 

4.49 

4-50 
4-56 

4-73 

4-69 
4-70 

4-73 

4-50 
4-71 

4-82 

4-63 

4-57 
4-71 

4-52 

4-51 

4-51 
4-51 

4-71 

4-72 

4-52 
4-58 
4-75 

4-52 
4-58 

4-72 
4-88 

4-53 

4-53 

4-51 

4-82 

4-54 

4-62 

4-56 

4-54 

4-65 

Company or Or2anization 

ACME Power Company 

ABC! Ltd. 

AGA 

Air Products and Chemicals, Inc. 

A. Johnson 4 Company 

AMAX 

Australia, Federal Government of 

Basin Electric Cooperative 

Bechtel Inc. 

Beijing Research Institute of Coal Chemistry 

BEWAG AG 

Bharat Heavy Electricals Ltd. 

BNI Coal 

BP United Kingdom, Ltd. 

British Coal 

British Department of Energy 

British Gas Corporation 

Broken Hill Pty. 

Brookhaven National Laboratory 

Brown Boveri and Cie 

Brown Coal liquefaction Pty. Ltd. 

Calderon Energy Company 

Canadian Energy Developments 

Carbocol 

Carbon Fuels Corp. 

Carbon Gas Technology

Project Name 

ACME Coal Gasification Desulfurizing Process 

AECI Ammonia/Methanol Operations 
Coalpiex Project 

Nynas Energy Chemicals Complex 

Laporte Liquid Phase Methanol Synthesis 
Liquid Phase Methanol Demonstration Project 

Nynas Enegy Chemicals Complex 

AMAX/EMRC Mild Gasification Demonstration 
Mild Gasification of Western Coal Demonstration 

Victoria Brown Coal Liquefaction Project 

Great Plains Gasification Plant 

Colstrip Cogeneration Project 
Minnesota P&L ELFUEL Project 

BRICC Coal Liquefaction Program 

BEWAG GCC Project 

BUEL Coal Gasification Project 
BHEL Combined Cycle Demonstration 

Minnesota P&L ELFUEL Project 

Monash Hydroliquefaction Project 

British Coal liquid Solvent Extraction Project 
CRE Spouted Bed Gasifier 
PFBC/GCC Stem 

British Coal liquid Solvent Extraction Project 
CRE Spouted Bed Gasifier 

MRS Gasification Process 
Slagging Gasifier Project 

Broken Hill Project 

Brookhaven Mild Gasification of Coal 

BEWAG GCC Project 

Victoria Brown Coal liquefaction Project 

Calderon Energy Gasification Project 

Frontier Energy Coprocessing Project 

Colombia Gasification Project 

Char Fuels Project 

Huenxe COT Coal Gasification Pilot Plant 
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Company or Organization	 Project Name 

Central Research Institute of Electric Power Industry CRIEPI Entrained flow Gasifier 

Char Fuels of Wyoming	 Char Fuels Project 

(1cm Systems, Inc. 	 Laporte Liquid Phase Methanol Synthesis 

China National Technical Import 	 Lu Nan Ammonia-from-Coal Project 
Corporation 

Coal Conversion Institute 	 Polish Direct Liquefaction Process 

Coal Gasification	 COCA-i Project 

Coal Technology Corporation	 Mild Gasification Process Demonstration Unit 

Combustion Engineering 	 Lakeside Repowering Gasification Project 
IMHEX Molten Carbonate Fuel Cell Demonstration 

Commonwealth Energy
	 Freetown IGCC Project 

Continental Energy Associates
	

Can-Do Project 

Cosmo Oil
	

Victoria Brown Coal Liquefaction Project 

Dakota Gasification Company
	 Great Plains Gasification Plant 

Liquid Phase Methanol Demonstration Project 

Delmarva Power & Light
	

Delaware Clean Energy Project 

DEVCO
	

Scotia Coal Synfuels Project 

Dow Chemical
	

Dow Syngas Project 

Electric Power Research Institute
	

Advanced Coal Liquefaction Pilot Plant 
Laporte Liquid Phase Methanol Synthesis 

Elkraft
	

Danish Gasification Combined Cycle Project 

Encoal Corporation
	 Encoal LFC Demonstration Plant 

Energy Brothers Inc. 	 K-Fuel Commercial Facility 

European Economic Community
	 British Coal Liquid Solvent Extraction Project 

Fundacao de Ciencia e Technologia (CIENTEC)
	

CIVOGAS Atmospheric Gasification Pilot Plant 
CIGAS Gasification Process Project 

Gelsenberg AG
	

Hue= COT Coal GAsification Pilot Plant 

General Electric Company
	 Freetown IGCC Project 

German Democratic Republic
	

GSP Pilot Plant Project 

GFK Gesellschaft fur Kohleverfiussigung
	

GFK Direct Liquefaction Project 

Gillespie, Alastair & Associates, Ltd. 	 Scotia Coal Synfuels Project 

Gulf Canada Products Company
	

Scotia Coal Synfuels Project 

Hanover Energy Associates
	

Hanover Energy Doswell Project 

HRI Inc.	 Ohio Ontario Co-Processing Project 

Idemitsu Kosan
	 Victoria Brown Coal Liquefaction Project 

Institute of Gas Technology
	 IMHEX Molten Carbonate Fuel Cell Demonstration 

Minnesota P&L ELFUEL Project

4-59 

4-54 

449 

4-71 

4-74 

4-56 

4-71 

4-69 
4-67 

4-62 

4-54 

4-82 

4-63 
4-70 

4-59 

4-78 

440 

4-49 
4-69 

4-59 

4-61 

4-68 

4-52 

4-55 
4-55 

4-65 

442 

4-64 

4-63 

4-78 

4-78 

4-64 

4-74 

4-82 

4-67 
4-li 
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Company or Ornnizition Project Name 

Interproject Service AB P-CO Process 4-74 

ISCOR ISCOR Melter-Gasifier Process 4-67 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-82 

Kellogg Company, The M.W. KRW Energy Systems Inc. Advanced Coal Gasification 4-68 
System for Electric Power Generation 

Pressurized fluid Bed Combustion Advanced Concepts 4-76 

Kemira Oy Oulu Ammonia From Peat Project 4-74 

lU-ID Industries Lulea Molten Iron Pilot Plant 4-70 

Kilborn International Frontier Energy Coprocessing Project 4-62 

Katie Steel Victoria Brown Coal liquefaction Project 4-82 

Krupp Koppers GmbH PRENFLO Gasification Pilot Plant 4-75 

Lurig GmbH BEWAG GCC Project 4-51 

Mt Power Corporation IMHEX Molten Carbonate Fuel Cell Demonstration 4-67 

Manfred Nemitz Industrieverwaltung Hue= COT Gasification Pilot Plant 4-65 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-52 

Minnesota Power & Light Minnesota P&L ELFIJEL Project 4-71 

Mission Energy Delaware Clean Energy Project 4-59 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-82 

Monash University Monash Hydroliquelaction Project 4-72 

New Energy Development Organization CIUEPI Entrained Plow Gasifier 4-59 
HYCOL Hydrogen From Coal Pilot Plant 4-66 
Nedol Bituminous Coal Liquefaction Project 4-73 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal liquefaction Project 4-82 

Nippon Steel Corporation P-CO Process 4-74 

Nissho lwai Victoria Brown Coal Liquefaction Project 4-82 

Nokota Company Dunn Nokota Methanol Project 4-60 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4-52 
Synthesegasanlage Ruhr (SAlt) 4-80 

NOVA Scotia Coal Synfuels Project 4-78 

Nova Scotia Resources limited Scotia Coal Synfuels Project 4-78 

Oaklands Ltd. Eacrick Cyclone Gasifier Test 4-61 

Ohio Ontario Clean Fuels Inc. Ohio Ontario Co-Processing Project 4-74 

Oil & Natural Gas Commission Underground Coal Gasification, India 4-83 

Osaka Gas Company MRS Gasification Process 4-72 

Otto-Simon Carves CRE Spouted Bed Gasifier 4-58 

Pacific Gas & Electric Colstrip Cogeneration Project 4-57
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Company or Onanizat ion	 Proiect Name

People's Republic of China 

Petro-Canada 

PowerGen 

Research Ass'n For Hydrogen From Coal Process 
Development 

Rbeinische Braunkohlwerke 

Rosebud Energy Corp. 

Royal Dutch/Shell Group 

Ruhrkohle AG 

Saabergwerke AG 

Sasol Limited 

501 International 

Shanghai Coking & Chemical Corporation 

Shell Oil Company 

South Australia, Government of 

Southern Company Services, Inc. 

Star Enterprise 

Stone & Webster Engineering Corporation 

Sumitomo Metal Industries, Inc. 

Swedish Investment Bank 

Tennessee Eastman Company 

Texaco Inc. 

Texas Syngas Inc. 

Ube Industries, Ltd. 

Uhde GmbH 

Union of Soviet Socialist Republics 

United Coal Company 

United States Department of Energy

Mongolian Energy Center 
Shanghai Chemicals from Coal Plant 

Scotia Coal Syn fuels Project 

PFBC/GCC System 

Hydrogen From Coal Pilot Plant 

Riieinbraun High Temperature Winkler Project 

Colstiip Cogeneration Project 

Shell Coal Gasification Project 

Bottrop Direct Coal Liquefaction Pilot Plant Project 
British Coal Liquid Solvent Extraction Project 
Synthesegasanlage Ruhr (SAR) 

Oft Direct liquefaction Project 

Sasol Two and Sasol Three 

Colstrip Cogeneration Plant 

Wujing Trigenerat ion Project 

Shell Coal Gasification Project 

South Australian Coal Gasification Project 

Hot Gas Cleanup Process 

Delaware Clean Energy Project 

Ohio Ontario Co-Processing Project 

Lulea Molten Iron Pilot Plant 

Nynas Energy Chemicals Company 

Chemicals From Coal 

Cool Water Coal/MSW Gasification Project 
Delaware Clean Energy Project 
Texaco Coal Gasification Process 

Freetown 10CC Project 
Cool Water Coal/MSW Gasification Program 

Ube Ammonia-From-Coal Plant 

Rheinbraun High Temperature Winkler Project 

Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 

Mild Gasification Process Demonstration Unit 

Advanced Coal Liquefaction Pilot Plant 
Calderon Energy Gasification Project 
Encoal LFC Demonstration Plant 
Hot Gas Clean Up Process 
IUtW Advanced Coal Gasification System for 

Electric Power Generation 
Lakeside Repowering Gasification Project 
Laporte Liquid Phase Methanol Synthesis 

4-72 
4-79 

4-78 

4-75 

4-66 

4-76 

4-57 

4-79 

4-52 
4-52 
4-80 

4-63 

4-77 

4-57 

4-83 

4-79 

480 

445 

4-59 

4-74 

4-70 

4-73 

4-55 

4-57 
4-59 
4-81 

4-a 
4-57 

4-81 

4-76 

4-67 

4-71 

4-49 
4-54 
4-61 
4-65 
468 

4-69 
469 
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Cocurany or Ornnizat ion Project Name 

Mild Gasification Process Demonstration Unit 4-71 
Ohio Ontario Co-Processing Project 4-74 
Western Energy Coal Cleaning Demonstration 4-82 

University of North Dakota Energy Minerals 
Research Center AMAX/EMRC Mild Gasification Demonstration 4-50 

Veba Oel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project . 4-52 

Vereinigte Elektthitatswerke VEW Gasification Process 4-81 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-82 

Virginia Power Hanover Energy Doswell Project 4-64 

Voest-Alpine Industrieanlagenbau ISCOR Metter Gasifier Process 4-67 

West GermanFederal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-52 
Research & Thchnology GPK Direct Liquefaction Project 4-63 

Rheinbraun High Temperature Winkler Project 4-76 

Western Energy Company Western Energy Coal Cleaning Demonstration 4-82 

Western Research Institute Mild Gasification of Western Coal Demonstration 4-71 

Westinghouse Electric KRW Advanced Coal Gasification System for Electric 4-68 
Power Generation 

Yunnan Province, China	 - Yunnan Lurgi Chemical Fertilizer Plant 4-83
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GENERAL 

NATURAL GAS CONVERSION PROJECTS JUSTIFY 
NEW SECTION 

This issue of the Pace Synthetic Fuels Report inaugurates a 
new section on natural gas conversion. Previously, the con-
version of natural gas to liquid fuel was covered on a 
sporadic basis in the General section. However, now that 
three world-scale natural gas to liquids conversion projects 
will soon be operating, it is clear that this subject deserves 
more consistent coverage. The three projects are, of course, 
the existing New Zealand Synfuels methanol to gasoline 
project, the Mossgas Fischer-Tropsch project in South 
Africa, and the Shell middle distillate synthesis project in 
Malaysia. Having a separate section devoted specifically to 
natural gas will make it easier to give these projects the atten-
tion they deserve, as well as to highlight the ongoing develop-
ments in this field worldwide. 

Although the three projects mentioned use somewhat dif-
ferent technology in the synthesis step, they all start by 
reforming natural gas and end in producing liquid transporta-
tion fuels. Thus, in all respects, these are synthetic fuel 
processes, even though the starting material is in the gaseous 
rather than the solid state in which we rind oil shale, oil 
sands and coal. 

Natural gas also shares some of the resource characteristics 
of oil shale, oil sands and coal, in that it is more widely dis-
tributed throughout the world than petroleum, that many 
deposits of currently subeconomic grade are known, and that 
a major hindrance to its exploitation in many locations is the 
cost of transporting it to market in its natural form. Hence 
the conversion of natural gas to synthetic liquid fuels is al-
most certain to increase in the future. 

On the research front, in addition to continuing improve-
ments in the conventional route to making liquids from 
natural gas (i.e., by first reforming the gas to carbon 
monoxide and hydrogen) there is the rapidly growing field of 
Cl

 chemistry, the direct conversion of methane to other 
materials. We will be covering all these developments in the 
issues ahead. 

STARCHEM GETS SBIR MONEY TO STUDY NATURAL 
GAS CONVERSION 

Starchem, a Houston, Texas enterprise set up by C. van Dijk, 
has received a Small Business Innovation Research grant 
frojn the United States Department of Energy to study the 
conversion of methane to methanol and gasoline. According 
to van Dijk, large amounts of natural gas are available in 
sites where no commercially attractive use of the gas is pos-
sible. Because of its location, such gas presently has little

value. One of the best possible uses is conversion of the gas 
first into methanol and then into gasoline. However, this 
approach is unattractive commercially because the capital 
cost is too high. Starchem's objective is a much improved 
scheme that calls for much lower capital. Conversion of the 
gas to liquid products will be attractive, once the process is 
developed, says van Dijk. Methanol can be produced at a 
competitive price. High quality gasoline can also be made 
from methanol at a much lower cost than from $20 per bar- 
rel crude oil. The study will aim at determining the 
availability of equipment for attaining the conversion at dif-
ferent starting conditions for the natural gas. 

It is hoped that this will be the first (apart from liquefaction) 
process to economically convert a very large amount of 
natural gas, available at a number of sites worldwide, into 
transportable liquids such as methanol and gasoline. The 
study will optimize the design for different qualities and 
amounts of natural gas.

##11 

TECHNOLOGY CHANGES INCREASE 
EFFICIENCY IN FINDING NATURAL GAS 

Rapid advances in a wide range of technologies have made 
significant changes in the economics and efficiency of finding 
and producing natural gas, says a new study from the 
American Gas Association (AGA). 

The study reports that proved reserves of natural gas for 
each gas well completion have increased significantly since 
1985. From 1973 to 1985, non-associated reserves added for 
each onshore gas well completion averaged 0.53 billion cubic 
feet (Bcf), which was 74 percent less than the 2.03 Bcf per 
well completion during the period 1966 to 1972. Since 1985, 
however, the average has rebounded to 1.32 Bef per com-
pleted onshore well. The AGA says that this trend can be 
principally attributed to the integration of new technology 
into gas exploration and production (E&P). 

This trend is occurring, says AGA, in spite of the fact that 
only a small percentage of the 270,00 gas-producing wells 
completed during the past decade in the United States could 
have used the new technologies that are emerging. 

AGA president, G.H. Lawrence, said this "means we don't 
need to return to rig counts of 2,000 or more to have a grow-
ing supply for growing demand. In fact, for the past three 
years, we have come very close to a 100 percent replacement 
ratio with a rig count of just under 1,000? 

In addition to the trend toward increased output per well, 
the study reports that drilling success ratios have improved 
dramatically since 1983. There have been fewer di,' holes 
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per well drilled, and many new natural gas discoveries are 
still being made in mature areas. Since 1970, the amount of 
natural gas a well must produce to recover its costs has 
dropped by a factor of 3, while the wellhead price of natural 
gas has increased by a factor of 10, says the AGA study. 

The AGA says that many diverse technologies have com-
bined to improve the capability or efficiency of the 
E&P process. Specifically, the study lists enhanced seismic 
data acquisition and interpretation, PDC (polycrystalline- 
diamond-compact) drill bits, tension-leg well platforms and 
horizontal drilling as technologies that have had a major fin-
pact on natural gas E&P in the last 10 years. 

DIRECT METHANE CONVERSION DRAWS INTEREST 
AT CATALYST MEETING 

The science of catalysis holds the key for direct conversion of 
natural gas to liquids. At the 11th Canadian Symposium on 
Catalysis held in Halifax, Nova Scotia, Canada last summer, 
several papers provided insight into the likely future dimen-
sions of this field. 

Prospects for High Yield Methane Catalytic Conversion 

According to J.G. McCarty of SRI International, the decade 
of the 1990s should mark a shift in the relative importance of 
fuel resources. Natural gas may surpass petroleum to be-
come the second largest source of "fossil fuels." A majority 
of the new gas reserves are not located in areas with effective 
pipeline distribution networks. Also, increased political and 
environmental concerns limit the flaring of associated gas, 
thus weakening the linkage between the wellhead price of 
remote natural gas and its fuel value. These economic incen-
tives have caused a rapid growth of the LNG (liquefied 
natural gas) transportation industry and have driven the 
recent search for economical direct natural gas conversion 
processes. 

Indirect processes, says McCarty, include a range of commer-
cial technologies (methanol synthesis, methanol to gasoline, 
higher alcohol synthesis, middle distillate synthesis, and the 
venerable Fischer Tropsch synthesis) for conversion of 
natural gas to liquid fuels through intermediate syngas. Only 
15 years ago, syngas based processes for fuels and chemicals 
were expected to derive entirely from coal gasification, not 
from steam reforming of natural gas. These capital intensive 
but established technologies provide an economic base case 
for the exploratory "emerging" direct conversion processes. 
Direct natural gas conversion processes include pyrolysis and 
selective oxidation classes, which can either be catalytic or 
noncatalytic. Product selectivity is the major impediment in 
the development of direct conversion technologies. For 
pyrolysis, coke is a major byproduct, while selective oxidation 
routes make too much carbon oxide byproduct and too little 
methanol or higher hydrocarbon product.

McCarty's review focused on recent developments in 
catalytic coupling process chemistry, which appears to have 
approached economic viability for production of ethene. As 
a consequence, the selective oxidation and coupling of 
methane premixed with oxygen has attracted much interest 
by the catalysis research community. 

Considerable evidence indicates that heterogeneous produc-
tion of methyl radicals followed by gas phase coupling to 
form ethane initiates the production of higher hydrocarbons 
during the selective catalytic oxidation of methane. Ther-
modynamic arguments can be advanced to show that the 
high temperatures involved in methane coupling favor the 
greater entropy of single step Eley-Rideal formation of gas 
phase methyl radicals. Observations that the reactor 
geometry influences the product distribution and observa-
tions that microreactors without catalysts can selectively 
produce ethane and ethene affirms the significant role of 
homogeneous kinetics in all aspects of the reaction. The es-
sential question becomes not whether homogeneous reac-
tions contribute to the production of hydrocarbons, but 
rather what is the relative importance of homogeneous ver-
sus heterogeneous reactions in controlling product yields. 

The exact nature of the reactive surface oxygen center on 
catalyst surfaces is unknown. However, a number of reactive 
centers have been proposed and can be considered as can-
didate reactive oxygen centers for the coupling process. 
These include C, the radical anion; 02, the superoxide 
anion; O, the oxide anion, which is especially reactive if it 
is associated with a multivalent metal cation; and 0 2 the 
peroxide anion. 

The initial methane activation step by Eley-Rideal 
H-abstraction with oxygen centers of variable surface con-
centration is taken to be the rate determining step. The 
volumetric concentration of reactive oxygen centers on the 
surfaces of a working catalyst may range between levels so 
high that they cause rapid heterogeneous oxidation of the 
methyl radicals to levels so low that they cause the coupling 
rate to decrease and lead to poor selectivity through the loss 
of methyl radicals by first-order homogeneous or secondary 
heterogeneous oxidation reactions. Inherent catalyst 
properties important for maximum yield are the enthalpies 
of formation of inactive carbonate and active oxygen centers, 
the activation energy for H-abstraction by the reactive cen-
ters, the oxide surface area, and the catalyst pore volume dis-
tribution. 

Tetrachloromethane Aids Oxidative Coupling of Methane 

Work at the University of Waterloo, Ontario, Canada on the 
conversion of methane has been concerned with the partial 
oxidation of methane on heteropoly oxometalates, par-
ticularly 12-molybdophosphoric (HPMo) and 
12-tungstophosphoric (HPW). Although polar molecules are 
capable of penetrating into the bulk structure of these solids, 
nonpolar molecules such as methane are unable to do so. 
Consequently it was necessary to support the heteropoly 
oxometalates on a high surface area solid such as silica. 
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The addition of halogens to catalysts and catalytic processes 
has frequently been found to be advantageous. However, 
relatively little work has been reported on the effects of 
these additives in methane conversion processes. Recent 
work at Waterloo on the silica-supported heteropoly 
oxometalates has shown that the addition of a 
chloromethane, such as tetrachloromethane (TCM) to the 
feedstream of methane produces changes in both the activity 
and selectivities to the products. In brief, with HPMo the 
yield of formaldehyde is significantly increased when less 
than 0.5 mole percent TCM is added to the feedstream. 
However, relatively small quantities of methyl chloride are 
produced. In contrast, with HPW the conversion of methane 
is essentially unchanged. 

The conversion of methane to form ethane and ethylene evi-
dently requires the removal of one or possibly two hydrogen 
atoms from each methane molecule. It appears relatively 
improbable that two hydrogen atoms would be removed and 
it has been suggested that the primary step in the oxidative 
coupling process involves the activation of a methane 
molecule through abstraction of one hydrogen atom, result-
ing in the formation of an OH species on the solid surface 
and in the release of a methyl radical into the gas phase. 

Although the observation of gaseous methyl radicals 
downstream from the reactor provides some support for the 
hypothesis that recombination reactions occur in the gas 
phase, that they may also take place on the catalyst surface 
cannot be excluded. 

The results of the Waterloo study convincingly demonstrate 
the advantageous effects of the introduction of small quan-
tities of 1CM into the feedstream in the conversion of 
methane. The experiments suggest that the effect of the in-
troduction of small quantities of TCM into the feedstream is 
not a purely gas phase phenomenon but that the TCM is in-
corporated in the catalyst. The nature of the incorporated 
species and the source of the beneficial effect is unclear. 

Lead Oxide Catalysts Effective for Oxidative Coupling of 
Methane 

Work on oxidative coupling carried out by the Alberta 
Research Council (ARC) shows that although many dif-
ferent catalyst formulations have been investigated, an ap-

parent maximum in C2 yield of approximately 25 percent ex-
ists. The maximum is thought to be due to the fact that at 
high temperatures the coupling reaction is controlled mainly 
by homogeneous processes occurring in the gas phase. 

Lead oxide was one of the first materials identified as having 
activity for methane oxidative coupling. The performance of 
PbO catalysts has been shown to depend on the basicity of 
support and the presence of promoters, among other factors. 

A screening study performed at ARC compared the perfor-
mance of Pb, Sn, Mn, and Mo oxide catalysts, supported on 
MgO, CaO, Al203 and zeolites. The catalysts were also 
promoted with alkali metals and La. The results of this 
study showed that the PbO containing catalysts gave higher 
yields of C2-hydrocarbons than any of the other catalysts in-
vestigated. 

In more recent work a series of PbO catalysts supported on 
CaO and MgO and promoted with Li, La and K, has been 
investigated. 

With PbO catalysts it is generally agreed that the reaction 
mechanism involves the generation of CH3 radicals via 
methane interaction with oxygen associated with the PbO. It 
has been suggested that acidic catalysts favor non-selective 
CH4 oxidation whereas basic catalysts favor selective oxida-
tion to ethane and ethylene. In recent work, it has been 
shown that for PbO-A1,O3 catalysts, thermal treatment gen- 
erates a magnetoplumF'ite structure PbAI 1209 that is the 
catalytically active phase for CH 3 radical generation. 

The ARC work shows clearly that adding of alkali metals or 
basic oxides increases the C selectivity of PbO/CaO 
catalysts. The fact that the LiPbO/CaO catalyst has the 
highestC, yield and selectivity was unexpected because Li is 
the least fiasic of the promoters added. ARC concludes that 
the differences in catalyst performance cannot be ascribed 
solely to differences in basicity of the promoters. 

Also, they found that the CH4/O feed gas ratio affects the 
C, production rate and the oxiáative dehydrogenation of 
et1ane over a Li/PbO/CaO catalyst. 
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