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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

Battelle Sees Flat Spending for Energy Research and Development 

The annual Battelle forecast sees overall research and development (R&D) expenditures for 1992 
reaching $155.9 billion. Adjusted for inflation, this represents a real increase in R&D expendi-
tures of less than 1 percent. The slowdown in R&D spending has been anticipated due to the 
federal deficit, sluggish economy, defense spending cuts, and the international trade area. The 
forecast indicates that industry continues to support short-term R&D projects in reaction to for-
eign technological competition. This will continue to adversely effect R&D investment in tech-
nological innovation (see page 1-1). 

National Energy Strategy Report Calls for Continued Development of Coal Conversion 

Progress on the National Energy Strategy developed by the United States Department of Energy is 
summarized (page 1-3) in a new report. The National Energy Strategy contains more than 
100 initiatives including research on synthetic fuels and coal and natural gas policies. It is geared 
toward production of coal-derived fuels competitive with oil priced at less than $30 per barrel. 

DOE Budget Request Down for Fossil Energy, Up for Natural Gas 

Natural gas research and development will increase substantially in the overall lower fossil fuels 
budget request for fiscal year 1993. The United States Department of Energy (DOE) has re-
quested $40 million (FY93) for unconventional gas recovery R&D, up from $12.6 million (FY92). 
Among other fossil fuel R&D areas, clean coal technologies is emphasized requesting $500 million. 
For more details see page 1-6. 

Shell Notes Need for Research in the Oil Industry 

An estimated US$3 billion was spent by major oil firms in 1990 for research and development. As 
noted on page 1-9, Shell defines today's R&D challenge as providing cleaner, safer, and more effi-
cient products and processes using an interdisciplinary approach. Oil exploration, production 
refining, and marketing research anticipates an increasing reliance on heavy crude oils, gas, coal, 
tar sands and synthetic fuels in place of dwindling supplies for light crude oil. 

Short-Term Energy Outlook Predicts Oil Prices of $20 Per Barrel 

The Energy Information Administration recently published its Short-Term Enerv Outlook. See 
page 1-12 for the three different world oil price projections presented along with projections for 
natural gas, coal and electricity. In the mid-price projection, world oil prices will increase to 
$20 per barrel for the fourth quarter of 1992 and throughout 1993. 

Energy Modeling Forum Shows Variety of Views on Oil Prices 

The 11th Energy Modeling Forum compared perspectives on international oil supplies and 
demand through 2010. The forum led to several conclusions, such as that dependence upon 
Middle East oil will grow in the future; the share of oil imports will rise in many major energy-
consuming countries; and that this growing dependence cannot be reversed or halted. See page 
1-14 for more details.
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Dramatic Reductions in Carbon Dioxide Emissions Would be Detrimental to the Economy 

A new United States Department of Energy study shows that an effort to achieve dramatic reduc-
tions in carbon dioxide emissions could require substantially increased taxes on gasoline and other 
fuels with severe economic consequences. As summarized on page 1-16, capping carbon dioxide 
emissions by 2010 at 20 percent below 1990 levels would require a tax rate of $500 per metric ton 
of carbon, which would more than double the price of gasoline. No carbon tax below $750 per ton 
could achieve a 50 percent reduction in emissions, even by the year 2030. 

Commercial Module Inaugurated in Brazil 

Brazil's first industrial oil shale plant, inaugurated in January, is scheduled to begin production in 
May 1992. The plant is expected to have a daily production rate of 3,870 barrels of oil, 140 metric 
tons of fuel gas, 50 metric tons of liquid propane gas, and 98 metric tons of sulfur. Brazil's oil shale 
deposits are said to be the second largest in the world, holding approximately 800 billion barrels of 
oil. Page 2-1 describes the newest oil shale project in Brazil. 

Southern Pacific Petroleum Reports Progress on Stuart Project 

The Australian Government has designated the Stuart project an "approved shale oil demonstra-
tion plant" (page 2-1). This means that gasoline produced from the project will be exempt from 
product excise tax through the year 2005. Southern Pacific Petroleum says this will make the 
project financially feasible. 

Oil Shale Committee Proposes National Program 

A coalition of private industry and government officials from Colorado, Utah, and Wyoming 
known as the Oil Shale Action Committee has proposed a national oil shale program. The Com-
mittee recommends $19.5 million be allocated for fiscal year 1993 to support engineering studies, 
developing nonfuel products from oil shale, and research and development for shale retorting. 
Page 2-3 summarizes the committee's proposal for the national program. 

Lawrence Livermore Lab Inks Joint Venture Research Agreement 

Lawrence Livermore National Laboratory and several United States oil companies announced in 
February the signing of a cooperative research and development agreement to combine their ef-
forts to advance and refine oil shale technology, and thereby reduce the cost of producing liquid 
fuels from oil shale. The story of this 3-year agreement is on page 2-4. Under the agreement, in- 
dustrial participants all of whom have extensive oil shale experience will contribute a minimum of 
$100,000 annually, while the United States Department of Energy will fund $4 million. 

Benericiation Found Economically Unfavorable for Eastern Oil Shale 

Several studies in the past have suggested that beneficiation of Eastern oil shale before retorting 
can improve the economic prospects for this resource. However, a new report by the United 
States Department of Energy (page 2-6) concludes that, although beneficiation would reduce the 
number of retorting trains required, it would also increase operating costs because of beneficia-
tion, and reduce revenues due to loss of byproduct credits for sulfur and electricity. The study was 
carried out using the ASPEN computer modeling system. 
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Extraction of Shale Oil Components Looks Profitable 

An effort to rethink traditional cost reduction technologies in order to create an economically vi- 
able oil shale industry is presented on page 2-7. The University of Utah and James W. Bunger As-
sociates have initiated a program to produce high-value products from shale oil. The final product 
slate would include oils, waxes, aromatic oils, aromatics for the manufacture of sulfonates, acids, 
bases and resins. Additional functionalized intermediates resulting from the process may be used 
as starting materials for pharmaceuticals, industrial chemicals, and other pure compounds. 

Optimization of Stirred Ball Mill Needed for Shale Beneficiation 

Researchers at the University of Alabama have presented a generalized total-cost model for 
stirred ball milling. Stirred ball mill grinding is the highest cost unit operation in the beneficiation 
of Eastern oil shales, as discussed on page 2-11. It will be important to minimize this cost if 
beneficiation and hydrotreating of Eastern shales are to become an economic alternative to con-
ventional crude oils. 

Eastern Shale Oil Studied for Paving Applications 

The University of Kentucky's Bituminous Materials Research Section recently conducted a study 
to determine potential paving applications for the oil extracted from the Eastern shale. As 
reported on page 2-15, two separate viscosity portions of Eastern shale oil (ESO) reacted dif-
ferently in asphalt. Properties of the harder ESO modified asphalt deteriorated significantly with 
time. The softer ESO exhibited desirable properties in an asphalt recycling application. 

Recycle of Heavy Shale Oil to Retort Tested 

Work at the Australia Commonwealth Scientific and Industrial Research Organization has tested 
the effect of recycling the heavy end of shale oil to the retort as a means of upgrading to transpor-
tation fuels. Page 2-18 shows a diagram of the integrated retorting/combustion rig modified to al- 
low open-loop feeding of heavy oil. The net product oil was lighter consisting of 15.9 percent 
naphtha, 14.6 percent kerosene, 25.3 percent diesel, 29.9 percent light gas oil, 10.8 percent heavy 
gas oil, and 3.6 percent non-volatiles. 

Scaleup Risks for Oil Shale Retorts Assessed 

The scaleup risks associated with developing large-scale oil shale processing units are assessed on 
page 2-21. The article summarizes the small steps used in increasing the size of oil shale retorts in 
Russia. This is contrasted to the large jump attempted by the Unocal retort (scaleup factor 2,000) 
which eventually ended in failure. 

Status of Estonian Oil Shale Industry Reviewed 

The article on page 2-22 presents an update on the status of the oil shale industry in Estonia. Cur-
rent production is about 22 million tons per year, most of which is burned directly to produce 
electricity. About 2.3 million tons per year is retorted. 

Synergistic Effect Found in Coretorting Turkish Oil Shale and Lignite 

A study of lignite addition and steam on Turkish oil shale pyrolysis found that steam is more effec- 
tive than nitrogen at low velocities in fixed-bed pyrolysis of Goynuk oil shale. Analyses of Turkish 
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lignites and oil shales on page 2-23 show that a relatively small but significant synergistic effect be-
tween lignites and the two oil shales, Goynuk and Seyitomer, exists. 

USGS Revises Estimates of Utah Shale Resources 

A United States Geological Survey (USGS) study of the Mahogany oil shale zone of the Parachute 
Creek Member of the Eocene Green River Formation in Utah concludes that it contains an es-
timated 10.4 billion barrels of shale oil. This stratum yields an average of 25 gallons of shale oil 
per ton of rock according to the report on page 2-30. An estimated 1.7 billion barrels of shale oil 
are present on federal oil shale tracts covering 10,273 acres in the Uinta Basin, Utah. 

Chevron Canada Resources Initiates Steepbank Pilot for HASUrive Process 

As announced on page 3-1, Chevron Canada Resources has started a new pilot project utilizing the 
HASDrive (heat annulus steam drive) process to recover bitumen from the Athabasca tar sands. 
Operations at the $13 million project commenced in November 1991. 

OSLO Application Reviewed 

The OSLO ART (Other Six Leases Operation Application Review Team) recommended in 
November that the Canadian Government reopen the application for the OSLO commercial oil 
sands development. The application is on hold due to the withdrawal of both cash and loan awards 
while the Canadian National Energy Board emphasizes arctic oil development instead. Page 3-1 
presents the OSLO ART 2-year study in the areas of mining; resource base, discard sites, extrac-
tion method, upgrading and utilities. 

Suncor Notes Record Production in 1991 

Suncor's Oil Sands Group has steadily increased production to maintain 60,600 barrels a day in 
1991. The company states, page 3-6, that improved planning and execution of work, along with 
large investments to upgrade the oil sands plant have led to the increased production well above 
the earlier expectations. The company plans to expand operations in the Burnt Lake heavy oil 
project, which contains an estimated 250 million barrels of recoverable oil. 

CS Resources Concentrates on Heavy Oil 

CS Resources Inc. is putting its entire exploration and development budget into finding and 
producing heavy oil. The story on page 3-7 points out that while CS Resources is unique in its 
single-minded pursuit of heavy oil, other producers and analysts say new technology is helping to 
cut production costs and demand is starting to rise. 

New Tax Credit Available for EOR Projects 

Section 43 of the Internal Revenue Service (IRS) Code provides a new tax credit for enhanced oil 
recovery (EOR) projects. On December 30, 1991 the IRS issued a series of temporary and 
proposed regulations for the implementation of this credit. The tax credit equal to 15 percent of 
EOR qualified costs may be deducted from otherwise owed taxes. Qualifying projects and 
methods are discussed on page 3-11.
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ERCB Forecasts Energy Requirements for Alberta 1990-2005 

According to the Alberta, Canada Energy Resources Conservation Board (ERCB) the province's 
total primary energy requirements from conventional crude, bitumen, natural gas, natural gas li- 
quids, coal, hydro, and wood will increase at an annual rate of 3.1 percent from 2,646 petajoules 
(PJ) in 1990 to 4,189 PJ in 2005. Page 3-14 presents Alberta's energy outlook. 

Could Alberta Become an Oil Importer? 

An unconventional approach to oil supply and demand analysis for Canadian heavy oil looks at the 
effect of low oil prices. Considering the role of Canadian heavy crude in United States refineries 
among other factors, the study investigated the conditions under which bitumen blend from Al-
berta could penetrate potential markets. Discussed on page 3-16, the study also addressed the 
necessary cost reductions which would make market penetration feasible if long-term oil prices 
settle at US$18.00 per barrel in the year 2010. 

Cost Analysis Reveals Directions for Research Strategies In Canadian OR Sands 

Bitumen found in most of Alberta's reservoirs cannot be produced unless heated, and success will 
be achieved only by using advanced technologies. In the article on page 3-21, the existing tech-
nologies and costs are modeled, while recent technology advances and their benefits are described. 
Among other advances, horizontal drilling, heated annulus steam drive, and sand-filled multilevel 
channels technologies offer promise. 

Joint Research Project on Hydrogen In Tar Sands Announced 

A joint research project will track hydrogen during the upgrading and refinement of bitumen into 
transportation fuels. The "Hydrogen Utilization in Bitumen Upgrading" study, outlined on 
page 3-25, is the combined project of Alberta Energy; Energy, Mines, and Resources Canada; and 
the Alberta Chamber of Resources. The study is expected to be completed in the fall of 1992. 

Horizontal Drilling Becomes a Big Contributor to Heavy Oil Production In Saskatchewan 

Horizontal wells are currently contributing about 12,000 barrels per day, or 17 percent of total 
heavy oil production for Saskatchewan province in Canada. The summary on page 3-25 describes 
the province's success with this technology and reviews the production rate on the first horizontal 
well drilled in 1987. 

New Research Directions Needed In Oil Sands 

Esso Resources Canada looks at existing oil sands recovery and production technologies on 
page 3-25. The report states that new technologies must be developed and that it could take 
decades before the vast oil sands energy storehouse is tapped in a significant way. This can only be 
accomplished by a critical mass of experts collaborating in research, where universities and govern-
ments are receptive to industry guidance. 

Oriinulsion Outlook is Complex 

Orimulsion is the new bitumen-based fuel from Venezuela's Orinoco Tar Belt. it is an emulsion 
containing about 70 percent Orinoco bitumen (dispersed phase) in 30 percent water (continuous 
phase). A history of the development of the process and the projects involving Orimulsion is 
presented on page 3-28. Current utility tests in New Brunswick, Japan, England, and Florida have 
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shown that Orimulsion can easily be handled and burned in powerplants and that full plant 
capacity can be achieved. 

EOR Inc. Continues Worldwide Activities 

Electromagnetic Oil Recovery, Inc. (EOR) specializes in electromagnetic heating to stimulate oil 
recovery. Their worldwide activities are summarized on page 3-31 including Jobo field well 
projects in Venezuela, advanced recovery technologies in use on wells in Oman, tube heating sys-
tems installed in Utah, and new well projects in Brazil, Indonesia, and Canada. 

Diamond Mountain EIS Affects Tar Sands Area 

The Diamond Mountain Resource Area Environmental Impact Statement (EIS) discusses Utah's 
future land management options for 709,000 surface acres and 854,000 total acres of federal 
mineral estate administered by the United States Bureau of Land Management. A brief synopsis 
of the EIS on page 3-33 covers the broad issues involved, such as the management of natural 
resources and watershed, areas of critical environmental concern, wild and scenic rivers, and 
resource used for minerals, woodlands, and lands. In particular, the study of gilsonite, oil and gas, 
and tar sand resources is discussed. 

Greenhouse Impacts of Heavy Oil Analyzed 

The relative greenhouse gas effects of producing and utilizing different fossil fuels has received a 
huge amount of attention over the last few years. However, only recently have the differential ef- 
fects between conventional crude oil and heavy oil been addressed. Esso Resources Canada 
Limited gives an assessment on page 3-35. In their conclusions, it was found that fossil fuel con-
sumers have more leverage than fossil fuel producers to reduce emission of greenhouse gases. 

Western Energy's SynCoal Process Ready for Demonstration 

The Rosebud SynCoal partnership's $30 million coal upgrading plant in Montana was completed in 
January. The plant is designed to produce 300,000 tons per year of a cleaned and upgraded coal 
product. A description of the process appears on page 4-1. Western subbituminous coal with a 
heating value of 8,600 B11J per pound is upgraded to more than 11,500 BTU per pound, with a 
sulfur emission level of approximately 1 pound of SO 2 per million BTU. 

Sierra Pacifies Pinon Pine Project Largest CCT Project In the West 

An 80 megawatt coal gasification combined cycle plant based on the KRW gasifier will be built by 
Sierra Pacific Power Company at a site near Reno, Nevada. As noted on page 4-3 the $340 million 
project will be the largest Clean Coal Technology project funded in the Western United States. 
The coal source has not yet been selected. 

ENCOAL Ahead of Schedule, Signs First Sales Contract 

A status report on the ENCOAL mild gasification project begins on page 4-4. The plant is ex-
pected to begin deliveries in the second quarter of this year. Sales contracts have been signed for 
both the solid process-derived fuel and the byproduct oil. Wisconsin Power and Light will pur- 
chase the solid fuel and TEXPAR Energy will purchase the oil. 
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Dakota Gasification Offering Pilot Plant Services 

Dakota Gasification Company is offering the use of its pilot plant facilities, built for research on 
byproduct development, for contract research involving distillation and solvent extraction. A com-
plete update on activities at the Great Plains coal gasification plant begins on page 4-5. The com-
pany has confirmed that its preferred choice for 502 emissions control is a wet flue gas scrubber. 

ThermoChem May Combine Forces with K-Fuels 

ThermoChem Inc. was a winner under Round IV of the Clean Coal Technology Program. 
However, the proposed demonstration of their pulsed combustion tube coal gasifier at an Oregon 
paper plant appears less economical than first expected. ThermoChem is therefore proposing to 
shift the project to a Wyoming site in conjunction with a coal upgrading plant by K-Fuels Partner-
ship. As explained on page 4-6, ThermoChem would utilize the coal fines which are rejected by 
the Koppelman process that K-Fuels Partnership is developing. 

Active Gasification Projects Listed 

Results of a worldwide survey of coal gasification projects carried out by Mcllvaine Company are 
presented on page 4-8. Both operational facilities and those under construction or proposed are 
listed. 

Engineering Joint Venture to Market High Temperature Winkler Process In North America 

As announced on page 4-10, United Engineers and Constructors has signed an agreement with 
Uhde GmbH to form a joint venture to design and construct facilities based on the high tempera-
ture Winkler coal gasification process in North America. 

GAO Report Criticizes Clean Coal Program 

The United States General Accounting Office issued a report critical of the Department of 
Energy's (DOE) Clean Coal Technology Program. The report, summarized on page 4-12, suggests 
that DOE may not be obtaining maximum value for government funds expended in the program. 
The GAO makes several recommendations for changes in DOE procedures. 

DOE Rebuts GAO Criticism of Clean Coal Technology Program 

Responding to criticism from the General Accounting Office, the United States Department of 
Energy (DOE) issued a point-by-point response to GAO's comments (page 4-14). The DOE 
response notes that the rate of project failure has been greatly reduced after the first round of 
project awards. Of 13 projects that have been withdrawn from the 4 rounds of competition, 9 
were from the first round. 

Highly Integrated 113CC Concept has Economic Advantages for PRENFLO Gasifier 

A study sponsored by the Electric Power Research Institute has looked at the economic ad-
vantages of a highly integrated coal gasification combined cycle based on the PRENFLO gasifica-
tion process developed by Germany's GKT. The highly integrated concept, described on 
page 4-17, takes compressed air from the gas turbine to supply an elevated-pressure air separation 
unit. A cost advantage of about 5 percent in the cost of electricity results. 
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Direct Liquefaction Costs Have Increased 

In the first half of the 1980s, the cost of direct coal liquefaction dropped dramatically, from $90 per 
barrel to about $35 per barrel of crude oil equivalent. However, Amoco estimates (page 4-18) that 
since 1986 costs have increased rather than decreased. Technical progress has not been enough to 
offset the effects of inflation in construction costs. 

Combination of Carbonizer with PFBC Gives Efficient Cogeneration System 

Pressurized fluidized bed combustion of the residue from a partial coal carbonizer appears to form 
the basis for an economical hybrid combined cycle system (page 4-25). Hot gas cleanup for par-
ticulates allows the carbonizer product gas to be fired in a topping combustor at high efficiency. 
The fluid bed combustor supplies steam to the steam turbine. 

Light Metal Carbides from Coal Offer New Synthetic Fuels Route 

A very different route to clean transportation fuels from coal is presented in the article on 
page 4-27. Light metal (aluminum or lithium) carbides can be manufactured and transported as 
solids. Hydrolysis of the carbides then yields methane or acetylene, respectively. 

Coproduction of Electricity and Fertilizer Planned by TVA 

The Tennessee Valley Authority is proposing to develop and commercially demonstrate the 
coproduction of electricity and fertilizer (urea) using integrated gasification combined cycle tech-
nology. As explained on page 4-29, TVA expects the overall risk of producing revenues to be 
reduced because two counter-cyclic coproducts are produced. Electricity has peak demands in the 
summer and winter while fertilizer demand peaks in the spring. 

CRSS PyGas Process May be Tested in West Virginia 

Under consideration is the construction of a $21 million pilot plant to test the gasifier concept 
developed by CRSS Sirrine Engineers. The gasifier, described on page 4-31, is a fixed-bed system 
which operates on air to produce a low-BTU fuel gas, but is said to be capable of processing high 
free-swelling-index coals without problems of agglomeration or clinkering. 

Gas-to-Liquids Plant Planned for Colorado Shale Oil Facility 

A new company, Colorado Clean Fuels, proposes to convert Unocal Corporation's idle shale oil 
upgrading plant at Parachute, Colorado to a natural gas conversion plant. Natural gas, abundant 
in the area, would be converted to methanol, diesel fuel, naphtha and wax. See page 5-1. 

GUI Lowers Gas Price Expectations in 1992 Outlook 

In the 1992 edition of its long-term outlook, the Gas Research Institute has revised sharply 
downward its prediction of natural gas prices for the year 2010. In the report, summarized on 
page 5-3, GM is now projecting a price of $4.36 per million BTU. In last year's edition, they had 
predicted a price of $5.55 for the year 2010.
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CORPORATIONS 

CRESTAR ENERGY, A NEW CANADIAN ENERGY 
COMPANY FORMED 

Amoco Canada and Dow Canada have combined some of 
their oil and gas assets to produce a Canadian joint venture 
company, Crestar Energy Incorporated based in Calgary, Al-
berta. This new entity has the combined properties of Dow 
Chemical Canada Incorporated's Maligne Resources 
Limited and a matching suite of Amoco Canada's properties 
in Alberta. It will be the 19th largest oil and gas company in 
Canada. 

The formation of Crestar leaves Amoco Canada with exten-
sive oil and gas production operations throughout Western 
Canada. By releasing its Maligne Resources Unit to form 
Crescar, Dow Canada is quitting the oil and gas business to 
focus on its key chemical industries. 

The newly formed Crestar will be sold to the public through 
a series of share issues beginning in 1994, the two parties 
said. The company is expected to have a daily production 
rate of 20,000 barrels of oil and natural gas liquids, in addi-
tion to more than 150 million cubic feet of gas a day. Cash 
flow reached C$65 million in the 10 months ending last 
December. 

Management, led by president M. Todd, plans a 
C$40 million budget for development drilling at key loca-
tions. Sixty-six wells are expected to be completed by the 
end of the year. Currently Crestar holds 45 million barrels 
of oil and liquids and 573 billion cubic feet of natural gas 
reserves.

nfl 

BAFFELLE SEES FLAT SPENDING FOR ENERGY 
RESEARCH AND DEVELOPMENT 

Overall expenditures in calendar year 1992 for research and 
development (R&D) in the United States are expected to 
reach $155.9 billion, according to the annual Battelle 
forecast. This represents an increase of $4.3 billion 
(2.8 percent) over the $151.6 billion the National Science 
Foundation (NSF) estimates actually was to be spent for 
R&D in 1991. Because part of the R&D increase will be ab-
sorbed by inflation--estimated to be 2.0 percent for 
1992—Battelle forecasts a real increase in R&D expenditures 
of less than 1 percent. This is considerably less than the 
10-year average increase of 33 percent in real R&D since 
1981. 

"Given the situation with the federal budget and a generally 
sluggish economy, we have expected a slowdown in R&D

spending for some time,' said Battelle president 
D.E. Olesen. "However, this trend will be turning around, 
R&D is the key to maintaining the vitality of the economy. 
In order to meet future challenges in the environment, 
health care, industrial competitiveness, and many other 
areas, we must invest in R&D." 

Sources of Funds 

Industrial funding for R&D will account for 51.6 percent of 
the total. Industrial support is forecast to be $80.5 billion, 
up 3.2 percent from 1991. Battelle sees an increase of 
2.4 percent in federal support for R&D, with funding ex-
pected to be $67.6 billion. This is 433 percent of total expen-
ditures for 1992, but is a smaller increase than originally 
proposed in President Bush's budget. 

Funding by academic institutions is expected to be 
$4.95 billion (3.2 percentof the total), and other non-profit 
organizations will providenearly $2.9 billion (1.9 percent). 

Over the past decade, industry and government have 
switched roles as the primary source of R&D support. 
Government was the principal funder before 1980, but in-
dustrial support has been dominant since then, and that 
trend is expected to continue in 1992 and for the next several 
years. 

Government Support 

Defense (543 percent), energy (10.6 percent), space 
(12.6 percent) and health and human services (13.2 percent) 
dominate the federal R&D scene and account for 
90.7 percent of the total proposed federal R&D funding for 
1992. The make-up of this funding will not change sig-
nificantly in 1992. In 1991 energy accounted for 10.8 percent 
of the federal R&D and in 1990 it was 10.6 percent. 

The R&D budget authority stresses the beginning of a 
restructuring of the military force, a trend that is expected to 
continue for a few years. In this regard, it is important to 
note that this reorientation results in decreases in overall 
defense spending, but less of a retrenchment in defense 
R&D spending. 

This trend was noted in Battelle's previous forecasts and is, 
in part, a reflection of the technological advances that were 
demonstrated in the war with Iraq. Furthermore, the con-
tinued concern over the budget deficit is expected to prompt 
a reduction in growth of both defense and total government 
R&D, as was forecast in earlier Battelle studies. 

The Bush Administration has proposed substantial increases 
in energy research for 1993, particularly as applied to the su-
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perconducting supercollider and advanced nuclear energy. 	 Earlier, increases in industrial expenditures resulted from an 
But continuing budget deficits and the requirement for

	 improved business climate, higher sales and profits, and tax 
tradeoffs among proposed and existing programs are ex- 	 policies. However, the industrial expansion has been, and 
pected to impact both of these areas, with the proposed in- 	 will continue to be affected by a misguided concentration on 
creases not being attained to the fullest extent. 	 short-term payoffs rather than long-term survival, says Bat-

telle. 
Industrial Support

Long-Tern Outlook 
Industrial support of research is growing in areas related to 
electronics, communications, sensors, advanced machinery, 
and in fields directly influenced by the need for more energy 
efficient products and processes. R&D will continue to be 
heavily self-funded in manufacturing industries, where, on 
the average, about 34 percent of the total will be supported 
by the federal government. The non-manufacturing in-
dustries do relatively little R&D, and much of this activity 
will be supported by the federal government. 

Earlier versions of the Battelle forecast have detailed the 
division of federally and industrially supported R&D in 
broad industry classes. The 1992 forecast cautions against 
placing too much significance on the distribution of perfor-
mance among the major industrial sectors. The classifica-
tions, based on NSF procedures, do not take into account 
that many of the largest research-intensive companies have a 
wide spectrum of interests. Thus, the figures do not truly rep-
resent the line-of-business distribution of R&D perfor-
mance. 

The Battelle forecast indicates that industry continues to sup-
port short-term R&D projects and is reacting to the pressure 
from foreign technological competition. While industrial sup-
port for R&D had been growing substantially in recent years, 
a shift in patterns has been developing.

The R&D growth rate has been slowing and is expected to 
continue to decline. The combined influences of federal 
budget-cutting, negotiations on defense, and the major politi-
cal changes in Eastern Europe surely will alter government 
priorities and postures. 

Industrial support will continue to be affected by conflicting 
and complex factors. Decreases in defense procurement and 
the resulting profits are certain to affect the availability of 
funds for R&D support in selected industries. 

The trade imbalance and efforts to correct it, as well as ef-
forts to expand markets in response to shifts in government 
priorities, could spur expanded R&D. In addition, the inter-
nationalization of markets will influence R&D expenditures 
as United States-based companies attempt to accommodate 
the different regulatory postures and consumer behaviors in 
other parts of the world. 

However, the environment that permits greater rewards for 
short-term financial results, rather than technological innova-
tion, will continue to have an adverse effect on R&D invest-
ment.
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GOVERNMENT 

NATIONAL ENERGY STRATEGY REPORT CALLS FOR 
CONTINUED DEVELOPMENT OF COAL 
CONVERSION 

In February, the United States Department of Energy 
(DOE), reviewed the Administration's energy policy in a 
report "National Energy Strategy: One Year Later." 
Secretary of Energy J.D. Watkins concluded that the ad-
ministration has been solidly moving ahead to implement 
energy initiatives. The National Energy Strategy contains 
more than 100 initiatives, including important research and 
development (R&D), synthetic fuels, coal and natural gas 
policies. 

Government-wide, the President's fiscal year 1993 (FY 1993) 
budget proposes more than $1.1 billion for increased invest-
ments in R&D for Strategy initiatives. Table 1 shows cur-
rent levels of funding and proposed levels for FY 1993. 

In the report, the DOE summarizes the successes in alter-
nate fuels and new transportation technologies: 

On April 17, 1991, the President issued Executive 
Order 12759 requiring that the federal government acquire 
the maximum number of alternative-fuel vehicles (AFVs) as 
rapidly as practicable. Through January 31, 1992, the govern-
ment had purchased 3,265 AF'Vs. In FY 1993, the govern-
ment plans to convert or purchase an additional 5,000 AFVs. 
Current plans call for more than 20,000 federal AFVs to be 
operating in 1995 and for 50 percent of all federal vehicles 
purchased to be AFVs by 1998. The President's FY 1993 
budget request for alternative-fuel utilization (including 
AFV demonstrations) is $32 million, more than double the 
FY 1991 funding level. 

Building on the model of the Advanced Battery Consortium, 
the President's FY 1993 budget proposes $20 million in fund-
ing for the creation of a new government-industry consor-
tium for hybrid-vehicle technology. This new generation of 
vehicles would use batteries in combination with other sys-
tems, such as fuel cells or gas turbines. 

The President's FY 1993 budget proposes a 26 percent in-
crease from FY 1992 for advanced transportation 
technologies—such as high-speed rail and magnetic levitation, 
more efficient aircraft and aircraft engines, intelligent 
vehicle-highway systems, and more efficient air traffic con-
trol. 

Since 1988, the United States Department of Transportation 
(DOT) has funded the purchase of almost 
800 alternative-fuel buses, at a cost of $96 million, operated 
by more than 50 local transit authorities. These buses 
operate on compressed natural gas, methanol, ethanol, and 
other cleaner burning fuels. The DOT has also provided

$900,000 in grants for alternative-fuel data collection ac-
tivities. 

Natural Gas Summary 

Natural gas production and use in the United States has 
been hampered by a history of federal regulations based on 
the erroneous assumption that this fuel is in short supply and 
should be preserved for certain special uses. The result of 
this regulation has been a depressed market in which supply 
far exceeds demand. If fully implemented, the Strategy's 
recommendations are projected to increase natural gas use 
by 20 percent in the next decade. It has been estimated that 
for each 1 million barrels per day of imported oil displaced 
by domestic natural gas, 160,000 jobs would be created. This 
would reduce the trade deficit by almost $7.5 billion an-
nually. 

Coal Initiatives 

The National Energy Strategy goals for coal are to: 

- Maintain coal's competitiveness while meeting en-
vironmental, health, and safety requirements 

- Create a favorable export climate for United States 
coal and coal technology 

Accordingly, the Strategy calls for completing the Clean Coal 
Technology Demonstration Program; developing timely, 
clear, and effective regulations for mining of coal; implemen-
tation of the Clean Air Act Amendments of 1990; and creat-
ing a clearinghouse for information related to increasing ex-
ports of coal and clean coal technologies. 

The Strategy also calls for continued research, development, 
and demonstration of new mining technologies and mine 
safety practices, improved performance and efficiency of 
coal-burning technologies, and production of liquid fuels 
from coal. 

To date, DOE has focused its post-1992 coal R&D program 
on the superclean, high-efficiency power generation systems 
needed for coal to compete as an energy source under strin-
gent environmental requirements scheduled to come into ef-
fect after the year 2000. In addition, the Department's R&D 
program is also geared toward the production of high-quality 
coal-derived liquid fuels competitive with oil priced at less 
than $30 per barrel. 

The DOE expects to soon announce the startup of opera-
tions at five Clean Coal Technology Demonstration projects 
now under construction. It will also issue a program oppor-
tunity notice to firms interested in cofunding projects in the 
fifth round of the program, which will be the last round. The 
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TABLE 1 

FUNDING LEVELS FOR ENHANCED R&D, FY 1991-1993
(Millions of Dollars) 

FY 1992	 FY 1993	 FY 1991-1993 
Research Area	 Enacted	 Requested	 Percent Change 

Surface Transportation Efficiency 
Transportation materials development 233 26.4 22.2 
Heat engine development 16.8 17.5 10.8 
Electric & hybrid propulsion 42.9 753 201.2 
Other transportation efficiency 9.6 11.5 51.6 
Intelligent vehicle-highway systems 27.5 37.5 63.0 
High-speed rail, maglev 20.0 28.0 1333 
High-performance communications 92.0 123.0 112.1 

Total 2323 319.2 95.8 

Air Transportation Efficiency 
Energy-efficient aeronautics 63.0 68.0 31.8 
Air traffic control systems 32.0 46.0	 . 31.4 

Total 95.0 114.0 31.6 

New Transportation Fuels 
Alternative fuels utilization 17.4 31.7 133.1 
Fuels from biomass 34.8 46.4 61.7 
Advanced oil recovery 36.9 463 46.7 
Natural gas 12.6 40.0 151.6 

Total 101.7 1646 83.1 

Efficiency in Building & Industry
Integrated resource planning 3.9 6.0 100.0 
Industry efficiency 92.2 95.7 213 
Alternate industry feedstocks 0.5 2.0 566.7 
Buildings energy technologies 49.4 54.5 21.4 

Total 146.0 1581 243 

Advanced Electric Technology 
Municipal solid waste 1.6 4.0 na. 
Cogeneration 3.2 3.5 -14.6 
Photovoltaics 60.4 63.5 36.9 
Other solar and renewables 123.0 113.6 9.8 
Superconductivity 22.0 22.5 21.0 
Advanced light-water reactors 62.5 58.7 32.5 
Advanced reactor concepts 59.5 50.0 -18.4 
Advanced reactor facilities 97.8 95.1 4.4 

Total 430.0 410.9 113 

Grand Total R&D 1,005.0 1,166.9 39.6 

Total Department of Energy 7823 8784 33.1
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coals in ways that are environmentally and economically ad-
vantageous. 

Coal Summary 

Department is designing the fifth round to emphasize coal 
projects demonstrating high levels of energy efficiency and 
environmental performance. Figure 1 shows the current 
status of the program. 

Increased Export of Coal and Coal Technology 

The DOE will publish an interagency report on efforts to 
improve federal support for the export of United States coal 
and coal technology. In addition, DOE will cooperate with 
the Organization for Economic Cooperation and Develop-
ment, the International Energy Agency, and the United 
States Agency for International Development to cosponsor a 
workshop in Budapest, Hungary, on the use of clean coal 
technologies in Eastern Europe. Increased use of these tech-
nologies will enable consumption of indigenous low-energy

According to the report, despite the United State's heavy 
dependence on coal for the generation of electricity and in-
dustrial steam, the public's knowledge of coal-mining and 
coal-using technologies has not kept pace with advances in 
this field. Continuous and often dramatic improvements 
have been made in reducing emissions and other environmen-
tal impacts associated with coal mining and use. The amount 
of sulfur oxides emitted by new, advanced-design coal-
burning powerplants is less than 5 percent of the amount 
released from traditional powerplants. Future designs, cur-
rently under development in the Clean Coal Technology 

FIGURE 1 
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Program, will be capable of meeting the stringent environ-
mental standards contemplated for the year 2000 and 
beyond. Coal use and environmental protection are com-
patible. DOE says that the National Energy Strategy will 
enable the United States to obtain full value for the nearly 
$5 billion it has invested in clean coal technology in the past 
decade. 

DOE BUDGET REQUEST DOWN FOR FOSSIL ENERGY, 
UP FOR NATURAL GAS 

According to the United States Department of Energy 
(DOE) budget request for fiscal year 1993 (FY 1993), 
natural gas research and development will increase substan-
tially in an overall lower fossil fuels budget request 
Cable 1). Research, development, and demonstration in the 
Fossil Energy Program is aimed at efficient extraction and 
clean use of the abundant United States fossil fuels. Key ef-
forts include the Clean Coal Technology Program and Fossil 
Energy Research and Development Programs addressing 
coal, oil, and gas resources. 

Clean Coal Technology 

Clean Coal Technology is a multi-phase demonstration 
program aimed at introducing innovative methods of burning 
coal more cleanly, efficiently, and economically. Tech-
nologies demonstrated under the program will substantially 
reduce emissions of sulfur dioxide and nitrogen oxides, 
precursors to acid rain. In addition, the higher efficiencies of 
many of these technologies also will reduce carbon dioxide, a 
greenhouse gas. This program requires at least 50 percent 
cost-sharing with industry, and provides for recoupment of 
public investments from major commercial successes. So far, 
the industrial share has exceeded 60 percent for the 
32 projects which currently have cooperative agreements. 
Ten additional projects are currently undergoing nego-
tiations. The FY 1993 appropriation continues the funding 
for the entire program. The total FY 1993 request, including 
advance appropriations enacted in prior years, is 
$500 million. 

The Clean Coal Technology demonstration program will 
take the best, most promising, and efficient of the advanced 
coal-based power generation processing and emissions con-
trol technologies, and over the next decade move them from 
the proof-of-concept stage into the commercial marketplace 
through demonstration. By building and operating these 
first-of-a-kind plants, industry will be in a position to obtain 
the necessary data on construction and operating costs, 
reliability, maintenance, and environmental performance to 
make the necessary deployment decisions for the 1990s and 
beyond. The success of this program will play an important 
role in meeting electric power demand under the Clean Air

Act Amendments, in addressing concerns over potential 
global climate change, and in lessening United States depend-
ence on insecure foreign energy sources. 

Coal Research and Development 

Coal research and development includes a wide variety of 
technologies for promoting the use of coal in an environmen-
tally responsible manner. The FY 1993 budget request for 
coal research and development, $153.9 million, recognizes 
the expected increase in coal consumption by 2030. The 
FY 1993 budget focuses the program on the systems needed 
to allow coal to compete in the electric power market under 
stringent environmental requirements and on reducing the 
cost of coal liquids, primarily transport fuels from coal, to 
below $30 per barrel of oil equivalent. Increased research 
will be conducted to accelerate development of high ef-
ficiency systems and the control and eventual removal and 
disposal of carbon dioxide emissions (e.g., the reinjection of 
carbon dioxide in abandoned wells). The technologies being 
developed can also significantly reduce sulfur, nitrous oxides, 
and toxic air emissions from coal-fired powerplants in new 
and retrofit applications. Technology to reduce emissions 
and increase the efficiency of systems are all included in the 
following program areas: Control Technology and Coal 
Preparation, Advanced Research and Technology Develop-
ment, Combustion Systems, Fuel Cells, Heat Engines, and 
Surface Coal Gasification. 

Fossil energy technologies directed primarily to the transpor-
tation sector are within the Coal Liquefaction and Surface 
Coal Gasification Programs. These research and develop-
ment activities include efforts to reduce significantly the 
costs of transportation fuels (gasoline, diesel fuels, and alter-
natives such as methanol) derived from coal. 

Oil and Gas Extraction Technologies 

Extraction technology strategies to increase United States oil 
and gas supplies include programs in enhanced oil recovery, 
conventional gas recovery, and advanced extraction and 
process technology. Near-term strategies focus on identify-
ing and maintaining economic access to the major oil target 
reservoirs, assuring that the best extraction technology is 
being considered, and improving recovery of gas in coopera-
tion with industry. The oil program concentrates on improv-
ing the knowledge of reservoir characteristics and its impact 
on fluid flow and using this knowledge to improve the techni-
cal and environmental predictability and economic perfor-
mance of advanced extraction technologies. The program is 
aimed at forestalling the abandonment of rapidly aging 
United States oil fields. 

In FY 1993, the oil program will focus research and develop-
ment activities on a selected group of reservoirs which show 
the highest potential for increased oil recovery and at the 
same time are in the greatest danger of premature abandon-
ment.

- 
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TABLE 1 

DEPARTMENT OF ENERGY FY 1993 BUDGET 
(Budget Authority in Thousands of Dollars) 
Fossil Energy Research and Development 

FY1992 FY1993 
Comp Request 

Coal 
Control technology & coal preparation $51,063 $32,400 
Advanced research & technology development 30,227 21,500 
Coal liquefaction 39,463 23,500 
Combustion systems 37,680 21,000 
Fuel cells 51,305 35,000 
Heat engines 18,184 6,000 
Magnetohydrodynamics 40,286 - 
Surface coal gasification 11,109 14,500 

Total, Coal 279,317 153,900 

Fossil energy environmental restoration 11,439 13,500 

Gas 
Unconventional gas recovery 12,571 40,000 

Petroleum 
Advanced extraction & process technology 14,441 8,000 
Enhanced oil recovery 36,916 46,500 
Oil shale 5,899 2,500 

Total, Petroleum 57,256 57,000 

Program Direction & Management Support
Headquarters program direction 11,942 11,424 
ETC program direction 56,183 41,546 
Federal insp. - Alaska gas pipeline 334 - 

Total, Program Direction & Management Support 68,459 52,970 

Plant and Capital Equipment 
Capital equipment 346 800 
Construction 10,022 2,055 

Total, Plant & Capital Equipment 10,368 2,855 

Fuels programs 3,061 3,100 
Cooperative R&D 10,861 5,000 

Subtotal, Fossil Energy 453,332 328,325 

Use of prior year balances & other adjustments -9,000 -17,000 
Total, Fossil Energy Research & Development $444,332 $311,325
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With project awards in FY 1993, DOE will conduct a series 
of field demonstrations working under the assumption that 
technology which improves recovery in one reservoir will 
likewise improve recovery in similar reservoirs in the same 
geologic class. DOE issued its first call for proposals under 
this initiative in mid-October 1991. All field demonstrations 
are to be cost-shared with industry and selected on a competi-
tive basis. The FY 1993 budget request for the Oil Program 
is $57.0 million. 

To respond to the National Energy Strategy and initiatives, 
DOE is restructuring its natural gas program. This new 
strategy will use a "system approach" which includes all com-
ponents of the gas system: resource and extraction, utiliza-
tion, delivery and storage, and environmental/regulatory im-
pact. The gas program will address constraints to efficient

use of natural gas in the exploration, production, storage, 
transportation, distribution, and end-use areas. The new gas 
strategy will emphasize high efficiency utilization and refocus 
the supply area to emphasize conventional gas recovery. The 
Gas Program is budgeted at $40.0 million. 

The Department's oil shale program has, in the past, been 
focused on the reduction of economic and environmental 
constraints to industrial development of United States 
resources. Significant progress has been made toward this 
objective. DOE continues to support a small amount of 
retorting research, the area that the National Research Coun-
cil cited as the most critical for Western oil shale. 
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ENERGY POLICY AND FORECASTS 

SHELL NOTES NEED FOR RESEARCH IN THE OIL 
INDUSTRY 

Research and Development in the Oil Industry" is a recent 
publication from Shell International Petroleum stating that 
an estimated US$3 billion was spent by major United States 
oil firms for research and development in 1990 (Figure 1). 
Pointing out that the technical achievements of the oil in-
dustry today result from yesterday's research investment, the 
report continues to present the history, present status, and 
future requirements of research and development for oil, 
gas, and petrochemicals. Today's challenge is to provide 
cleaner, safer, and more efficient products and processes for 
the future. The approach is interdisciplinary, requiring the 
combined skills of geologists, physicists, engineers, chemists, 
and mathematicians. This combined experience is syn-
thesized by computer scientists into expert systems modeling, 
and image analysis.

FIGURE 1 
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Exploration and Production 

Over the years, research has provided the technologies 
needed to find and produce oil efficiently. Engineers can 
now drill for oil in water 1,000 meters deep and in some of 
the world's most hostile environments. Shell says most 
"giant" oil fields have probably been discovered. To find and 
produce the remaining oil, smaller, more complex fields both 
on and offshore are being explored and recovery from 
known fields is being improved with particular emphasis on 
safety and environmental considerations. 

Producing Oil 

Reservoir characterization and simulation are means of 
evaluating oil and gas fields in order to estimate reserves, 
optimize field development and maximize the economic 
recovery of oil and gas. 

Drilling can account for more than half the costs of explora-
tion and field development. Research focuses on improving 
all aspects of drilling technology—drilling methods, drill bits, 
drilling fluids—in order to reduce costs, gain more informa-
tion about the subsurface and, at the same time, improve 
safety and reduce environmental impact. 

Horizontal drilling is useful for tight, low-permeability, reser-
voirs and for improving production potential. Natural frac-
tures can be intersected and separate parts of the reservoir 
connected, thus reaching oil which would be bypassed by con-
ventional drilling. A horizontal well may produce between 
two and five times as much oil as a vertical well. 

Slimhole drilling, which enables wells of as little as 4 inches 
in diameter to be drilled, can yield cost savings of between 
25 and 40 percent over conventional drilling, owing to the as-
sociated reductions in rig size, location area, casing, drilling 
mud, cement and transport. This technique also has environ-
mental advantages, because it results in less waste mud and 
fewer cuttings than conventional drilling. 

Refining and Marketing 

Today's refineries have to convert a wide range of complex 
crude oils into an increasing proportion of lighter oil 
products such as gasolines and middle distillates (kerosenes 
and gas oils) to meet market demands for a "whiter barrel." 
At the same time, environmental controls on both refinery 
processes and the end-products are becoming more strin-
gent. Research provides the technologies needed to improve 
refinery conversion processes and product performance 
levels while ensuring that both products and processes meet 
requirements of minimal environmental impact. 
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An important area of research has been in "deep conversion" 
technologies which enable the heaviest residues to be con-
veiled into valuable products. Shell HYCON, a residue 
hydroconversion process, was developed to handle not only 
residues from most crudes, but also heavy crudes and 
bitumens from tar sands. As supplies of lighter crudes 
dwindle, these will become an increasingly important 
resource says Shell. Both the process and the end-products 
offer environmental benefits. The process enables SO2 
refinery emissions to be greatly reduced while the products—
clean transportation fuels—are virtually sulfur-free. 

Chemicals 

Many oil companies also participate in businesses which are 
more properly described as being in chemicals rather than 
oil. This is not surprising, given that more than 90 percent of 
organic chemicals are derived from crude oil and natural gas 
and that petrochemicals account for around 8 percent of 
world crude oil demand. These chemical businesses require 
research support, often at a higher intensity than the 
mainstream oil business. 

With the exception of additives for fuels and lubricants, 
research into speciality chemicals focuses less on synergy 
with the oil business and more on gaining an understanding 
of molecular structures in order to achieve a desired perfor-
mance or effect in finished products. This process has been 
aided by improved knowledge in research areas such as or-
ganic synthesis, homogeneous catalysis, formulation 
chemistry and molecular design. 

Exciting new opportunities in the oil/chemical interface are 
offered by research into syngas chemistry. Syngas is a mix-
ture of carbon monoxide and hydrogen produced from the 
gasification of raw materials including coal, natural gas and 
unconventional oil sources such as shale and tar sands. Tech-
nologies are being developed to convert these resources into 
a range of oil and chemical products. Such technologies in-
dude the Mobil process for producing gasoline from 
methanol and the Shell Middle Distillate Synthesis Process 
(SMDS) which can convert natural gas into middle distillates 
to use as clean liquid transportation fuels and chemical syn-
thesis feedstock. 

As Figure 2 shows, Shell believes that some of these conver-
sion technologies are reaching maturity, some are nearing 
commercialization while others are still at a very early stage. 
Developing these technologies makes the most of current 
hydrocarbon resources and opens up whole new areas of 
synergy in the oil/chemical interface. 

Looking Ahead 

Many research projects involve long lead times before the 
products and processes are developed to commercialization. 
This places great demands on research and development to 
provide the industry with the means of responding to
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society's needs well ahead of when they are required. Not 
only must these developments satisfy technical and commer-
cial needs, but they must also operate to increasingly strin-
gent safety and environmental criteria. 

Reference has already been made to the role of advanced 
refinery processes and syngas chemistry in developing tech-
nologies to convert a range of hydrocarbons into oil S chemi-
cal products. Such research anticipates the world energy 
scene next century which will rely increasingly on heavy 
crude oils, gas, coal, tar sands and synthetic fuels in the face 
of dwindling supplies of light crude oil. The refinery of 
tomorrow, by incorporating the conversion technologies al-
ready mentioned, will be able to respond flexibly and effi-
ciently to meet new supply and demand situations. Such 
refineries will be able to process a variety of feedstock—
crude oil, coal or gas—into a range of oil and chemical 
products, and also produce steam for power generation 
(Figure 3). 

Of course, technical considerations alone do not determine 
when a technology is used. Another key factor is the cost of 
the technology compared with the price that society is willing 
to pay. At today's prices, some of the emerging technologies 
are not economically viable and full-scale development work 
must await that time. 

According to Shell, this illustrates an important, final point—
oil industry research, like industrial research in general, is 
concerned with producing exploitable results at the right 
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time. What constitutes "the right time" is a decision for 
research managers in consultation with theft business col-
leagues. It is such shared judgments which will enable the 
oil industry to continue to produce the technologies to sup-
port the business and bring benefits to society as a whole. 

MIDDLE EAST DOMINANCE OF OIL MARKETS TO 
INCREASE SAYS USGS 

Geologic evidence indicates that the share of world crude oil 
production coming from the Middle East could increase over 
the next 10 to 20 years to exceed 50 percent. Increased 
production of natural gas, however, offers an opportunity for 
geographically diversified energy supplies in the near future. 

In 1973, OPEC reached its historical maximum oil produc-
tion accounting for 55 percent of the world's production. By 
1988, however, OPEC, the United States and the Soviet 
Union jointly, and the other non-OPEC producers each ac-
counted for about one-third of world oil production. 

While two-thirds of world oil production is from non-OPEC 
countries, these countries account for only 25 percent of the 
world's known reserves. According to a report by 
C.D. Masters, et aL, of the United States Geological Survey,

the geographic distribution of world oil production has been 
changing and will continue to shift toward the Middle East. 
The authors performed an analysis of the elements of future 
oil production: 

- Annual additions to reserves from new discoveries 
and from growth of discovered fields 

- Fraction of proved reserves produced annually 

Calculations were done for individual countries under an as-
sumption of generally stable economic and political condi-
tions. Three scenarios were calculated: low, middle and 
high growth scenarios. 

In all three scenarios, oil production from both the Soviet 
Union and the United States is projected to decline. Produc-
tion from the Soviet Union is projected to decline from 
11.7 million barrels of oil per day in 1988 to between 73 and 
7.8 million barrels per day in 2010. United States production 
is projected to decline from the 1988 level of 8.1 million bar-
rels of oil per day to 4.4 million barrels per day in 2010. The 
amount of proved reserves is also projected to decline for 
both countries. 

In 2010, oil production from the other non-OPEC producers 
is projected to range from 0.4 million barrels per day less 
than that produced in 1988 to 4.1 million barrels per thy 
more. The proved reserves of these countries is projected to 
decline from 122 billion barrels of oil to about 100 billion bar-
rels by 2010. 

Under all three scenarios, by 2010 non-OPEC production 
will be below the 1988 level. By then non-OPEC production 
is projected to decline from the 1988 level of 38 million bar-
rels per day to between 29 and 34 million barrels per day. 

Under the high scenario with an assumption of 1 percent con-
sumption growth, OPEC would achieve 50 percent of world 
oil production in the year 2009. Under the low scenario with 
an assumption of 2 percent consumption growth, OPEC 
would achieve 50 percent of world production in 1998. 

Natural Gas Liquids 

According to the report, about 10 percent of the liquid 
petroleum produced outside the OPEC is in the form of li-
quids extracted from natural gas and amounts to about 
4 million barrels per day. 

Under a similar projection of future natural gas production, 
the authors say that the production capability for natural II- 
quids will increase to 7.6 million barrels per day by 2010, 
with all but 0 to 0.5 million barrels per day coming from in-
creased natural gas production in the Soviet Union. 
However, even under optimistic assumptions for gas demand 
growth, any net increase in natural gas liquids produced is 

SYNTHETIC FUELS REPORT, MARCH 1992 
1-11 



unlikely to postpone by more than 1 or2 years the time when 
OPEC achieves 50 percent of the world's production of 
petroleum liquids. 

Crude Oil Alternatives 

During the next 20 years, additional crude oil will come from 
improved recovery of the oil remaining in discovered fields, 
extra-heavy oil, and bitumen. Demand for crude oil could be 
dampened by direct substitution of natural gas and the con-
version of gas to liquid transportation fuels. 

Venezuela's Orinoco extra-heavy oil belt contains the world's 
largest accumulation of extra-heavy oil. Of the estimated 
1,200 billion barrels of oil remaining in the belt, some 
267 billion barrels are judged to be recoverable. By the 
year 2000, 0.5 million barrels per day of extra-heavy oil are 
planned to be produced from the Orinoco belt. 

For at least 20 years, Canada has pursued development of 
bitumen as an alternative source of crude oil. Canada's 
308 billion barrels of recoverable bitumen accounts for 
75 percent of the world's recoverable bitumen. Production 
capacity is expected to grow from 0.18 to 0.35 million barrels 
per day by the year 2000. 

Natural gas can displace oil as an energy source in stationary 
end-uses and also can be converted to liquid transportation 
fuels. According to the authors it is probably the most im-
portant alternative to conventional crude oil because less 
than 40 percent of the identified gas reserves are in OPEC 
countries, and on an energy equivalent basis gas resources 
are about equal to those of oil, whereas gas production has 
been only about half that of oil. 

Only about 10 percent of the gas produced enters interna-
tional markets in pipelines, and only 3.3 percent (2 trillion 
cubic feet) is converted to liquefied natural gas (LNG). An-
nual LNG trade is expected to grow, but under present incen-
tives only to about 4 to 6 trillion cubic feet by 2010. LNG 
growth is limited because high capital costs require that it 
serve a stable market so that the plants can operate near 
capacity, says the report. 

Conversion of gas to liquid transportation fuels, such as 
methanol, middle distillates, or gasoline, offers another 
means to enhance gas use and to diversify geographically the 
sources of liquid fuels. Because the technologies are expen-
sive, however, they are applicable only to low-cost gas that 
cannot otherwise be marketed. 

Technologies for producing other liquid fuels have been 
developed and some have been commercially used, but none 
of the fuels has been produced on the scale required to sig-
nificantly affect crude oil consumption. 

According to the report, the United States does not have suf-
ficient low-cost gas to replace its declining crude production.

The required increases in gas production for the Soviet 
Union to compensate, however, are well within its capability. 
The non-OPEC producers outside of the United States, 
Soviet Union, and Middle East account for 661 trillion cubic 
feet of gas reserves, but only 15.6 trillion cubic feet per year 
of production. It is possible with massive investments in con-
version plants, that a significant part of the projected decline 
between now and 2010 of between 4.2 and 9.2 million barrels 
per day of non-OPEC production could be compensated for 
by expansion of natural gas use in the Soviet Union and 
other non-OPEC countries.

###1 

SHORT-TERM ENERGY OUTLOOK PREDICTS OIL 
PRICES OF $20 PER BARREL 

The Energy Information Administration (ETA), an agency of 
the United States Department of Energy, has recently pub-
lished its Short-Term Ener2y Outlook. Presented are three 
different world oil price cases, along with outlooks for 
natural gas, coal, and electricity. 

Energy Highlights 

The year 1992 opened with relatively low oil prices, as 
economic growth in the United States and in countries in the 
Organization for Economic Cooperation and Development 
(OECD) continued to be sluggish and OPEC oil production 
remained high. United States demand for petroleum 
products in 1992 is expected to be about 220,000 barrels per 
day above 1991 levels (13 percent increase). In 1992, domes-
tic crude oil production is expected to decline by 
220,000 barrels per day in the mid-price case, and by as much 
as 390,000 barrels per day in the low-price case, below the 
average 1991 rate. This decline continues a trend started in 
February 1991, when United States production rates had im-
proved with higher prices and the Gulf crisis. United States 
oil drilling activity for 1991 was at its lowest level in 50 years. 

Even with the economic recession, demand for natural gas 
grew by 33 percent in 1991. This growth in demand isa-
pected to continue in 1992 and 1993, with gas prices remain-
ing relatively low compared to residual fuel oil prices. 

Total electricity sales are expected to increase by 1.8 percent 
in 1992 and 2.8 percent in 1993, following a 2.1 percent in-
crease estimated for 1991. The 1991 growth in demand came 
primarily from the residential sector resulting from the abnor-
mally high summer temperatures. 

While industrial coal consumption (particularly in the steel 
industry) may rebound at a strong rate in 1992, overall coal 
consumption growth will be about 1.9 percent. 
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World Oil Price Models
	 loosening of the current United Nations embargo against 

Iraq. 
In the low-price case, the world oil price decreases from an 
estimated $19 per barrel in the fourth quarter of 1991 to 
$16 per barrel in the first quarter of 1992; it then increases to 
$17 in the third quarter of 1992 and to $18 in the fourth 
quarter of 1992 and throughout 1993. In the mid-price case, 
the world oil price decreases to $18 in the first quarter of 
1992, recovers to $19 in the third quarter, then stabilizes at 
$20 in the fourth quarter and throughout 1993. In the high-
price case, the world oil price increases to $20 per barrel in 
the first quarter of 1992; it then increases to $21 in the third 
quarter of 1992 and to $22 in thd fourth quarter of 1992 and 
throughout 1993. A summary of results is given in Figure 1. 

Factors Contributing to Oil Prices 

According to EI.A there are three main factors that may lead 
to lower oil prices in the near term. These are increased oil 
production from Kuwait and possibly Iraq, slower economic 
growth than is currently expected, and warmer than normal 
weather over much of the world. Over the next year, 
Kuwaiti oil production is expected to increase substantially. 
It is also quite possible that Iraq may begin to export more 
oil in 1992 either by agreeing to the United Nations resolu-
tion that would allow approximately 500,000 to 
600,000 barrels per day of oil exports for 6 months or more 
than 1 million barrels per day for 3 months, or because of a
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Another factor that would lead to lower prices is lower 
economic growth. If the world economy proves to be in a 
much weaker position than is expected in this Outlook oil 
demand over the first 2 quarters of 1992 could be from 
500,000 to 750,000 barrels per day less than in the mid-price 
case. This would increase the likelihood of surplus oil supply 
which would put downward pressure on prices. 

If the weather in the Northern Hemisphere is much milder 
than normal on average for the first quarter of 1992, it is es-
timated that oil demand could easily be at least 500,000 or 
more barrels per day less than if the weather followed nor-
mal patterns. This kind of situation would place additional 
downward pressure on prices during the first quarter and 
would increase the likelihood of excess fuel stocks in Europe 
and North America continuing to weaken prices during the 
second quarter. 

Natural Gas Outlook 

Even with the economic recession, demand for natural gas 
grew by 3.3 percent in 1991 to 19.3 trillion, cubic feet. In 
1992, demand for natural gas is expected to grow by 
1.8 percent in the mid-price case, to 19.7 trillion cubic feet in 
the mid-price case. Gas demand in the electric utility sector 
in 1992 is expected to be down slightly, despite the expecta-
tion of continued low gas prices and generally plentiful 
availability. In 1993, gas demand in the industrial sector will 
increase by 4.4 percent and in the electric utility sector by 
about 2.5 percent, as real gross national product growth rises 
by nearly 4 percent. In 1993, total gas consumption is 
projected to grow by 2.8 percent—to 20.2 trillion cubic feet. 

Wellhead prices for natural gas fell by more than 9 percent 
in 1991, the result of several mild winter quarters in a row, 
and sluggish industrial activity. Normal weather and a 
stronger economy in 1992 and 1993 should lead to moderate 
price increases at the weliltead and in the residential and 
electric utility sectors. 

Rising demand for natural gas is projected to cause net im-
ports to rise somewhat in 1992, but by a solid 16 percent in 
1993. 

Coal Outlook 

Coal production is expected to increase by 2.1 percent in 
1992. Higher utility and nonutility demand, and increased 
exports contribute to the growth in production in 1992. 
Demand growth in all sectors causes production to increase 
by 1.7 percent in 1993. 

Increased demand in all sectors will cause total coal con-
sumption to increase by 1.9 percent in 1992. The continued 
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economic growth forecasted for 1993 will foster growth in 
the utility and nonutility sectors. Total demand is expected 
to increase by 2.9 percent in 1993. 

Coal demand at electric utilities is projected to increase by 
1.9 percent in 1992. Decreases in petroleum, gas, and 
nuclear-fired generation and a 1.8 percent increase in 
electricity demand will offset the impact of the sluggish 
economy on coal demand. In 1993, a stronger economy, and 
growing electricity demand cause electric utility coal demand 
to increase by 2.5 percent. 

ENERGY MODELING FORUM SHOWS VARIETY OF 
VIEWS ON OIL PRICES 

The 11th Energy Modeling Forum (EME) working group 
met in September 1991 to compare alternative perspectives 
on international oil supplies and demands through 2010 and 
to discuss how alternative supply and demand trends in-
fluence the world's dependence upon Middle East oil. The 
model results guided the group's thinking about many impor-
tant long-term market relationships and helped to identify 
differences of opinion about future oil supplies, demands, 
and dependence. 

The 11 world oil models used in this study were developed to 
prepare long-term projections of oil prices, oil production, 
and oil consumption and to study changes in these variables 
under alternative scenarios. They incorporate the behavior 
of three distinct types of decision makers: oil consumers, oil 
producers outside the cartel, and oil producers within the car-
tel. Most models report prices and supply-demand balances 
annually and focus exclusively on world oil markets. Alterna-
tive fuel prices and interfuel substitution are not explicitly 
represented. Instead, competing fuel prices in the future are 
assumed to change with oil prices as they have in the past. 
The response of oil demand to changes in these other fuel 
prices is also based upon historical experience. 

Dependence Upon Middle East Oil Increases 

The EMF results from the different models led to several 
key conclusions about the world's dependence upon Middle 
East oil:

Dependence upon Middle East oil will grow in the 
future, despite widely different views on the future 
levels of prices, supplies, and demands. This grow-
ing dependence will increase the exposure of the 
world economy to the substantial insecurity of oil 
supplies characteristic of this region. 

The share of oil imports will rise in many major 
energy-consuming countries. Even with higher oil

prices (Figure 1), about 2 of 3 barrels consumed 
within the United States are likely to be imported 
by 2010. 

Growing dependence upon Middle East oil sup-
plies probably cannot be halted or reversed even if 
oil prices within the non-OPEC oil-consuming na-
tions were to be greatly increased through taxation 
or other incentives. For this reason, policies for 
limiting oil imports are likely to be insufficient for 
eliminating or containing this dependency. Policy 
measures may also need to include oil stockpiles, 
monetary and federal tax policies for stabilizing the 
economy, and other measures to help the economy 
adapt to future price shocks caused by instability in 
oil supplies. 

Oil Demands and Supplies 

These conclusions about dependency are robust across a 
range of alternative demand and supply projections. Major 
conclusions about differences in demand and supply trends 
include the following: 

After many years of changing energy prices, fluctuating 
economic growth and shifting government policy, there is 
little agreement about how these factors will affect the rate 
of increase in future demand. While projected oil demand in 
the market economies is virtually stagnant or grows modestly 
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by 2000 in some models, it grows briskly in others. Although 
the wide range in projections is disconcerting, the existence 
of fundamentally different views can be expected. Analysts 
assign different values to demand responses to price, 
economic growth, and technical change. They must draw 
these values from a limited historical experience containing 
several sharp shifts in trends for price, economic growth, and 
oil quantities. 

Projections at the higher end of the spectrum hold that oil 
demand will grow proportionally with economic growth if oil 
prices remain unchanged. In addition, they indicate Sing oil 
intensity over the next 5 years because recent prices (after 
adjusting for inflation and excluding the price spike during 
the Iraqi invasion of Kuwait) have been below previous 
prices during the 1970s and early 1980s. Because oil demand 
adjusts only gradually to price changes, the price declines 
during the late 1980s will continue to stimulate oil demand 
growth during the 1990s. 

Conversely, demand projections at the lower end show con-
tinued improvements in oil efficiency even without higher oil 
prices. They also project little additional stimulus to future 
demand resulting from the price declines of the 1990s. 

After many years of changing oil prices, fiscal policies of oil-
producing countries, and regulatory regimes, there is little 
agreement about how these factors will influence the level of 
future oil supply. There is agreement that United States sup-
plies will fall regardless of price assumptions because new 
reserves will be increasingly more expensive. Outside the 
United States, resource costs appear to be less important 
than institutional constraints such as infrastructure, taxation, 
and government ownership of oil-producing enterprises. 
Projected supplies in these less mature regions either grow 
or remain relatively stable. Given data constraints and the 
immense political and economic uncertainty in the USSR, 
the study has not addressed the potential for net Soviet oil 
exports. While the bleak economic and political outlook por-
tends declining oil exports over the next few years, a 
favorable resolution of these conditions could make the 
USSR an important source of additional world oil supplies in 
the longer term. 

When oil prices are held constant at US$19 over the 1989 to 
2010 period, the projected supply and demand levels in all

models reveal strong pressures for OPEC members to either 
expand production rapidly or increase prices. The median 
result calls for OPEC to expand production by 5.2 percent 
per annum between 1990 and 2000 to meet the oil demand 
generated by world economic growth of about 2.9 percent 
per annum. Many oil analysts think that OPEC would not 
increase production so quickly, requiring higher prices to 
reduce world demand and increase production outside 
OPEC. Over the next decade, a combination of factors 
could reduce the call on OPEC, and hence the pressure for 
higher prices, below the range estimated here. It becomes 
much more difficult to sustain this price path through the 
next 2 decades, requiring either significantly less cooperation 
among OPEC members or very early development of inex-
pensive unconventional oil supplies at prices substantially 
below those considered likely today. 

In these models, oil consumers respond to gross domestic 
product, energy-saving trends in technology or economic 
structure (if present), and oil prices. Shifts in the economies' 
structures are seldom incorporated explicitly, because each 
region's economy is represented as one aggregate sector. 
The response of oil producers outside the cartel is governed 
by assumptions about trends in resource depletion and tech-
nology in addition to oil prices. By basing parameter values 
on historical experience, most models assume that past 
regulatory policies will be continued into the future. Some 
models may adjust these responses to reflect expected 
changes in regulation and fuel substitution. 

Many existing models focus on oil only, giving limited atten-
tion to interfuel substitution issues. They implicitly assume 
that other fuel prices move with oil prices and that interfuel 
substitution responses will be as they have been in the past. 
Environmental policies and more abundant natural gas sup-
plies can alter both of these relationships, dramatically chang-
ing the oil market picture. Natural gas can be convened to 
close substitutes for oil, such as compressed natural gas and 
methanol to fuel vehicles. It can also be used to replace oil 
for power generation. While the models cannot incorporate 
all the technical and economic factors that may influence 
these decisions, some capability to handle these broader 
types of issues will become increasingly important.

- 
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ENVIRONMENT 

DRAMATIC REDUCTIONS IN CARBON DIOXIDE 
EMISSIONS WOULD BE DETRIMENTAL TO THE 
ECONOMY 

A United States Department of Energy (DOE) study shows 
that an effort to achieve dramatic reductions in carbon 
dioxide emissions could require a substantially increased 
taxes on gasoline and other fuels with severe economic conse-
quences. 

United States Secretary of Energy J.D. Watkins said: "This 
study points out the very high costs to our economy of the 
large carbon dioxide emission reductions some are advocat-
ing. Given these high costs, given the uncertain state of our 
knowledge about how greenhouse gases affect global climate 
change, and given the limited effect that action by any one 
nation can have on global greenhouse gas emissions, ar-
bitrary emission reduction targets such as those studied here 
are clearly unwarranted." 

The DOE study, "Limiting Net Greenhouse Gas Emissions 
in the United States," responds to a request from Congress 
for an analysis of options that would cap national carbon 
dioxide emissions at 20 percent below recent levels by the 
year 2000 and at 50 percent below recent levels by 2010. 

According to the report, capping carbon dioxide emissions at 
20 percent of 1990 levels would cost $95 billion a year in the 
year 2000 and would require a tax rate of $500 per metric ton 
of carbon, which would more than double the price of 
gasoline. No carbon tax below $750 per metric ton could 
achieve a 50 percent reduction in carbon dioxide emissions 
by the year 2010, or even by the year 2030, without other 
emission limitation measures being taken. 

Because a $100 per metric ton of carbon tax translates into a 
price increase of $0.26 per gallon of gasoline, a $500 tax 
would increase the price of gasoline by about $130 per gal-

Ion. A $500 per metric ton of carbon tax would increase the 
price of a gallon of heating oil by $1.45, and raise the cost of 
crude oil and wellhead natural gas by 350 percent and 
400 percent, respectively. 

Economic effects were evaluated using macroeconomic 
models. Reducing carbon dioxide emissions by 20 percent by 
the year 2000 (with no credit for tree planting) would reduce 
the size of the United States economy in that year by 
1.4 percent. This reduction in the size of the economy would 
be accompanied by substantial sectoral shifts in employment, 
with losses of employment in the coal industry in particular. 
The maximum tax modeled in the analysis, $750 per metric 
ton of carbon, was unable to reach a 50 percent carbon emis-
sions reduction in 2010. 

Application of the Congressional reduction goals to net emis-
sions of all greenhouse gases, rather than to carbon dioxide 
alone, can lower these costs. However, results for such cases 
depend on the specific index of global warming potential 
(GWP) used to put emissions of different gases on a com-
parable basis and on assumptions regarding the availability 
of land for a massive tree-planting program. The DOE 
report uses the GWP index from the 1990 Scientific Assess-
ment of the Intergovernmental Panel on Climate Change. 

The DOE study is the fourth of four global climate reports 
requested by Congress in a 1989 appropriations bill. The 
first, a compilation of policy options to encourage private ac- 
tions, was published in the fall of 1989. The second, on 
federal data collection efforts related to greenhouse gas emis-
sions, was published in July 1990. The third, sent to Con-
gress in August 1990, was a National Research Council 
report on alternative energy research and development 
strategies.
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GENERAL PUBLICATIONS/PATENTS 

GENERAL - PATENTS 

"Process for the Hydrogenative Conversion of Heavy Oils and Residual Oils, Used Oils and Waste Oils, Mixed with Sewage Sludge," 
Klaus Kretschmar, Metz Ludwig, Klaus Niemann - Inventors, Veba Oel Technologic GmbH, United States Patent Number 5,064,523, 
November 12. 1991. Process for the hydrogenative conversion of heavy oils and residual oils, used oils and waste oils, mixed with 
sewage sludge in a typical liquid phase hydrogenator with gases containing hydrogen, with the addition of a finely ground substance 
that preferably has a large internal surface area, as additive. The additive is added in two different particle size ranges so that a por-
tion of the additive is present as a fine particle size fraction with a particle size of 90 Mum or less and another portion as a coarse par-
ticle size fraction with a particle size of 100 to 2,000 Mu m, preferably 100 to 1,000 Mu m with the procedure being carried out with a 
weight ratio of raw oils to sewage sludge used of 10:1 to 1:1.5. Cánversion of vacuum residue of a Venezuelan heavy oil with the addi-
lion of 2 percent weight of lignite coke as additive and with the admixture of 10 percent weight industrial or municipal sewage sludge 
in a liquid phase hydrogenator to obtain useful liquid products in particular, and extensive conversion of the organic fractions of the 
sewage sludge. 

"Indirectly Heated Thermochemical Reactor Apparatus and Processes," Kanda-Swamy, Durai-Swamy Momtaz N. Mansour, David 
W. Warren - Inventors, Manufacturing and Technology Conversion International Inc., United States Patent Number 5,059,404, Oc-
tober 22, 1991. Resonant tubes of a pulse combustor are immersed in a bed of solid particles in a reaction zone to provide indirect 
heat from the pulsating combustion gases to the solid particles of the bed. The bed is maintained in an agitated state by a gas or 
vapor flowing through the bed. Reactant materials are introduced into the agitated bed and undergo reaction at enhanced rates 
resulting from heat transfer coefficients at least about twice as high as those of steady flow combustors and an intense acoustic pres-
sure level propagated from the pulsating combustor into the reaction zone. The apparatus is useful, for example, to steam reform 
heavy hydrocarbons and to gasify carbonaceous material, including biomass and black liquor to produce combustible gas at relatively 
low temperatures, with steam being utilized as the bed fluidizing medium. Black liquor gasification, utilizing sodium carbonate as 
bed solids, results in liquor energy and chemical content recovery without smelt production. 
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COMING EVENTS 

1992 

APRIL 1-3, STRASBOURG, FRANCE - The Rational Use of Energy and the Environmental Benefits 

APRIL 5-10, SAN FRANCISCO, CALIFORNIA - American Chemical Societ y 203rd National Meeting 

APRIL 7-8, LONDON, UNITED KINGDOM - Seventh Annual Energy Pros pects Conference: Post-Soviet Republics and 
Eastern Europe 

APRIL 7-9, DORTMUND, GERMANY - International Conference on Next Generation Technologies for Efficient End Uses and 
Fuel Switching 

APRIL 13-15, CHICAGO, ILLINOIS— 54th American Power Conference 

APRIL 20-23, PRAGUE, CZECHOSLOVAKIA - Ener gy and Environment: Transitions in Eastern Europe 

APRIL 21-22, GOLDEN, COLORADO - 25th Oil She Symposium 

APRIL 21-24, TULSA, OKLAHOMA - Eighth Symposium on Enhanced Oil Recovery 

APRIL 21-24, BOULDER, COLORADO - 19th Annual Ener gy Conference on Energy. Economics and Environment 

APRIL 22-24, TULSA, OKLAHOMA - Ei ghth Symposium on Enhanced Oil Recovery 

APRIL 28-MAY 1, CLEAR WATER, FLORIDA - 17th International Conference on Coal Utilization and SlurrvTechnolorjes 

APRIL 28-MAY 1, CHARLESTON, SOUTH CAROLINA - Alternate Ener gy 1992 

MAY 4-7, CLEARWATER, FLORIDA - Third International Symposium on the Biological Processin g of Coal 

MAY 5-6, MORGANTOWN, WEST VIRGINIA - Natural Gas Research and Development Contractors Review Meeting 

MAY 5-8, FUSHUN CITY, CHINA - International Symposium on Heavy Oil and Residue Upnading and Utilization 

MAY 10-14, GOLD COAST, QUEENSLAND, AUSTRALIA - 1992 Australian Coal Conference 

MAY 11-15, GATLINBURG, TENNESSEE - 14th Symposium on Biotechnology for Fuels and Chemicals 

MAY 20-21, KANANASKJS, ALBERTA, CANADA - 10th Anniversary Conference of the H ydrogen Industry Council 

JUNE 1-4, COLOGNE, GERMANY - 37th International Gas Turbine and Aeroenaine Con gress and Exhibition 

JUNE 7-10, CALGARY, ALBERTA, CANADA- Petroleum Society of CIM 43rd Annual Technical Meeting 

JUNE 7-12, FLORENCE, ITALY - Florence World Energy 

JUNE 11-12, CALGARY, ALBERTA, CANADA - AOST'RA and Canadian Heavy Oil Association 1992 Conference 

JUNE 15-18, ZARAGOZA, SPAIN - ECOS '92: International S ymposium on Efficiency. Q1 Optimization and Simulation of 
Energy Systems 

JUNE 17-20, COLORADO SPRINGS, COLORADO - National ci Association Annual Convention 

JUNE 22-26, ESSEN, GERMANY - International Conference on Carbon: Carbon 92
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JULY 14-15, MORGANTOWN, WEST VIRGINIA - Fuel Cells Contractors Review Meeting 

AUGUST 3-7, SAN DIEGO, CALIFORNIA - 27th Intersociet y Enerey Conversion Engineerine Conference 

AUGUST 4-7, WINTER PARK, COLORADO - Confab Q A Fossil Fuel Meeting 

AUGUST 9-12, MINNEAPOLIS, MINNESOTA - American Institute of Chemical En gineers Summer Meeting 

AUGUST 23-28, WASHINGTON, D.C. - American Chemical Society National Meeting. Division of Fuel Chemistry 

AUGUST 31-SEPTEMBER 4, BISMARCK, NORTH DAKOTA - Symposium on Opportunities in the Synfuels Industry 

SEPTEMBER 1-3, HOUSTON, TEXAS - 	 ASME Cogen-Türbo Power Congress and Exposition 

SEPTEMBER 4-5, EDMONTON, ALBERTA, CANADA - H ydrocarbon Residues and Wastes Conversion and Utilization 

SEPTEMBER 15-17, MORGANTOWN, WEST VIRGINIA - Gasification Contractors Review Meeting 

SEPTEMBER 15-17, MAASTRICHT, THE NETHERLANDS - Coal and Power Technology Exhibition '92 

SEPTEMBER 20-25, MADRID, SPAIN - World Energy Council. 15th Congress 

SEPTEMBER 28-30, LONDON, UNITED KINGDOM - Second International Cokema]cing Congress 

OCTOBER 12-16, ROME, ITALY - Second International Con gress on Enemy, Environment and Technolo gical Innovation 

OCTOBER 12-16, LENINGRAD, USSR - International Symposium on Unconventional Hydrocarbon Sources 

OCTOBER 13-14, MORGANTOWN, WEST VIRGINIA - jjj En gines Contractors Review Meeting 

OCTOBER 18-21, CHICAGO, ILLINOIS - American Gas Conference 

OCTOBER 18-22, ATLANTA, GEORGIA - ftit Power Generation Conference 

NOVEMBER 1-6, MIAMI BEACH, FLORIDA - American Institute of Chemical Engineers Annual Meeting 

NOVEMBER 8-10, NEW YORK, NEW YORK - Annual Meetin g of the American Petroleum Institute 

NOVEMBER 16-19, ORLANDO, FLORIDA - 1992 International Gas Research Conference 

NOVEMBER 18-20, LEXINGTON, KENTUCKY - Eastern Oil Shale Symposium
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PROJECT ACTIVITIES 

COMMERCIAL MODULE INAUGURATED IN BRAZIL 

Brazil's first industrial oil shale plant, inaugurated in 
January, is scheduled to begin production in May 1992. Lo-
cated at Sao Mateus do Sul in Brazil's Parana state, the plant 
is expected to have a daily production rate of 3,870 barrels of 
oil (at a cost of $22.50 per barrel), 140 metric tons of fuel 
gas, 50 metric tons of liquid propane gas (LPG), and 
98 metric tons of sulfur. The plant is being managed by 
Petrobras' (Brazil's oil company) Superintendency for Shale 
Industrialization (SIX). 

The plant, called the President Getutiovargas Refinery, will 
convert oil shale into petroleum products. The fuel gas will 
be consumed by the plant and local ceramics industry. LPG 
will be distributed in the vicinity. The sulfur will be used by 
Brazil, reducing its sulfur imports from 90 percent of the na-
tions requirements to 5 percent. 

Petrobras is focusing on shale reserves in the Irati Formation 
(140 square kilometers). The reserve holds an estimated 
700 million barrels of oil, 17 million barrels of condensate 
(extremely light oil), 9 million metric tons of LPG, 25 billion 
cubic meters of gas, and 18 million metric tons of sulfur. 

Brazil shale deposits are the second largest in the world, 
topped only by the United States. They hold an estimated 
800 billion barrels of oil. Petrobras has developed new tech-
nology called Petrosix, to exploit the shale rock. The 
Petrosix process may also be used by other nations. Cur-
rently, talks are being held in the United States to consider 
its potential there. Estonia, Canada, Australia, China, Israel, 
and Morocco may also be interested in using the technology, 
according to Petrobras.

fl## 

SOUTHERN PACIFIC PETROLEUM REPORTS 
PROGRESS ON STUART PROJECT 

Southern Pacific Petroleum (SPE) and its associate Central 
Pacific Minerals (CPM) continue to concentrate their 
resources upon the Stuart oil shale project near Gladstone, 
Australia. During the past year considerable engineering 
and financial data have been organized. The information is 
summarized below. 

The Stuart project engineering and cost estimates were con-
firmed, independently, by two international engineering 
groups. Both sets of engineers also agreed that the Alberta 
AOSTRA-Taciuk processor is technically appropriate and 
cost effective for retorting Queensland oil shale.

The Australian Government announced that Stage 1 of the 
Stuart project would be designated an "approved shale oil 
demonstration plant." Under this category, the project will 
be exempt from product excise tax on up to 600,000 barrels 
per year of gasoline derived from its shale oil production 
through the year 2005. 

SPP/CPM filed a formal application for the conversion of a 
portion of the Stuart exploration tenements to a Mining 
Lease. By doing so, the necessary Queensland Government 
approvals for the Stuart Stage 1 project have been initiated. 

A definitive Stage 1 construction proposal containing all 
necessary provisions required for detailed discussions with 
potential coventurers was received from the selected en-
gineering construction group. 

Financing confirmation was received from the bankers. 
Based on the proposals, Stuart Stage 1 should be able to sup-
port project debt financing. Additional equity is being 
sought for the project from Australian and international 
sources.

##11 

RUNDLE PROJECT STATUS UPDATED 

Because of low world oil prices, the Rundle Oil Shale Project 
work program remains at a reasonable but lower level of ac-
tivity. A project status update was provided by A.H. LePage 
at the Sixth Australian Workshop on Oil Shale held in 
December. Given the development of the Exxon shale 
retort processing of Rundle shale during the 1980s and the 
extensive research behind it, the Rundle work program has 
recently concentrated on upgrading this processing and fur-
ther development of the Rundle environmental, land and 
resource management tasks. 

Resources for the project have been evaluated using the 
wireline logging data with predictive geophysical models. 
Work began with Curtin University to assess techniques to 
make better use of the large and varied amount of geophysi-
cal data on Rundle. Currently, only limited interpretive 
work has been done on these data. The study potentially will 
optimize the available data, while minimizing the core drill-
ing by intermediate wireline logging in final detailed mine 
planning. 

Rundle's work program incorporates some Commonwealth 
Scientific and Industrial Research Organization (CSIRO) 
Division of Coal and Energy Technology work on shale 
drying in combustor gas, and S02/NO control in combus-
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tion. This work corresponds to further refinement of shale 
processing and improvement of the environmental aspects of 
processing. 

Also with CSIRO's Division of Coal and Energy Technology, 
the Rundle work program includes work on production of 
hydrogen for shale oil upgrading. In addition, studies on 
microwave shale retorting (University of Wollongong) indi-
cate improved shale oil quality (lighter and lower in sulfur) 
to that provided by conventional retorting. 

Rundle has supported a joint study in the United States on 
Rundle shale oil upgrading and product quality testing. The 
effort is focused on optimizing the upgrading process and the 
product quality, which is important for shale oil to be incor-
porated into refinery crude slates. Optimum plant configura-
tions and conditions are being identified for the shale oil 
upgrading to desirable product.

The environmental studies program for Rundle is developing 
acid leachate formation mechanisms from spent shale and 
mining wastes. This includes research into the formation of 
reduced sulfur species and their subsequent oxidation to 
finally form acid leachate. With the mechanism of formation 
understood, then ways of minimizing and controlling acid 
leachate may be found. 

In conjunction with the environmental studies, Rundle has 
developed an evaluation of post-mining land utilization as 
part of long-term rehabilitation planning. Rundle's develop-
ment plan may also be extended to include sensitive areas 
such as the coastal and wetland areas. It is critical for shale 
development that industry and land sensitivity is properly 
balanced.

#1St 
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CORPORATIONS 

OIL SHALE COMMITTEE PROPOSES NATIONAL 
PROGRAM 

The coalition of private industry and government officials 
from Colorado, Utah, and Wyoming known as the Oil Shale 
Action Committee has proposed a national oil shale 
program. The plan of action calls for a long-range national 
investment into oil shale development to counteract the 
present curtailment of activities. 

The Committee advocates using the $285 million in federal 
subsidies from the Unocal contract that remain uncommitted 
since the operation's closure, to support a national oil shale 
program over the next 5 to 10 years. This could lead to not 
only preserving capabilities already in place, but to the 
development of a commercially viable shale industry without 
the need for further government assistance. 

In such a program, the government's role as a facilitator for 
technology development would be two-fold: rust, removing 
impediments to commercialization in the West, and second, 
diversifying the technological options available in the East. 
In both instances, the program recognizes the need to con-
duct development activities beyond the bench scale. So 
doing requires at least one active (or easily activated) site in 
both the West and the East where oil shale research can be 
conducted at the pilot and/or semiworks scale. Accordingly, 
says the committee, a reasoned and directed national oil 
shale program should include: 

Engineering and cost evaluations of potential oil 
shale sites—one Western and one Eastern—capable 
of supporting oil shale research through and includ-
ing semiworks operations. Such investigations 
would also include an evaluation of potential capi-
tal and operating cost advantages associated with 
operating national oil shale research centers as a 
collateral function to privately owned and operated 
demonstration or commercialization facilities. 
While such investigations are not restricted to a 
single site, the committee suggested that particular 
emphasis should be given to the Unocal site in 
Colorado and to the Addington sites in Kentucky. 

Engineering and scientific investigations to define 
retort configurations and processing configurations 
appropriate to producing nonfuel products from 
shale oil. Such studies should include, but not 
necessarily be limited to, studies to identify such al-
ternate shale oil derived products, studies to assess 
the commercial feasibility of producing such 
products, bench and pilot plant experiments 
designed to provide engineering and cost data for

producing these products, and test market 
programs designed to assess the risks associated 
with marketing these products. 

Engineering and scientific investigations to define, 
develop, and refine advanced retort configurations 
and processing conditions particularly appropriate 
to maximizing the production of nonfuel products 
from shale oil and/or minimizing the cost and com-
plexity of processes for producing shale oil from 
both Western and Eastern resources. Such studies 
would include, but not be limited to, fluidized and 
moving beds of solids, novel processing schemes 
involving rapid pyrolysis or hydropyrolysis of shale, 
unique configurations of moving, fluid, and 
entrained flow retorts, and a diversity of liquid and 
donor solvent extraction technologies. 

For fiscal year 1993 the Committee recommends 
$19.5 million with $5.0 million allocated for the engineering 
studies relative to Western and Eastern site selection, 
$4.5 million allocated for studies related to nonfuel products 
from shale oil, and $10.0 million allocated for the continua-
tion and expansion of the technological options available for 
oil shale retorting. 

Several firms have the qualifications, experience, and interest 
in initiating such a program immediately. As a result the fol-
lowing specific program was recommended: 

- $2.0 million to Stone and Webster to conduct en-
gineering and cost studies 

- $2.0 million to Geokinetics and Cleveland Cliffs to 
develop mining plans and costs. 

- $1.0 million to Western Research Institute to con-
duct environmental studies 

- $2.5 million to New Paraho Corporation to conduct 
shale oil modified asphalt test marketing activities 

- $1.0 million to Bunger and Associates for shale oil 
products development 

- $4.0 million to Lawrence Livermore Labs to con-
tinue retort development for Western shales 

$4.0 million to the Institute of Gas Technology and 
the Kentucky Center for Alternative Energy 
Research for continued retort development for 
Eastern shales 

SYN'fllE'flC FUELS REPORT, MARCH 1992 
2-3



$2.0 million to Western
	 During the 1991 Colorado legislative session, the Committee 

development of advanced
	 worked on numerous bills of concern to the shale industry, 

Eastern and Western shales	 primarily in the area of water quality. 

RMOGA OIL SHALE COMMITTEE SUMMARIZES 
COLORADO OIL SHALE STATUS 

The Rocky Mountain Oil and Gas Association's Oil Shale 
Committee has been active during the past year primarily in 
Colorado, representing the oil shale industry before the 
Colorado Legislature, Water Quality Control Commission, 
and the Air Quality Control Commission. 

In its Annual Report for 1991, the committee notes that 
while the announcement in March that Unocal was suspend-
ing operations at its Parachute, Colorado, facility meant the 
cessation of the last large shale facility in Colorado, much 
remains to be done in the future to protect the huge invest-
ments which the shale industry retains in the Western United 
States. Even though commercial production will not be real-
ized in the near future, the companies which comprise the 
membership of the Oil Shale Committee still hold title to 
hundreds of millions of dollars of property which can be ad-
versely affected by new legislation and regulations. The 
Committee will therefore remain active to protect the inter-
ests of its members. 

Unocal Corporation announced on March 26 plans to 
suspend production operations at its Parachute Creek plant 
on June 1, 1991, citing negative cash flows due to limited oil 
output. The Unocal project was in operation for 5 years, and 
produced nearly 4.5 million barrels of synthetic crude, mark-
ing the largest shale operation in United States history. 

Unocal's announcement followed a January announcement 
by Occidental that it was canceling its Colorado shale com-
mercialization project. Occidental restructured its corporate 
operations to center on its oil, gas and chemical businesses. 

The Oil Shale Committee urged Energy Secretary J. Watkins 
to acquire a suitable Western oil shale field test site for use 
in furthering research into potential shale oil technology. 
Preliminary testing results from the Paraho Corporation 
show that shale oil modifiers may substantially improve the 
longevity of asphalt roadways. The testing involves laying 
down test strips of asphalt in Utah, Colorado and Texas.

LAWRENCE LIVERMORE LAB INKS JOINT VENTURE 
RESEARCH AGREEMENT 

Lawrence Livermore National Laboratory and several 
United States oil companies announced in February the sign-
ing of a Cooperative Research and Development Agreement 
to combine their efforts to advance and refine oil shale tech-
nology, and thereby reduce the cost of producing liquid fuels 
from oil shale. Unocal is also expected to join. 

The 3-year agreement was signed by the Laboratory and 
Amoco Corporation, and partners Chevron Shale Oil Com-
pany and Conoco Shale Oil Inc. as their Shale Oil Semi-
works Joint Venture. 

This agreement is the first of its kind for Lawrence Liver-
more and will combine the efforts of the laboratory with 
those of industry to advance alternative fuels technology. 
Oil shale research at Lawrence Livermore is funded by the 
United States Department of Energy ($4 million for fiscal 
year 1992) through the Morgantown Energy Technology 
Center, which has provided strong support in developing this 

Under the agreement, the industrial participants, 
whom have extensive oil shale experience, will each 
tribute a minimum of $100,000 annually as well as a 
direction and evaluation of the research as it proceeds. 

A 4-ton per day, hot recycled solids retort, which extracts 
shale oil from shale by a thermal process developed by 
Lawrence Livermore, and other facilities at the lab, will be 
used for experimental work during the next 3 years. 

Additional work will be required before the technology is 
fully developed for commercial application. During this 
study period the appropriate next steps required to further 
develop this technology will be identified.



GOVERNMENT 

COLORADO SENATOR WIRTH URGES SUPPORT FOR 
OIL SHALE 

In January Colorado Senator T. Wirth were to the United 
States Secretary of Energy concerning the future of oil shale 
development and research in Colorado and the United 
States. Part of the text of his letter follows: 

As you know, oil shale's potential as a contributor to our 
energy policy has been fraught with boom and bust cycles. 
The attractiveness of shale oil as a viable energy option has 
hinged on the price fluctuations of petroleum on the interna-
tional market and on the complex and expensive tech-
nologies required to extract oil from shale rock. Nonethe-
less, the oil shale industry has remained resilient throughout. 
In fact, a number of oil shale projects have been developed 
in Colorado, both for research purposes and as a supply of 
high quality aircraft fuel. 

However, the oil shale industry in Colorado has run into par-
ticularly difficult times recently. Specifically, Occidental Oil 
Shale, Inc., which had a significant research program under 
way in Colorado, has terminated its $8 million research 
project. In addition, the Unocal retorting operation in 
Parachute Creek, Colorado, has decided to terminate its ac-
tivities resulting in the possible surrender of $285 million still 
available under its contract with the Synthetic Fuels Corpora-
tion. 

Both of these actions will significantly affect the economic 
and social well-being of communities along the Colorado 
Western Slope as well as the future of oil shale research and 
development. These oil shale activities, along with a host of 
other energy industries, support a large number of jobs and 
are major contributors to the local economies. Conse-
quently, the wholesale shutdown of the oil shale industry

which these actions portend bode ill for Colorado's energy 
economy and oil shale's contribution to our long-term energy 
security. 

That is why! am writing today to urge you to support new in-
itiatives that would continue to make oil shale a viable 
energy alternative. Specifically, I urge you to support the fol-
lowing proposals: 

I am concerned that if Unocal decides to terminate 
its Synthetic Fuels Corporation contract and sur-
render the remaining unused funds, that the 
Department of Energy may recommend reallocat-
ing this $258 million for uses other than oil shale. 
If Unocal does decide to surrender the funds 
remaining on its contract, I urge you to continue to 
earmark these funds for future oil shale research 
and development projects. 

In addition, should Unocal decide to continue its 
contract with the Synthetic Fuels Corporation until 
its expiration, I urge you to remain flexible and 
receptive to reasonable alternative proposals, 
either from Unocal itself or other proponents, for 
the use of the unspent Unocal oil shale dollars. 
The transfer of these dollars to other viable entities 
could continue our investment in domestic energy 
resources and technological advancement. 

It is my hope that you will express your willingness to sup-
port continued research and development of oil shale so as 
to preserve the options available to Unocal and the future 
use of its facilities. I hope you agree and recognize the pos-
sibilities still available for oil shale. 
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ECONOMICS 

BENEFICIATION FOUND ECONOMICALLY 
UNFAVORABLE FOR EASTERN OIL SHALE 

To investigate the economic feasibility of both beneficiated 
and raw oil shale processing, the United States Department 
of Energy (DOE) and EG&G WASC, Incorporated, con-
ducted studies on Eastern oil shale. A paper by Li. Shadle 
et al., was presented at the 1991 Eastern Oil Shale Con-
ference held in November. 

A nominal 50,000 barrel per day fluidized bed retort process 
was simulated using the Advanced Simulator for Process En-
gineering. The retorting process was modeled for raw and 
beneficiated Kentucky, New Albany oil shale. The process 
using beneficiation included grinding shale to smaller than 
20 micrometers and concentrating it by froth flotation. It 
was found that adding shale beneficiation to the process 
reduced capital cost due to fewer retort trains, but increased 
operating costs due to material handling and beneficiation 
costs. Lower byproduct credits resulted in a substantial rise 
in production cost. Byproduct credits for electrical power 
and sulfuric acid had a major role in determining the 
economics of these Eastern oil shale plants. Also, improve-
ments were made to simulate the sulfur retention in the 
spent shale, which significantly impacted the amount of sul-
furic add produced. 

Sensitivity analyses were conducted on the effect of shale 
grade and sulfur content on costs. The calculated produc-
tion costs dropped 17 percent with increasing shale grade 
from 11.8 to 15.6 gallon per ton. Upon beneficiation the 
production costs decreased to a greater extent as grade in-
creased compared to their parent shales. Varying the shale 
sulfur content had an even greater effect on total production 
cost than did shale grade. The calculated production cost 
dropped 60 percent with an increase in the shale sulfur con-
tent from 2.4 to 7.8 percent weight due to higher byproduct 
credits. 

Background 

Several recent reports have suggested that beneficiation of 
Eastern oil shale can improve the economic prospects for 
developing this resource to produce synthetic fuels. The 
economic analyses in these studies did not include the costs 
of each step in the process such as mining, crushing, opera-
tion of a bëneficiation plant, and disposal of the solid wastes. 
However, Foster Wheeler recently completed a series of con-
ceptual designs with a detailed cost analysis of the complete 
shale process. The most recent of these conceptual designs 
was for the fluidized-bed retorting of Eastern oil shale. The 
authors concluded that Devonian shales exhibited a produc-
tion cost advantage over the richer resources from the Green 
River Basin as a result of the added value from byproducts, 
primarily sulfuric acid (H2SO4) and excess electric power.

The Shadle et al., paper reassesses the process chemistry 
used earlier and couples the resulting process economics 
with the cost analysis for an efficient beneficiation process. 
The purpose of their study was to evaluate the cost feasibility 
Of processing beneficiated shale from cradle to grave. 

An oil shale retorting plant was designed to produce 
58,000 barrels per day of hydrotreated shale oil. The strategy 
for process assessment was to develop a process flowsheet, 
and then generate detailed process information from 
material and energy balance calculations for each process al-
ternative using the Advanced Simulator for Process Engineer-
ing (ASPEN). These calculations were primarily based on 
existing ASPEN submodels and literature data. The ASPEN 
model used is a modification of the model developed for 
Foster Wheeler's conceptual design of a nominal 
7,000 barrel per day retorting process. In the present study, 
that model was scaled to a nominal 58,000 barrels per day of 
oil production from both raw and beneficiated Eastern 
shales. 

Results 

Capital and operating costs comparisons are shown in 
Table 1 (page 2-7) and Table 2 (page 2-8). 

The beneficiated shale feed (BSF) case had an advantage in 
capital investment over the raw shale feed (RSF) case at the 
same shale oil production rates because of the smaller num-
ber of retorts in the process train. However, the BSF case 
was not competitive in operating cost comparisons. The loss 
was partially due to the cost of materials handling with the 
remainder due to reduced levels of salable byproducts. 

The RSF plant capital investment was $3.84 billion, and its 
operating cost was about $25 per barrel. With the addition 
of byproduct credits, the plant made a profit (net operating 
cost was approximately negative $8 per barrel) with a total 
production cost of $35 per barrel. The RSF plant recovered 
its cost through exceptionally high 112SO4 credits. Electric 
power credits for the ASPEN cases were reduced due to the 
low-quality steam production and use of 20 percent of the 
electricity for in-plant services. Electric power was the only 
market byproduct that either plant could produce in large 
quantities and sell without process penalty. 

The capital investment for the BSF case was $2.96 billion 
and its operating cost was about $35 per barrel. With 
byproduct credits, the net annual operating expense for the 
plant was nearly $16 per barrel making the total production 
cost about $41 per barrel. The BSF case used approximately 
37 percent of its produced electricity for in-plant services. 
The higher in-plant power usage significantly reduced this 
byproduct credit. In addition, the lower levels of sulfur in 
the BSF feed, rather than aiding the process economics, 
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TABLE 1 

PROCESS CAPITAL COSTS
(SMillion) 

F.W. ASPEN Simulation 
Raw Shale Raw Beneficiated 

Feed Preparation 270 303 84 
Beneficiation NA NA 749 
Retorting and Combustion 951 1,034 437 
Oil Upgrading/Gas Treating 336 364 363 
Hydrogen Plant 147 193 209 
By-Product Generation 276 300 127 
Waste Treatment and Disposal 156 182 45 
Total Process Facilities 2,136 2,376 2,014 

Supporting Systems 658 736 303 
Project Contingency 419 467 348 
Total Installed Plant Cost 3,213 3,579 2,665 

Working Capital 216 257 2% 

Total Capital Investment 3,429 3,236 2,961

merely resulted in reducing byproduct credits. Such 
byproduct credits are needed for debt service and operating 
cost recovery. 

The authors conclude that more extensive research should: 

Evaluate byproduct options, in particular, alterna-
tive strategies to dispose of, or market, sulfur 
byproduct streams. 

- Evaluate waste treatment and disposal scenarios 
using bench and demonstration scale tests and as-
sessing the operating and capital costs. 

- Reconfigure beneficiation processes to reduce 
electric power consumption and improve operating 
cost recovery. 

- Use high-grade shales to reduce materials han-
dling, hydrogen production and consumption, and 
inorganic byproduct equipment capital investment.

EXTRACTION OF SHALE OIL COMPONENTS LOOKS 
PROFITABLE 

Introduction 

In order to create an economically viable synthetic fuels in-
dustry, it is becoming clear that some research must be 
directed at market enhancement technologies, in addition to 
the more traditional view of cost reduction (recovery and 
processing) technologies. Recognizing this requirement, 
James W. Bunger and Associates, Inc. (JWBA), in concert 
with the Center for Microanalysis and Reaction Chemistry 
(MARC), at the University of Utah, initiated a program 
aimed at technology for isolation and manufacture of high-
value products from unconventional hydrocarbon resources. 
This is referred to as the Natural Products Extraction (NPX) 
technology. One such initiative is aimed specifically at high-
value products from shale oil. When compared with conven-
tional crude oil, shale oil is characterized by its high percent-
age of heteroatom (N, S and 0) containing molecules, its 
high level of mono- and di-cyclic compounds and relatively 
high percentage of vacuum gas oil. 	 - 

Successful development of a high-value product slate from 
shale oil must focus on those structural characteristics which 
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TABLE 2 

SYNCRUDE PRODUCTION COST 
(Dollars per Barrel) 

F.W. ASPEN Simulation 
Raw Shale Raw Beneficiated 

R.O.M. Oil Shale 9.64 10.11 11.54 
Beneficiation NA NA 13.00 
Consummables 

Natural gas 1.02 2.16 2.17 
Water and Diesel 0.61 0.68 0.19 
Catalyst and Chemicals 1.12 132 037 
Mobile Equipment 0.21 0.25 0.07 

Operating Labor 1.82 1.91 0.54 
Maintenance M&L 735 7.30 5.45 
Insurance and Taxes 1.65 1.64 1.23 
Total Operating Cost 23.42 2537 34.56 

Byproducts Credit 
Elemental Sulur (0.23) (0.24) (0.24) 
Anhydrous Ammonia (0.29) (0.26) (0.26) 
Sulfuric Acid (4.90) (21.70) (5.24) 

Electric Power (15.44) (1138) (13.22) 
Total Credit (20.86) (3338) (19.02) 

Net Operating Cost 2.56 (8.21) 15.54 
Capital Charge 32.40 3234 25.05 

Total Production Cost 3436 24.13 4039

are present in higher concentrations in shale oil than in 
crude oil and which possess proven, or unique, chemical ap-
plications. Separations process technology must be based on 
a fundamental understanding of shale oil composition and 
the relationship of that composition to partitioning during 
separation. 

The JWBA-MARC study was summarized in a paper 
presented to the Fuel Chemistry Division of the American 
Chemical Society in April 1992. The study attempts to iden-
tify and isolate fractions from shale oil of potential market 
value, to confirm a suitable analytical methodology as a basis 
for process and product development, and to delineate the 
economic parameters of market enhancing technology. 

Separation of Shale Oil 

Theoretical arguments suggest that attempts to separate a 
broad molecular weight mixture on the basis of polarity, will 
suffer from lack of definitiveness between molecular weight 
and polarity effects. Therefore, the logical initial step in a

separation sequence is distillation, a process which provides 
fractions of narrower molecular-weight ranges. 

In general, shale oil lacks homology on the basis of distilla-
tion alone, with the notable exception of the concentration 
of paraffins in the 350 to 440°C fraction. 

Distillate fractions may be subjected to liquid-liquid extrac-
tion with polar solvents to separate concentrates according 
to polarity. Candidates for polar solvent separation include 
phenol, furfural, N-methyl-2-pyrrolidone and other polar sol-
vents such as alcohols, ketones, organic and mineral acids, 
and organic bases. Two-phase partitioning was successfully 
achieved with several of these solvent systems. 

Laboratory separations produced 16 specific concentrates 
covering four boiling ranges and four polarities. The overall 
yield and elemental composition of the fractions separated 
are given in Table 1. The elemental compositions of these 
concentrates illustrate the differences achievable with rela-
tively straightforward and inexpensive separations. The 
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TABLE 1 

SUMMARY OF ELEMENTAL COMPOSITION BY FUNCTIONAL CONCENTRATE 

Wt% of 
Concentrate Shale Oil Q fl N S Q 

White Oils and Waxes 13 85.7 13.8 0.05 0.02 0.26 
Aromatic Oils 22 87.0 12.1 0.2 0.6 0.5 
Low-Polarity Nitrogen 

Compounds 35 83.6 10.4 3.2 0.7 3.4 
High-Polarity 

Compounds 30 82.7 10.6 2.8 0.8 3.2

white oils and waxes are extremely low in heteroatoms, in-
cluding sulfur. Oxygen is calculated by difference and is, 
therefore, subject to a wider margin of error. The aromatic 
oil fraction is particularly interesting because it possesses a 
low nitrogen content while constituting a significant portion 
of the shale oil barrel. 

The major fraction is the low-polarity nitrogen compounds. 
These materials are of a higher molecular weight and 
thought to possess carbazolic and aromatic nitrogen. The 
high-polarity compounds are of a lower molecular weight 
and contain acidic, phenolic, nitruic, pyrrolic and pyridinic 
functionalities. 

Product Slate 

Based on the laboratory separations and knowledge of the 
structural types present, a projected product slate for shale 
oil was constructed. The product slate is compared to cur-
rent United States market volumes and prices. 

The product slate includes oils, waxes, aromatic oils, 
aromatics for manufacture of sulfonates, acids, bases and 
resins. Functionalized intermediates are compounds contain-
ing nitrogen or oxygen and which are thought to be of par-
ticular value as starting materials for derivatization to phar-
maceuticals, industrial chemicals and other pure compound 
systems. Pure compounds are those with particularly high 
market value that may be isolatable in a pure form from 
shale oil. Target compounds include nitriles, pyridines, 
quinolines, amines, amides, phenols, naphthols and car-
boxylic acids.

The majority of the anticipated products are targeted for con-
ventional commodity markets for which the market is well 
established. Maximum economic enhancement of a commer-
cial shale oil facility will occur most readily when a large per-
centage of the shale oil product slate addresses large, well-
established markets. The primary questions which remain to 
be addressed in future research relate to the quality of the 
product and the finishing steps that are required to make the 
shale oil products market-acceptable. 

Cost and Profitability Estimates 

An attempt was made to estimate the process costs, and 
from projections of the product value, to estimate the 
profitability of a Shale Oil Native Products Extraction ven-
ture. The feed stream to the process facility is a raw, 
retorted shale oil charged to the facility at $30 per barrel. 

The capacities of the unit operations required to produce the 
product slate shown in Table 2 were estimated based on con-
ceptual flow diagrams. Costs for the unit operations were 
determined from analogy to commercially-practiced tech-
nologies. The results are given in Table 3. 

Results show that process costs of approximately $15 per bar-
rel are anticipated. Results also show that the shale oil bar-
rel is subjected to an average of five process steps to make 
the product slate priceable at the market values given in 
Table 2. Item 7 represents unspecified finishing steps 
through which the entire output of the process facility is 
charges. This represents a contingency to account for cur-
rently unknown process requirements. 

The special applications concentrates represent mixtures of 	 In order to account for marketing and distribution costs, a 
particular properties which make the concentrate marketable	 $5 per barrel charge was added to the operating costs. This 
in its mixed form.	 Examples include industrial an- 	 allows for an average shipping radius of about 500 to 
ti,nicrobials, coatings, wood preservatives, industrial surfac- 	 750 miles. Higher value products, e.g., $100+ per barrel, 
tants and asphalt additives. JWBA projects that less than 	 may be shipped further. Lower value products, e.g., asphalt 
10 percent of the shale oil barrel may require marketing as a 	 additives, may be used locally or regionally. 
fuel or refinery feed.
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TABLE 2 

DEMAND AND VALUE OF PRODUCTS 
(Output of SO/NPX = 3,000 Bbl/Day) 

Market Volume Yield Revenue 
Product	 Tons/Year	 .Lf1Z1	 Wt57b S/Feed-Bbl 

While Oils	 4,575,000 84	 13.3 11.2 
Waxes	 882,000 133	 5.0 6.6 
Aromatic/Lub-

ricating Oils	 9,526,365 60	 30.5 18.3 
Sulfonate Feeds	 333,900 142	 11.7 16.6 
Tar Acids and Bases	 830,000 210	 4.0 8.4 
Resins	 542,000 120	 14.7 17.6 
Functionalized 

Intermediates	 130,000 178	 4.3 7.6 
Special Application 
Concentrates	 500,000 28	 10.3 2.9 

Pure Compounds	 200,000 135	 0.7 0.9 
Fuels and Refinery 
Feeds	 large 15	 5.5 0.8 

Totals 100.0 $90.9/Bbt 

TABLE 3 

ESTIMATED PROCESS COSTS FOR SO/NPX 
(Basis: 1,065,000 Bbl/Year) 

Process 
Cost Throughput Operating Costs 

Unit	 /j Bbl/Y Sm/Yr 

Distillation	 1.5 1,065,000 1.60 
Liquid-Liquid Extraction	 2.7 1,065,000 2.88 
Adsorption	 4.2 958,500 4.03 
Dewaxing	 3.2 95,850 031 
High-Efficiency Separation 	 .4.5 60,705 0.27 
Hydrofinishing	 2.1 777,400 1.63 
Miscellaneous	 4.0 1,065,000 4.26 

Annual Manufacturing Costs $14.98m 

Capital costs were estimated by summing the unit costs Figure 1 shows the capital cost and return on investment as a 
weighted for throughput capacities.	 A capital cost of function of capacity. Figures 2 and 3 provide the sensitivity 
$120 million is projected for the 5,000 barrel per day case. to the weighted average product value and raw shale oil 

costs, respectively. 
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The economic assessments show that an increase in average 
product value rapidly offsets the process and raw material 
costs. According to the authors, the incremental price/cost 
differential suggests that a significant return on investment 
could be made, even if shale oil costs were $40 per barrel. 
Maximum profitability comes from the largest SO/NPX 
facility that the market will bear. 

Based on these results, a projected product slate has been 
constructed with promising economic value. 

FIGURE 1 
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OPTIMIZATION OF STIRRED BALL MILL NEEDED 
FOR SHALE BENEFICIATION 

At the 1991 Eastern Oil Shale Symposium, C.W. Schultz and 
R.K. Mehta from the University of Alabama presented a 
generalized total-cost model for stirred ball milling. Stirred 
ball mill grinding is the highest cost unit operation in the 
beneficiation of Eastern oil shales. Minimization of that cost 
is critical if oils derived by beneficiation and hydrotreating of 
Eastern shales are to become an economic alternative to con-
ventional crude oils. Stirred ball milling offers the operator 
several degrees of freedom in selecting operating conditions. 
An example is the selection of rotor speed. In general, lower 
speeds result in lower energy consumption per ton of

FIGURE 2 
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FIGURE 3 

EFFECT OF RAW SHALE OIL COST
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material ground, but at the cost of reduced mill capacity per 
unit volume. Because stirred ball mills have a high capital 
cost per unit volume, the trade-off between energy consump-
tion and capacity becomes critical. 

Introduction 

Research in the beneficiation of Eastern oil shales has shown 
that to achieve an acceptable level of concentration along 
with high oil recovery requires very fine grinding. For ex-
ample, to prepare a concentrate containing 40 gallons per 
ton with 90 percent oil recovery, the raw shale must be 
ground to d10 micrometers. Grinding to such a size is 
predictably the highest cost unit operation in the mineral 
beneficiation scheme. Hence a major portion of the on-
going beneficiation research addresses the problem of ultra 
fine grinding in a stirred ball mill (SEM). 

Research in this area is formed on two aspects; optimization 
of the integrated grinding/flotation circuit and optimization 
of the operating parameters on a cost basis. 

Capital Costs as a Variable 

Traditional cost accounting practices treat capital costs of 
equipment as a fixed cost. For stirred ball mills, however, 
the capital cost per ton of finished (ground) product is vari-
able because the capacity, at any specified feed and product 
size, is variable. 

The variability of capacity for stirred ball mills results from 
the degrees of freedom in their operating parameters which 
are not present in the operations of conventional mills. 
Most important of these is rotor speed. The rotor speed in a 
SBM is limited only by the size and design of the drive motor 
and not by any physical phenomena occurring in the mill. 
Increases in the rotor speed of a stirred ball mill increase the 
capacity of the mill with a concurrent increase in power con-
sumption per ton of product. 

In addition to mill speed, other degrees of freedom present 
in the operation of a SBM are media size and media composi-
tion. Both factors are being studied at the University of 
Alabama in this on-going cost optimization. 

Total cost optimization as distinct from energy minimization, 
is only important if capital costs per ton are high and if they 
are of the same general magnitude as energy costs per ton. 

The purchased price of SBMs in dollars per liter of mill 
volume drops as mill size increases. No further economics of 
scale can be expected for mills larger than 500 liters. Thus, a 
cost of $460 per liter or $46,000 per 100 liters was used. The 
amortization cost for 100 liters of SBM volume becomes 
$1.23 per operating hour. 

Typically the feed to a SBM is a 53 percent solids slurry fed 
at a controlled rate. A feed rate of 1,000 cubic centimeters

per minute in the 2.7 liter mill corresponds to 1.70 metric 
tons per hour per 100 liters or a capital cost of $0.72 per 
metric ton. 

The same calculation was used to project the capital cost per 
ton of product as a function of feed rate. Capital costs per 
unit of productivity were found to be high enough to warrant 
total cost optimization rather than the previously assumed 
energy minimization. 

Experimental Procedure for Cost Optimization 

The three major cost elements in stirred ball milling are 
energy consumption, media consumption, and capital. Each 
is a variable function of mill operating parameters. Most 
important of these is mill speed. In general, as mill speed is 
increased the energy consumption per ton at a specified 
product size increases, thus lower energy costs favor low 
operating speeds. This can be illustrated by Table 1 in which 
data from an earlier stirred ball milling test are tabulated. 

At constant feed rate the specific energy consumption in-
crease as the rotor speed is increased. Concurrently, the size 
of the product decreases, indicating that the capacity of the 
mill should increase (thereby decreasing capital costs) at con-
stant product size as the rotor speed is increased. Table 2 
indicates that this presumption is correct. In this case rotor 
speed and feed rate were increased simultaneously. At the 
first three speeds the product size is essentially constant. 
Note however, that an increase in specific energy still accom-
panies this increase in rotor speed. The data presented in 
Tables 1 and 2 are for -100 mesh Alabama shale. The data 
shown are for illustrative purposes only. The researchers say 
that current specific energy data are substantially lower. 

These cases illustrate the basic trade-off which must be made 
in optimizing stirred ball milling costs, i.e., energy 

TABLE 1 

DATA SHOWING THE INCREASE IN 
SPECIFIC ENERGY WITH

INCREASING ROTOR SPEED 

Rotor Specific 
Spped Energy Product Microns 
(RPM) (kWh/0 d90 d50 

1400 317.2 103 3.7 
1450 349.9 9.9 3.5 
1500 378.6 9.8 3.5 
1550 4153 9.4 3.4 
1600 445.0 9.2 3.4
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TABLE 2 

DATA SHOWING CAPACITY INCREASE
WITH INCREASING ROTOR SPEED 

Rotor Specific 
Speed Feed Rate Energy Product Microns 
(RPM) (cc/mm.) (kWh/0 d90 dSO 

1450 200 387.5 10.6 3.7 
1500 205 403.5 10.5 3.7 
1550 215 415.8 10.4 3.6 
1600 215 460.2 10.1 3.5

(operating) versus capital costs. To fully optimize it will be 
necessary to first generate individual Charles Law (log E vs. 
log D) relationships for each rotor speed. Hypothetically 
these would be of the form illustrated by Figure 1. Concur-
rently the capacity (feed rate) as a function of product size 
for each rotor speed should be determined. These data 
should be of the general form shown in Figure 2. 

Figures 1 and 2 can be used to establish the energy consump-
tion per ton and the feed rate (mill capacity) at a specified 
size as a function of rotor speed by plotting the intercepts of

the vertical lines, shown in Figures 1 and 2, with the in-
dividual rotor speed curves. The energy consumption per 
ton as a function of rotor speed is then converted to cost per 
ton by multiplying the energy consumption by the current 
cost of electric power. 

Finally, plotting energy costs and capital costs as a function 
of rotor speed should yield curves of the general form shown 
in Figure 3. Because total cost is the sum of energy cost and 
capital cost there will be an optimum (minimized cost) at the 
intersection of the two curves. 

FIGURE 1 
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FIGURE 3 

CAPITAL AND ENERGY COSTS AS A• 

FUNCTION OF ROTOR SPEED 
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The foregoing discussion has omitted any reference to media 
consumption. Media wear on the order of 2 pounds per ton 
have been measured. Wear tests are being incorporated into 
future test plans. Because the curve plotted in Figures I 
and 2 will be different for each different media size one 
would like to plot the curve for largest media size because of 
media size and wear considerations. Generally media wear 
should vary with rotor speed in the same way that energy con-
sumption does, (i.e., high media consumption with high rotor 
speeds). This adds another dimension to the optimization 
procedure but does not change the basic approach. 

Summary 

Capital costs, when reverted to a cost per ton of shale 
ground, are important and must be weighed against the cost 
of consumables (power and media) to achieve a total cost 
optimization for grinding. Following a rigorous cost op-
timization this procedure should contribute to the full under-
standing of the stirred ball milling process and will increase 
the validity of cost estimates for oil shale beneficiation. 

#1St 
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TECHNOLOGY 

HEAVY METAL IONS REMOVED FROM 
BENEFICLATION WASTE WATER BY FERRITE 
PROCESS 

A paper presented at the 1991 Eastern Oil Shale Symposium 
in Lexington, Kentucky in November 1991 summarized 
research on the removal of heavy metal ions from oil shale 
beneficiation process water. R.K. Mehta et al., at the 
Mineral Resources Institute of the University of Alabama 
have found that the process water resulting from oil shale 
beneficiation contains many heavy metal ions, such as iron, 
manganese, nickel, zinc, magnesium and calcium. It is 
reported that more than 80 percent of the process water gen-
erated from grinding and flotation would be used in recovery 
and recycling. Pollution from these heavy-metal-
contaminated waters is harmful and could cause a serious 
problem. General treatment techniques involving precipita-
tion however, have the following drawbacks: 

- Simultaneous treatment of many kinds of heavy-
metal ions is difficult. 

- Solid/liquid separation is difficult. 

- The precipitates formed have the risk of redissolu-
tion in the natural environment. 

The reaction of Fe304-formation by the air oxidation of 
Fe(OH)2 suspensions in an aqueous solution, (which is 
known as the ferrite process) is a widely used method to 
treat wastewaters containing several kinds of heavy metal 
ions. It has been reported that these ions can be completely 
recovered by the ferrite process at moderate temperature 
and pH range. The ferrite precipitate thus obtained can be 
magnetically separated from the solution. The heavy metal 
ions recovered in the ferrite form seem to pose no secondary 
pollution problem because of the low solubility of ferrite un-
der natural conditions. A brief flowsheet for the ferrite 
process is illustrated in Figure 1. 

The application of this technique to recovering heavy metal 
ions from oil shale process water has not been reported previ-
ously. The Alabama researchers discuss the solidification of 
heavy metal ions present in oil shale process water into a 
stable ferrite-sludge, which can be disposed into the environ-
ment without a risk of secondary pollution. This will also 
open doors for the reuse of the ferrite-sludges as useful mag-
netic materials. 

An Alabama oil shale process water having a pH value of 3.0 
was used in a typical experiment under the following condi-
tions: Fe2 /M + molar ratio 3.0; temperature 70°C and pH 
10. Table 1 (next page) depicts the heavy metal concentra-
tion values before and after the ferrite formation. Effective 
removal of heavy metal ions was achieved.

FIGURE 1 

FLOWSHEET FOR THE

REMOVAL OF HEAVY METALS

FROM WASTE WATER 

The resulting oxidation product was examined by X-ray dif-
fraction and electron microscope. The spinel type ferrite was 
formed. The particle size was estimated from electron 
micrographs to be 0.15 to 0.25 microns. The ferrite material 
produced by this reaction showed 52.2 emu/g saturation mag-
netization. 

Mehta et al., concluded that the ferrite process is a potential 
treatment for recovering heavy metals as magnetic material 
from oil shale beneficiation process waste water. 

EASTERN SHALE OIL STUDIED FOR PAVING 
APPLICATIONS 

The uncertain future of petroleum reserves has fueled the 
search for alternate resources. A feasibility study was con-
ducted by the Bituminous Materials Research Section of the 
University of Kentucky to determine potential paving applica-
tions of the oil extracted from Eastern shale by the KEN-
TORT II process. The United States Eastern shale oil 
(ESO) used in this study was separated into two different vis-
cosity portions, designated as 'hard" and "soft" ESO. It was 
hypothesized that the hard portion might enhance the as-
phalt performance by increasing the stiffness. It was dis-
covered that the hard ESO modified asphalt properties 
deteriorate significantly with time. On the other hand, the 
soft ESO was found to exhibit desirable properties in an as-
phalt recycling application. Results of this work were 
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TABLE 1 

TREATMENT OF ALABAMA 
OIL SHALE PROCESS WATER

(Milligrams per Liter) 

Elements Fe Mn Ni Zn Cu Ca Mg 

Influent 995 62.5 26 23.5 0.70 615 725 
Effluent 0.06 0.11 0.10 0.21 0.06 3.5 1.8

reported by K. Mahboub et al. at the 1991 Eastern Oil Shale 
Conference held in Lexington, Kentucky in November, in a 
paper entitled "Feasibility of the KENTORT 11 Eastern 
Shale Oil for Paving Applications." 

Introduction 

The study included a series of binder and mixture charac-
terization procedures for evaluation of both short and long-
term performance potential of ESO in asphalt paving applica-
tions. The two shale oil materials examined were produced 
in a 5-pound per hour KEN'TORT II fluidized bed retort 
operated in an integrated gasification/combustion mode. 
The oil shale sample used to produce these samples 
originated from the Cleveland Member of the Ohio shale 
and was acquired from a freshly exposed outcrop in Rowan 
County, Kentucky. 

The two blends selected for study are believed to represent 
the types of material that would be readily available and 
most likely to be utilized for asphalt production in a commer-
cial retorting operation. 

Binder Modification 

The research was divided into two parts, the first being the 
evaluation of an Eastern shale oil material as an asphalt addi-
tive and the second, the evaluation of using an Eastern shale 
oil material as a softening agent for aged asphalt in asphalt 
pavement recycling. 

The materials used in the asphalt modification for stiffening 
purposes were an AC-20 asphalt and a hard Eastern shale oil 
material. The materials used in the recycling/rejuvenating 
portion of the study were a recovered asphalt extracted from 
a laboratory-aged pavement mixture, a soft Eastern shale oil 
material, and an AC-5 asphalt. Researchers at Texas 
Transportation Institute, Texas A&M University, extracted 
the asphalt binder from a laboratory-aged asphalt pavement 
mixture in accordance with newly developed protocols 
designed for minimizing procedure-related asphalt aging. 
The University of Kentucky researchers reported 8 poise to 
be the viscosity of the soft Eastern shale oil at 60°C. The

hard Eastern shale oil prepared by distillation at the Univer-
sity of Kentucky had a reported viscosity of 3,440 poise at 
60°C. 

The fresh AC-20 asphalt and the hard Eastern shale oil were 
blended at a ratio of 1325:1 (7 weight percent). This ratio 
was selected to represent the current state of practice with 
regard to polymer modified asphalts. The theological 
properties at 25, 45, and 60°C of the original materials and 
the blend were determined before aging. The viscosity-
temperature relationships for these three materials before 
aging are shown in Figure 1. The viscosity of the AC-20 as-
phalt was 3,349 poise at 60°C when a sample was removed 
from the can. At 60°C, the AC-20/hard ESO blend had a vis-
cosity of 2,389 poise and the hard ESO had a viscosity of 
19,390 poise, vastly different than the viscosity of 3,440 poise 
determined by the University of Kentucky when the material 
was prepared. 

It is not uncommon for asphaltic materials to exhibit a small 
increase in viscosity upon storage in closed containers. This 
phenomenon is sometimes referred to as steric hardening 
and is generally destroyed when the sample is heated. The 
cause for the hard ESO to exhibit an increase in viscosity 
from 3,440 poise to 19,390 poise at 60°C and not be 
destroyed by heating is unknown. However, it may be specu-
lated that the material was still quite reactive after the distil-
lation process and this was not detected by the viscosity deter-
mination performed at the time of distillation. 

The original materials and the blend were subjected to the 
thin-film oven (TFO) test (ASTM D 1,754) followed by pres-
sure oxidation for 144 hours at 80°C at 300 psi air. The AC-
20/ES0 blend aged more than either of the original 
materials as measured by the aging index (viscosity ratio). 
The high aging index of the blend suggests that there are still 
reactive components in the hard ESO that are reactive in the 
aging test, probably because they are dispersed by the as-
phalt and made available for oxidation. The large magnitude 
of difference between the aging index of the AC-20 and the 
blend indicates that the hard ESO is not a favorable material 
for blending with petroleum asphalt. 
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September 1990, and it included several commercial 
polymer-modified asphalt systems. Approximately 
40,000 grams of control (no modifier) hot mix was sampled 
at the construction site and stored in sealed containers. 

The control mixture was divided into two portions: the first 
portion was mixed with the hard ESO at the same propor-
tions as the polymer-modified mixtures, and the second por-
tion was aged in a forced draft oven at 80°C for 2 weeks, 
with stirring once every 24 hours, prior to mixing with the 
soft ESO. Approximately 4,000 grams of the aged mixture 
was set aside for extraction and binder characterization. 

FIGURE 1 
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Aged Asphalt Binder Rejuvenation 

This phase of the research included a recovered aged as-
phalt, a soft ESO, and an AC-5 asphalt for evaluation of the 
potential recycling use of the soft ESO. The 60°C viscosities 
of the recovered asphalt, the soft ESO, and the AC-5 asphalt 
were measured to be 5.98 x 10 6, 15 and 515 poise, respec-
tively. Because the viscosity of the recovered aged asphalt 
was extremely high, the target viscosity for the "recycled" 
blends was selected to be 10,000 poise at 60°C. This value is 
the maximum specification value for an AC-20 asphalt after 
the TFO test. 

It was found that the amount of soft ESO needed to achieve 
the target viscosity is considerably less than the AC-5 mainly 
because of the much lower viscosity of the soft ESO. The 
results from the aging part of this study suggest that the 
aging characteristics of the soft ESO recycled blend may not 
be favorable. 

Mixture Characterization 

Asphalt from an actual field project was selected in Ken-
tucky; an asphalt overlay project that was constructed in

Tensile strength data indicate desirable fatigue and 
durability performance potential for the hard blend ESO. 

A moisture damage index (tensile strength ratio) based upon 
tensile strength of mixture before and after a moisture con-
ditioning procedure indicated that the hard ESO was not sig-
nificantly different from the control mixture and some of the 
moisture damage susceptible polymer-modified mixtures. 
This indicates that ESO-modified asphalt has a potential for 
undesirable stripping. 

The potential susceptibility to freeze-thaw damage was 
characterized using the tensile strength as an index 
parameter. Mixtures were subjected to 100 cycles of freeze 
and thaw. Cross comparisons revealed no statistically sig-
nificant change in tensile strength due to 100 cycles of 
freeze-thaw. 

The hard ESO added at the 7 weight percent level to an AC-
20 asphalt showed detrimental aging characteristics when the 
blend was aged using a TFO test followed by a pressure-
oxidation test. The blend of the hard ESO and the AC-20 
asphalt had an aging index 43 to 73 times higher than the 
AC-20 asphalt depending on the temperature of measure-
ment. A similar trend was detected in the hard ESO 
modified mixtures in their susceptibility to moisture damage. 
A short-term improvement in tensile properties of the as-
phalt mixture was achieved through application of hard 
ESO, however, this effect is likely to diminish rapidly with 
aging. 

Rejuvenated Mixture Characterization 

Asphalt aging/oxidation severely reduces the tensile strength 
properties of the mixture. This is shown in Figure 2. Addi-
tion of soft ESO to the aged mixture revealed a significant 
rejuvenating effect by increasing the tensile strength. 
However, this increase did not restore the tensile strength to 
the level prior to aging. This is consistent with the state of 
practice; that is, in addition to the recycling agent, often 
fresh hot mix is added to the mixture to enhance the 
desirable properties. The rejuvenating effect of the soft 
ESO was similar to the behavior exhibited by the AC-S. In 
summary, the mixture rejuvenation analysis indicates that the 
soft ESO has a potential application in asphalt recycling. 
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RECYCLE OF HEAVY SHALE OIL TO RETORT TESTED 

Work carried out at Australia's Commonwealth Scientific 
and Industrial Research Organization (CSIRO) has tested 
the effect of recycling the heavy end of shale oil to the retort 
as a means of upgrading. The tests were described in a 
recent paper by AJ. Feltenstein et al. 

Raw shale oils contain from 40 to 60 percent heavy oils 
(boiling point greater than 340°C) which are expensive to 
upgrade by hydrotreating and to refine by catalytic 
cracking/hydrocracking to transportation fuels. Recycle of 
heavy oil containing shale dust from the oil condensation sys-
tem to the retort, in order to crack/ coke the oil to lower boil-
ing point fractions, is a way of both handling ultrafine solids 
carry-over in shale oils and of achieving product oils of more 
desirable qualities. A heavy oil feeding unit was incor-
porated into CSIRO's bench-scale integrated 
retorting/combustion oil shale (BIRCOS) facility. 

The facility was modified to allow open-loop feeding of 
heavy oil to the retort (Figure 1). Steam at a high velocity, 
60 meters per second, was used to break oil into tiny droplets 
prior to being conveyed into an oil vaporizer. The heavy oil 
used in the study was prepared by vacuum distillation of a 
Stuart shale oil. The heavy oil was the residue in the still 
after distillation at the cut-point of 465°C. The shale and 
shale ash used in the test were from the 1986 Stuart Box Cut 
(Kerosene Creek Member). 

Table 1 shows the results for two retorting experiments 
(6 and 7) without and with heavy oil feed respectively. An 
oil yield of 10 percent Fischer Assay was obtained in
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Experiment 6, with a breakdown of oil fractions as follows: 
12.6 percent naphtha (C4-175°C), 12.8 percent kerosene 
(175-2400C), 23.5 percent diesel (240-340 0C), 27.9 percent 
light gas oil (340-450°C), 15.7 percent heavy gas oil (450-
538°C) and 7.5 percent non-volatiles (>538°C). 

Net product yields were determined by subtracting 
Experiment 6's yields from those of Experiment 7. Table 2 
shows that a conversion of 19.1 grams per 100 grams heavy 
oil fed was achieved to yield 10.9 grams light oil (naphtha, 
kerosene and diesel), 2.2 grams gas and 6.0 grams coke. This 
corresponds to a net oil loss of 8.2 grams per 100 grams 
heavy oil fed or 3.8 grams per 100 grams shale oil produced. 

As a result the net product oil was lighter, with a breakdown 
of oil fractions as follows: 15.9 percent naphtha, 14.6 percent 
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TABLE 1 TABLE 2 

RESULTS FOR RETORTING EFFECT OF HEAVY OIL FEEDING 
WITH AND WITHOUT HEAVY OIL FEED

Net Yield 
Experiment 6 2 g/100 g 

Description Feed Oil 
Heavy Oil Feed Time, mm n/a 70

Oil (C4 +) -820 
Shale Feed Time, min 96 87

Oil Fractions 
Feed Rate, g/min Naphtha 6.13 
Heavy 

Oil
0.0 1.0 Kerosene 2.89 

Shale 10.4 9.7 Diesel 1.84 
Shale Ash 18.0 18.0 Light Gas 

Oil
1.97 

Heavy Gas 
Oil

-12.05 
Oil Yield, g/lOOg thy shale Non-Volatiles -8.98 
Naphtha 1.98 2.41 
Kerosene 2.01 2.22 Retort Gas 
Diesel 3.70 3.83 Hydrogen 0.309 
Light Gas Oil 439 4.53 Methane 0.896 
Heavy Gas Oil 2.47 1.63 Carbon Monoxide 0.192 
Non-Volatiles 1.17 0.54 Carbon Dioxide -0.430 

Total Oil 15.72 15.16 Ethene -0.058 
Ethane 0.785 

Gas Yield, g/lOOg dry shale Propene 0.161 
Hydrogen 0.075 0.097 Propane 0315 
Carbon Monoxide 0399 0.410 Butene 0.177 
Carbon Dioxide 2.223 2.188 Butanes 0.160 
Methane 0.265 0317 C1-C3 Hydrocarbons 2.099 
Ethene 0.290 0.284 Total Gas 2.170 
Ethane 0.227 0.274 
Propene 0.261 0.270 Coke 6.03 
Propane 0.124 0.142 
C1-C3 Hydrocarbons 1.167 1.287 Conversion of Heavy Oil, 

Total Gas 3.864 3.982 g/lOOg heavy oil feed 19.05 
Conversion to Gas, % 11.4 

Coke Yield, (& Errors), Conversion to Light Oil, % 57.0 
g/lOOg dry shale 0 0.41 Conversion to Coke, % 31.7 

Net Oil Loss, g/lOOg shale 
oil

3.84

kerosene, 253 percent diesel, 29.9 percent light gas oil, 
10.8 percent heavy gas oil, and 3.6 percent non-volatiles. 

The researchers used these data with a mathematical model 
based on once-through heavy oil feed data to simulate the 
recycle of heavy oil. Figure 2 (next page) presents a sum-
mary of the simulation results. As expected, the proportion 
of heavy oil (LGO, HGO and NV) decreases as the heavy oil 
recycle ratio increases, while oil loss as gas, coke and light oil

(N, K and D) increases. The oil recycle ratio is defined as 
the ratio of the mass flow of heavy oil recycled to the retort 
over the mass flow of heavy oil exiting the fractionation 
column. At an oil recycle ratio of 1, a product oil consisting 
of 23 percent naphtha, 28 percent kerosene, 45 percent 
diesel and 4 percent heavy oil could be produced at a loss of 
15 percent of the original raw shale oil. 
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INTERNATIONAL 

SCALEUP RISK FOR OIL SHALE RETORTS ASSESSED 

The scaleup risks associated with developing large-scale oil 
shale processing units was assessed in an article by I. Opik in 
the Estonian journal Qfl Shale last year. Opik discussed the 
gradual scaleup steps used in increasing the size of oil shale 
retorts in China over a period of many years, and contrasted 
that with the large jump attempted with the Unocal retort 
(scaleup factor = 2,000) which eventually ended in failure. 
In Estonia, two different types of retorts have been 
developed, one at a gradual rate with moderate scaleup risks, 
and one which involved, in Opik's words, "an unwarranted 
high scaleup risk." 

Internal Heating Pyrolysis Retorts 

Internal heating pyrolysis retorts for processing Estonian oil 
shale (also called "gasifiers") were developed in small in-
cremental steps over a period of 70 years. Major milestones, 
with sizes in tons per day (tpd) and scaleup ratios (r) in-
cluded: 

- 1921, first Pintsch test retort, 8 tpd at Kohtla-Jarve 

- 1925, first commercial retorts, 35 tpd (r 4) 

- 1930s, new 42 tpd retorts (r = 1.2) 

- 1940s, 100 tpd test retort (r = 2.5) at Kohtla-Jarve 

- 1950s, 115 tpd retorts (r = 1.15) 

- 1960s, 180 tpd retorts (r = 1.6) 

- 1970s, reconstruction of existing retorts to 200 tpd 
(r	 1.1) 

- 1981, 1,000 tpd test retort (r = 5), only 800-900 tpd 
achieved 

- 1980s, 1,000 tpd commercial retorts at Kohtla-
Jarve, 1,500 tpd (r = 1.5) designed 

Retorting with Spent Shale as Solid Heat Carrier 

The Galoter process, using spent oil shale fines as a solid 
heat carrier, also started out step-by-step: 

- 1949, pilot scale at 2.5 tpd 
- 1954, industrial test retort, 200 tpd (r = 80) 
- 1964, commercial test retort, 500 tpd (r = 2.5) 
- 1980, commercial scale retort, 3,000 tpd (r = 6) 
- 1982, second 3,000 tpd retort

The 3,000 tpd retorts never operated at more than 
25 percent of annual design capacity, through 1989. The two 
retorts were operated alternately. Although maximum daily 
runs were near design capacity, long standstills between the 
runs for cleaning ash deposits from the systems as well as 
other technological and economical factors and operating 
personnel problems reduced the average annual capacity of 
the plant to 20 to 25 percent of the designed capacity. 

According to Opik, the reason why the enterprise with two 
3,000 tpd retorts failed in spite of apparently moderate 
scaleup steps was the incomplete development of the technol-
ogy at the preceding steps. The problem of removing spent 
shale fine dust particles from the oil vapors before the con-
densation section was not solved at any stage of develop-
ment. The problems related with the effects of spent shale 
on the environment remained unsolved also. Therefore, 
some important and determining parts of the 3,000 tpd units 
(e.g., the dust removal system and the thermal handling and 
separation of processed shale in the air-blown firebox into 
hear carrier plus refuse ash) were built only at a size smaller 
than that of the pilot plant. Consequently, the real scaleup 
factor of the units was over 80. OpIk calculated that at such 
a large scaleup factor, the risk of failure is 75 percent. 

Thus, experience with oil shale processing in three countries, 
China, the United States, and the U.S.S.R., have 
demonstrated that the relative risk in developing oil shale 
processing units is related to the scaleup factor. 

During a period of large programs for developing the oil 
shale industry, e.g., the $30 billion investment once planned 
in Colorado and Utah, or the 50 million ton per year oil 
shale processing planned in Estonia and the Leningrad 
Region in the late 1970s, the scaleup risk of developing large 
single retorting plants, seems to be justified. 

But under conditions of low crude oil prices, when the large- 
scale development of oil shale processing has stopped, the 
total scope of the scaleup risk has to be divided between a 
small number of units. Therefore, it is best to build new com-
mercial oil shale processing plants with a minimum scaleup 
risk. 

For example, in Estonia a new oil shale processing plant with 
gas combustion retorts projected to start in the early 1990s 
will be equipped with four units of 1,500 tpd enriched oil 
shale throughput each, designed with scaleup factor r = 1.5 
and therefore with a minimum scaleup risk. 
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STATUS OF ESTONIAN OIL SHALE INDUSTRY 
REVIEWED 

According to a paper presented at the Sixth Australian 
Workshop on Oil Shale by J. Kann and K. Urov of the In-
stitute of Chemistry in Estonia, the first scientific description 
of the Estonian oil shale (kukersite) was presented in the 
18th century. Although it was not developed before the First 
World War, the industrial production of oil shale in Estonia 
began in 1916. While commercial processing to obtain oil 
began in 1924, kukersite gravitational shaft retorts with a 
throughput of 1,000 tons of shale per day are the main types 
of units used to process the shale at the present time. Es-
tonia consumes 23 million tons of shale per year to obtain 
oil. It produces 370,000 tons of shale oil, and manufactures 
about 40 petrochemical products from the oil. Most of the 
shale mined is used for electric power generation. Currently, 
extensive research on oil shales is being conducted in the In-
stitute of Chemistry, Estonian Academy of Sciences. 

The blockade of Petrograd during World War I and the 
resulting fuel shortage catalyzed the exploitation of oil shale. 
Thus, in 1916 the first 1,250 tons of kukersite were shipped 
from Estonia to Petrograd for gas and thermal energy 
production. 

When Estonia (with the richer part of the Baltic oil shale 
basin) was separated from Russia after the First World War, 
it became the center of development of oil shale technology. 

From 1927-1931 various systems for oil shale processing 
(vertical retorts, tunnel ovens, rotary kilns) were tested and 
commercially exploited. In 1940 the annual shale oil produc-
tion in Estonia made 180,000 tons, 73.2 percent of which was 
used as fuel oil, and the remaining to produce gasoline, 
kerosene, diesel fuel, wood impregnation oil and asphalt. 

In 1945, a plant was constructed to ensure gas supply for 
Leningrad. A plant equipped with chamber ovens (similar to 
coke batteries) for high-temperature carbonization and 
gasification of oil shale was built and put into operation. 
The peak gas production was 1 million cubic meters per year. 
The output of the oil shale industry steadily increased up to 
1975-1980, then decreased with increasing natural gas produc-
tion. 

In the last few decades the development of Estonian oil 
shale technology has been connected first of all with improve-
ment of vertical (shaft) retorts. 

Present State 

Currently, the total production of Estonian oil shale is about 
22 million tons per year. Six underground and three open-
cast mines are in operation. Nearly half of the shale is 
produced by the open-cast technique.

The power industry consumes about 85 percent of the shale 
mined. The remaining 11-12 percent is retorted to produce 
oil and gas. 

Electric energy from shale is now produced at the Baltic and 
Estonian Power Plants. The former, put into operation in 
1958-60, has eight turbines, each with a capacity of 
100 megawatts, and tour units, 200 megawatts each. Eight 
turbines with a capacity of 200 megawatts each have been in-
stalled at the Estonian Power Plant. 

Estonian kukersite shale is one of the most suitable fossil 
fuels for producing oil, yielding about 150-170 liters of oil, 
3.4 kilograms of water-soluble phenols (alkyl derivatives of 
resorcinol) and 340-360 cubic meters of combustible gas per 
ton of shale. 

The oil shale ash is used in agriculture for liming acid soils 
and in the building materials industry. 

Processing oil shale in the nonoxidizing atmosphere to 
produce shale oil as the main product has also been con-
tinued and expanded in the post-war period. 

Until the end of the 1960s, oil shale was processed in rotary 
kilns, tunnel ovens and vertical shaft retorts to produce liq-
uid and gaseous fuels and various byproducts. Later, with 
the growth of the petroleum and natural gas industry, shale-
originated fuels could not compete in the market, and liquid 
fuel production decreased substantially. Shale processing 
was gradually reoriented to the production of chemicals. 
The gas fuel obtained principally meets the heat demands of 
plants. 

Gravitational shaft retorts (so-called generators) are the 
main type of equipment employed for processing kukersite at 
present. A new type of these generators was constructed in 
the 1970s. One generator with a throughput of 1,000 tons of 
shale per day was put into operation at the Kohtla-Jarve Oil 
Shale Chemical Plant in 1981, two more in 1987. A battery 
of four retorts of this type with a throughput of 1,500 tons 
per day and oil yield about 17.5 percent (83-85 percent of the 
Fischer Assay) is under construction. The consumption of 
lumpy shale for processing is now about 23 million tons per 
year, production of crude oil 370,000 tons, the articles 
manufactured numbering over 40. 

Future 

There are two ways of developing the Estonian oil shale in-
dustry direct burning of kukersite for electric energy produc-
tion or nonoxidizing thermal destruction of the shale to ob-
tain oil, gas and other semicoking (coking) products. 

The authors say the future of the Estonian oil shale industry 
will depend on the efficiency of production and possibilities 
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of shale export, as well as on the price of petroleum. A 
flexible development variant in which fuels and chemicals 
are produced in optimal proportion to suit the market is con-
sidered to be most advantageous. Special attention mu g be 
paid to the utilization of huge quantities of solid processing 
residues. 

A lot of research work has been done in the field of optimiz-
ing shale thermal destruction processes and the processing 
of the oil obtained. Applied research concerns also the 
Preparation, processing and separation of the alkyl resor-
cinols contained in shale semicoking products, as well as syn-
thesis of new products. Pertinent fundamental research has 
included a study of the thermodynamics of nonelectrolyte 
solutions. To check the results of applied research, a pilot 
plant has been put into operation at the Kohtla-Jarve Oil 
Shale Chemical Plant. It is a preparatory step to commercial 
production.

fl## 

SYNERGISTIC EFFECT FOUND IN COREFORTING 
TURKISH OIL SHALE AND LIGNITE 

A paper, "Effect of Lignite Addition and Steam on the 
Pyrolysis of Turkish Oil Shales," was presented at the 
1991 Eastern Oil Shale Symposium. The study conducted by 
E. Ekinci, et al., of the Istanbul Technical University in Istan-
bul, Turkey, and G.D. Love, et al., of the University of 
Strathclyde in Glasgow, United Kingdom found that steam is 
a more effective sweep gas than nitrogen at low velocities in 
fixed-bed pyrolysis of Goynuk oil shale. However, at higher 
velocities and in fluidized-bed pyrolysis, the differences were 
considerably less marked. Relatively small but significant

synergistic effects were observed between lignites and the 
two oil shales investigated, Goynuk and Seyitomer, under 
static retorting conditions and these effects were more 
pronounced with large concentrations of oil shales. 
However, the effects disappeared in fluidized-bed pyrolysis 
where conversions were much higher due to overcoming the 
mass transfer limitations. 

Background 

Turkey has vast reserves of both oil shales and high-sulfur lig-
nites, much of the former having particularly low mineral 
matter contents. The objective of the research was to idea-
tin' ways in which significantly higher oil yields and oils of 
better quality can be obtained than under the normal static 
conditions used in retorting assay tests. 

The effect of steam on the pyrolysis of Goynuk oil shale in 
the Heinze retort and in a fluidized reactor and the 
copyrolysis of two Turkish lignites with Goynuk and 
Seyitomer oil shales were investigated. 

The proximate analyses of the Goynuk and Seyitomer oil 
shale and the lignites used are summarized in Table 1. 

Steam Pyrolysis 

Table 2 compares the oil and char yields obtained from 
Goynuk oil shale in the different regimes investigated with 
steam and nitrogen. As anticipated, the use of a sweep gas 
increased the oil yield considerably. The total conversions in 
the region of 80 percent achieved using a fixed-bed reactor 
with a relatively high superficial gas velocity and using a 
fluidized-bed reactor are close to the volatile matter content. 
At low sweep gas velocities in the Heinze retort, steam is 
much more effective than nitrogen. The oil yield achieved 

TABLE 1 

ANALYSES OF TURKISH LIGNITES AND OIL SHALES 
(Weight Percent)

Seyitomer Yatagan Seyitomer Goynuk 
Lignite Lignite Oil Shale Oil Shale 

Moisture 30.9 14.8 3.5 5.7 

Ash 15.6 41.4 69.0 24.4 
Vol. Matter 30.0 34.0 20.1 56.3 
Fixed Carbon 23.5 9.8 7.4 13.6 

C 363 23.7 10.1 49.9 

H . 3.5 2.9 1.1 6.4 

5 0.9 5.5 0.1 33 

N 1.1 0.7 03 1.1
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TABLE 2 

YIELDS FROM GOYNUK SHALE AT
ATMOSPHERIC PRESSURE AND 5500C

(% OAF Shale)

Char	 Oil 

Reline Retort	 static 55 33 
steam 0.7 cm 11 46 40 
steam 13 cm 40 44 
steam 33 cm 25 55 
nitrogen 33 cm 47 39 

Fixed Bed	 static 48 38 
nitrogen 22cms1 23 61

with a steam velocity of 33 centimeters per second is nearly 
as high as that with a nitrogen velocity 7 times greater in the 
small fixed-bed reactor. 

Copyrolysis 

Oil yields from Heinze retort experiments with oil 
shale/lignite mixtures, show that actual oil yields for the mix-
tures are consistently higher than those predicted (Figure 1). 

FIGURE 1 
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The differences of 2 to 5 percent are considerably greater 
than the estimated experimental errors of 0.5 to 1.0 percent. 
For the oil shale/lignite mixtures, the increases in oil yield 
are highest for the 3:1 mass ratios of oil shale to lignite and 
appear to broadly increase with increasing oil shale content. 
Thus, the oil shale is partly preventing retrogressive char 
forming reactions for the lignite. However, relatively large 
amounts of oil shale are probably required because the com-
patibility between the shale and lignite is relatively poor. It 
has been found that the shale oils are highly aliphatic in 
character, and during the initial stages of pyrolysis, the 
pyrobitumen which is the precursor of the shale oil is ex-
pected to be a relatively poor solvent for the phenolic 
material from the lignites. 

Table 3 lists the char and tar yields from the fluidized-bed 
experiments with Yatagan lignite, Goynuk oil shale and their 
mixtures. Under static conditions, a distinct synergistic effect 
is observed as in the Heinze retort for a 1:2 mixture of 
lignite:oil shale (Figure 1). As anticipated, the use of 
nitrogen as a sweep gas gave rise to significantly higher con-
versions and, with the maximum sweep gas velocity of 
6.0 centimeters per second, the conversions of the oil shale 
and lignite are slightly higher than their volatile matter con-
tents (Table 1). However, the char and tar yields for the 
1:2 mixture are similar to the predicted yields. Therefore, 
say the authors, synergism would only appear to be evident 
under static conditions or with a low sweep gas velocity 
where there are severe mass transfer limitations on the 
release of volatiles. In well-swept reactors, such as the 
fluidized-bed reactor, the contact between lignite and oil 
shale particles is likely to be considerably poorer than in 
fixed-bed static reactors and pyrolysis of the two components 
proceeds more or less independently. 

TABLE 3 

FLUIDIZED BED YIELDS WITH
YATAGAN LIGNITE AND GOYNUK OIL SHALE

(Weight Percent on OAF Blend) 

Sample	 Sweep Gas Char	 Oil Total Gas 

Goynuk Static 45 43 12 
Yatagan Static 44 24 32 
1:2 Mixture Static 37 40 23 
1:2 Mixture 2 cat 11 33 42 25 
1:2Mixture 6 c 22 54 24 
Goynuk 6 cm i 15 74 11 
Yatagan 6cm11 .	 38 28 34

#1## 
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TABLE 1 

TIMAHDIT AND TARFAYA
OIL SHALE RESERVES 

Timandit	 Tarfaya 

Thickness (meters) 150 33 
Wet tonnes (xlO) 42,000 80,000 
Oil Yield (l/dt) 61.5 55 
Contained Oil bbl (xlO) 15,000 22,700

Mining Aspects 

The production of 1 barrel of oil requires the processing of 
2 to 3 tonnes of oil shale according to the oil grade. The oil 
shale projects will thus result in a grand scale mining exploita-
tion. 

Given the favorable geomorpholo' of the Timandit and Tar-
faya deposits (thick, regular sedimentary layers with little 
faulting) the mining studies have selected open pit mining as 
the preferred method of exploitation. 

The most economical zones are the Tassemakht Plateau in 
Timandit and the west flank of Sebkha Tazra in the Tarfaya, 
for which two alternatives have been proposed—medium-
and high-grade. 

OIL SHALE ACTIVITIES IN MOROCCO UPDATED 

Oil shale activities have been going on in Morocco on an in-
tensive scale since 1974. Since that time, $50 million has 
been spent, including more than $20 million supported by for-
eign companies for research and development works and 
studies on Timandit and Tarfaya deposits. These activities 
were recently reviewed by 0. Bekri of the Oil Shale Division 
of Office National de Recherches et d'exploitations 
Petrolieres (ONAREP) at the 1991 Eastern Oil Shale Sym-
posium last year. Bekri's remarks are summarized below. 

Geology 

The greatest oil shale deposits in Morocco are located in 
three different areas: the Rif region along the Mediter-
ranean coast, the Middle Atlas region in the north central 
part of Morocco which contains the Timandit deposit, and 
the Tarfaya region in the southwest along the Atlantic Ocean 
coast. The shale oil resources are estimated at 50 billion bar-
rels. 

The Timandit and Tarfaya oil shale deposits were identified 
in the beginning of the 1960s, and consequently have been 
the subject of the most extensive exploration and study 
program. These activities have covered the geological and 
mining aspects, laboratory studies, retorting and combustion 
tests, as well as global technical and economical feasibility 
studies. 

The Timandit deposit is situated in the Middle Atlas, 
115 kilometers south from Fez with an altitude ranging from 
1,700 to 2,300 meters.

Oil Shale Characteristics 
Most of the thicker and richer oil shales of the Timandit oil 
shale deposit lie within the central portion of the El Koubbat 
syncline. They are Upper Cretaceous (Maestrichian) in age 
and have an average thickness of about 150 meters. 

The geological works including 75 coreholes, 1,060 meters of 
drifts and shafts have led to the determination of the Timah-
dit oil shale reserves which are estimated to be 15 billion bar-
rels of oil in-place (Table 1). 

The Tarfaya deposit extends over about 2,500 square 
kilometers to the east of Tarfaya Town on the Atlantic 
Coast. 

The kerogenous rock sequence consists of an alternation of 
dark and light chalky limestones. The interval with the 
highest organic carbon content, has been dated late 
Cenomanian and contains chert beds and carbonate concre-
tions. 

A total of 137 coreholes have been accomplished throughout 
the Tarfaya Deposit.

Physical and chemical characteristics of Tiznandit and Tar-
faya oil shales are shown in Table 2. 

Oil shales of Tarfaya contain much more moisture than 
those of Timandit. The relatively low ash content in the Tar-
faya oil shale could be explained by its high carbonate con-
tent. The sulfur in the two cases is mainly of organic origin, 
which means it will be found in noticeable quantity in the 
shale oil. 

The Fischer Assay results for Timandit and Tarfaya thermal 
decomposition of oil shales can be seen in Table 3. Tarfaya 
oil shales produce slightly less oil than those of Timandit. 
One may note however, that the sum of oil and gas is more 
favorable for Tarfaya oil shale. 

Retorting Tests 

According to Bekri 1,500 tonnes of Tiniandit oil shale and 
700 tonnes of Tarfaya oil shale underwent tests in different 
pilot plants in the United States, Canada, Europe, USSR 
and Japan.
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TABLE 2

MOROCCAN OIL SHALE CHARACTERISTICS 

Timabdit	 Tarfava

used in continuous processes. This discounts any savings 
gained by using the batch process. 

Table 4 gives the average values of the results obtained in dif-
ferent pyrolysis tests of Ti,nandit oil shale according to two 
process types-direct and indirect heating mode. 

Moisture (wt%) 7.0 17.5 As a general conclusion,	 Moroccan oil shale could be 
Spec. Gravity 2.243 2.276 adapted to many different processes, however, the priority is 
Heating Value (kcal/kg) 1,436 1,100 given to processes which use the energy of the residual or-
Oil Yield (l/t) 85 74 garnc matter. 
CO3 (wt%) 232 402 
Kerogen (wt%) 17.7 15.9 Combustion Tests 
Ash (wt%) 65.3 54.9 
Org. Carb. (wt%) 12.9 11.3 In parallel with the retorting tests, a program to test Moroc-
Mi	 Carb. (wt%) 4.6 8.0 can oil shale as a boiler fuel for electric powerplants was con-
Tot. Carb. (wt%) 17.5 19.3 ducted in 1975. 
Org. SuIf. (wt%) 1.6 1.7 
Min. Suli (wt%) 0.7 03 Bekri reported that 160 tonnes of Timandit and Tarfaya oil 
Tot. SuIf. (wt%) 2.3 2.0 shale underwent pilot plant combustion tests in Holland and 

Belgium and an industrial test has been accomplished on 
1,000 tonnes of Timandit oil shale in a conventional boiler in 
Germany. 

From these tests ONAREP concludes: 
TABLE 3

The ignition point being on average 350°C for 
Timandit oil shale and 400°C for Tarfaya, there is KEROGEN THERMAL DECOMPOSITION 

(Weight %) 

	

Timandit	 Tarfaya 

	

(85 lIt)	 (74 lIt) 

Oil 47.1 45.6 
Gas 15.6 19.5 
Water 11.5 7.2 
Residual Org. 
Matter 25.8 27.7

In Morocco 2,500 tonnes of Tiinandit oil shale have been 
tested in 3 and 50 tonne capacity retorts as well as in the 
80 tonne capacity T3 pilot plant. 

The T3 process is a semi-continuous process based on the 
utilization of two retorts functioning alternatively in direct 
heating mode and cooling mode. Twenty-six runs have been 
accomplished in this unit. The average oil yield rated 
63 percent of Fischer Assay oil yield. 

In order to cut down the oil losses by decomposition, oil com-
bustion, and coking and cracking to acceptable proportions 
(10 to 15 percent), it appears that it would be necessary to 
install charging and discharging systems as complex as those

TABLE 4 

TIMAHDIT OIL SHALE PYROLYSIS 
YIELD AND PRODUCT PROPERTIES 

Direct	 Indirect 
Process	 Heating	 Heating 
T\Tc	 Mode	 Mode 

Oil Yield (% of 
Fischer Assay)	 60-80	 95-100 

Oil Produced 
Spec. Gravity 	 0.977	 0.980 
S (wt%)	 6.8	 6.6 
C/H (wt/wt)	 8.0	 83 

Retorting Gas 
Production (in 3/t)	 450	 26 
Gross Heating 
Value, kcal/kg	 600	 7,892 

H2 (vol%)	 6.5	 20.8 
H 2 S (vol%)	 1.5	 22.1 
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no ignition problem in spite of a big proportion of 
uncombustible material. 

- The heating value of Timandit and Tarfaya oil 
shale allowed an auto-combustion without any 
other fuel support. 

- A satisfactory combustion rate (96 percent) has 
been obtained. 

- The test demonstrated good temperature stability 
at different levels as well as good operating 
flexibility. 

The carbonate content of Tarfaya ash (67 percent) is high 
which can cause cementation problems. However, this 
characteristic does considerably reduce the amount of SO 
emitted in the gases. The ash may also have value as an addi-
tive to cement. 

Upgrading 

Hydrotreating tests have been carried out in the United 
States and France. The hydrotreated oil is a good quality 
syncrude which may attract a premium compared to im-
ported crude oil. 

Feasibility Studies 

After the retorting and combustion tests, global technical 
and economical feasibility studies for oil and electricity 
production projects were conducted. 

The results of these studies for a number of different project 
sizes and configurations are shown in Table 5.

It can be seen that the T3 batch process gives the lowest capi-
tal cost (dollar per barrel) and the hydrogen fluidized bed 
process shows the least operating cost relative to project size. 
Given the size of these projects, they should necessarily be 
preceded by a demonstration phase. The demonstration 
phase project could integrate, beside a retorting module 
(2,500 barrels per day), a 20 to 30 megawatt powerplant and 
a cement plant in order to exploit all of the possibilities for 
oil shale utilization. 

GASIFICATION TESTED ON JORDANIAN OIL SHALE 

According to a recent paper by H. Yousef of the Ministry of 
Energy and Mineral Resources in Jordan, research work on 
hydrogasification, steam oxygen gasification and thermal 
processing of El-Lajjun oil shale was conducted on a 
laboratory and pilot scale on samples of different organic 
matter content (ranging from 24.3 to 32.61 percent). The in-
tent of the research presented at the Sixth Australian 
Workshop on Oil Shale was to select the best catalyst for 
specific feed and to choose the optimum parameters for 
hydrogasification reactions (temperature, pressure, and 
feed/catalyst ratio). 

The catalytic system in the hydromethanization process 
produced gas contained 80 percent methane, surpassing 
other gasification processes producing gas and oil. 

The steam oxygen gasification produced synthesis gas 
capable of being used in motor fuel production. The 

TABLE 5

PROJECTS FEASIBILITY STUDIES

Year Capital 
of the Cost 

Deposit Product Study Project Size Process Used (S x 10 (S/Bbl) 

Tiinandit Oil 1981 50,300 bbl/d Modified In Situ 4,223 25 

Timandit Oil 1983 6,200 bbl/d Indirect Heating Mode 702 13 
Timandit Mining 1985 4.2 x 166 t/y Open Pit 146 
Timandit Elec. 1982 5 x 200 MW Conventional Boilers 935 
Timandit Oil 1986 7,800 bbl/d 13 250 15 
Tarfaya Oil 1987 53,800 bbl/d Fluidized Bed 2,810 12 
Tiznandit Oil 1990 7,700 bbl/d H Pressurized 

F?uidized Bed 380 8.5 
Tarfaya Elec. 1990 200 MW Fluidized Bed 

Combustion 331
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produced gas was of a high hydrogen (10.5 percent) and car-
bon oxides (64.5 percent) content. 

The research effort is part of Jordan's program to minimize 
its dependency on foreign oil. The nation plans to develop 
the tremendous oil shale reserves, along with its extensive 
natural gas fields. The results of this study provide en-
couragement to further develop Jordanian oil shale process-
ing. 

Hydrogasification (Hydromethanization of El-Lajjun Oil 
Shale 

El-Lajjun oil shale with 24.3 percent organic matter and the 
elemental composition 78.74 percent weight carbon, 
7.75 percent weight hydrogen, 11.52 percent weight sulfur, 
and 1.99 percent weight nitrogen was loaded into a bench-
scale laboratory reactor in 1 to 2 kilogram samples. Tests 
were conducted with and without catalysts. Temperature 
was calibrated within the range from 300 to 1,000°C at atmos-
pheric pressure. Hydrogen feed rate was 1.2 liter per hour. 
Catalyst/feed ratio was 2:1. The resulth are cited in Table 1.

Steam Oxygen Gasification of El-Laijun Oil Shale 

The same oil shale sample of 28.62 percent weight organic 
matter as in the previous experiment was tested by steam 
oxygen gasification. At 900°C, steam oxygen gasification 
completely converted (100 percent) the organic matter to 
gas. This gas is characterized by high hydrogen and carbonic 
oxides contents. The carbon oxides may be used, after ap-
propriate cleaning, as initial synthesis gas to produce motor 
fuels or petrochemical products. Steam oxygen gasification 
is highly selective and results in a high quality product. 

Thermal Processing (Medium Temperature Coking) 

A 400 gram oil shale sample was then tested by a medium-
temperature coking process. A bench-scale coking unit 
heated the oil shale at a rate of 5°C per minute up to 750°C. 
Liquid products were condensed in a collecting flask, 
measured, and analyzed. The results are listed in Table 3. 

The medium-temperature coking process yielded a combus-
tible gas consisting mainly of hydrogen, methane, and 

TABLE 1

HYDROGASIFICATION OF EL-LA.JJUN SHALE 

Conversion of 
Feed Or2anic Matter 
Wt Feed/Catalyst Temp Time Methane	 Oil 

Ratio °C MAli 17rL	 Wt% 

1 no catalyst 1,000 60 13.5	 3 
1 no catalyst 1,000 55 15.5	 1.8 
2 2:1 1,000 59 2.68	 -

Using the results from the first test, a new sample of El-
Lajjun oil shale with the composition of organic matter 
28.62 percent weight, and with the elemental composition of 
78.48 percent weight carbon, 835 percent weight hydrogen, 
10.97 percent weight sulfur, and 2.20 percent weight nitrogen 
was tested in a bench-scale gasifier and pilot-scale unit. 

The pilot-scale gasification test (pressure 5 megaPascals, 
hydrogen = 50 liters per hour) produced 80 percent by 
weight methane using a feed/catalyst ratio of 2:1. The 
results are shown in Table 2. Experiments showed that the 
hydrogen pressure significantly affects the degree of conver-
sion. 

As a result of the hydrogasification tests, continued research 
will focus on hydrogasilication of oil shale using metallic 
salts and other catalysts to assess their efficiency, selecting 
the optimum parameters of hydrogasification reaction in 
terms of pressure, temperature, feed/catalyst ratio, etc.

ethane. The organic matter in the oil shale converts mostly 
to oil and gaseous products. 

Conclusions 

According to Yousef, the results from this research on 
hydrogasification, steam oxygen gasification and medium-
temperature coking indicate that feasibility studies should be 
carried out concerning the promising directions of El-Lajjun 
oil shale processing. 

In addition, the catalytic system used for catalytic gasification 
of oil shale proved to be highly selective yielding gas with 
80 percent methane and ethane. The steam oxygen gasifica-
tion showed that it is possible to obtain synthesis gas with a 
high hydrogen (10.5 percent) and carbon oxides gas 
(64.9 percent) contents. 
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TABLE 2

HYDROGASIFICATION OF EL-L4JJUN SHALE 

Conversion of 
Feed Organic Matter 
Wt Feed/Catalyst	 Temp	 Time Methane	 Oil 

Ratio	 °Q	 Mm 

100 without cat.	 600	 360 65.4	 7.7 
150 2:1	 600	 360 80	 - 

TABLE 3 

PRODUCT YIELD OF MEDIUM TEMPERATURE 
OIL SHALE COKING 
(All in Weight Percent) 

Solid	 Products 
Input Residual	 Water	 Oil Gas and Loss 

100 74.9	 3	 6.7 15.4 
100 76.7	 3.3	 7 13.0 
100 70.0	 3.5	 8.2 18.5 
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RESOURCE 

CLIFFS SYNFUEL CORPORATION ACQUIRES 
GEOKINETICS LEASES 

Cliffs Synfuel Corporation of Rifle, Colorado has acquired 
from Geokinetics, Inc. the Utah oil shale lease ML 44113. 
In addition, Geokinetics has made partial assignment of 
lease ML 44112, in Uintah County, Utah, to Cliffs Synfuel. 
Some 649 acres in lease ML 44112 are involved. 

TOSCO COMPLETES PARTIAL RECLAMATION OF 
SAND WASH PROJECT 

The Utah Division of State Lands and Forestry says that 
Tosco Corporation has completed work to plug and abandon 
drill hole numbers 11X-18 (ML 20658), 42X-36 (ML 20667) 
and 42X-34 (ML 20641) of the Sand Wash Oil Shale Project. 
Surface reclamation work was also performed, but the suc-
cess of surface erosion control is not yet determined for drill 
site llX-18. 

The Division has on file Surety Bond No. 83 5 82577 with 
Tosco Corporation as principal and Aetna Casualty & Surety 
Company as surety in the amount of $30,000 covering the 
Sand Wash Oil Shale Project. This bond was posted in 1982, 
with Division of State Lands and Forestry and is held jointly 
with Division of Oil, Gas, and Mining. Approval from the 
latter division was received in October 1991, to release the 
bond. Therefore, the director approved the reduction of 
surety required from $30,000 to $5,000. 

USGS REVISES ESTIMATES OF [TrAil SHALE 
RESOURCES 

A United States Geological Survey (USGS) study of the 
Mahogany oil shale zone of the Parachute Creek Member of 
the Eocene Green River Formation in Utah concludes it con-
tains an estimated 10.4 billion barrels of shale oil. This 
stratum yields an average of 25 gallons of shale oil per ton of 
rock on about 87,736 acres of state lands occupying about 
1,100 square miles. The land is located in the eastern part of 
the Uinta Basin, Uintah County, Utah (Figure 1). About 
1.7 billion barrels of shale oil in strata averaging 25 gallons 
per ton were estimated to be present on federal oil shale 
tracts Ua-Ub, an area of about 10,273 acres. 

In the southwestern part of the study area, the Mahogany 
zone is as much as 136 feet thick, but contains only 50 to

FIGURE 1 
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60 ICBPA (thousands of barrels of shale oil per acre). This is 
due to the presence of large amounts of clastic sediments. 
Figure 2 is a block diagram of the shale oil resources in the 
study area. The vertical axis is in thousands of barrels of 
shale oil per acre. The vertical skirt delimits the area of well 
control in the study area. The view is to the northwest. 

Northward, across the middle of the study area, the 
Mahogany zone thins to 60 to 75 feet. A little south of this 
thinner belt and parallel to it, is a poorly defined trend of 
richer grade oil shale that averages 100 to 120 KBPA. The 
Mahogany zone thickens again to about 130 to 135 feet and 
increases in oil yield to about 190 to 210 KBPA toward the 
depositional axis of the basin on the north side of the study 
area. The increase in thickness is probably the consequence 
of increased amounts of organic matter and syngenetic car-
bonate minerals that were deposited in the axial part of the 
basin.
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The estimated error (two standard deviations) of the oil 
shale resources calculated for 63 individual tracts or groups 
of tracts of state and federal lands, with two exceptions, 
ranges from ±5.9 to j67.6 percent, with an average error of 
±28.3 percent. Tracts with the largest errors are found in 
the southwestern and northwestern parts of the study area 
where subsurface data are less reliable.

The USGS study is published as Open File Report 91-285. 
Several additional core holes to test the oil shale resources 
are recommended in the report. Shale oil analyses of the 
Mahogany oil shale zone in this area could significantly in-
crease the confidence level of the resource estimates in an 
area where subsurface information is sparse. 
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SOCIOECONOMIC 

UNOCAL CLOSURE BEGINS TO IMPACT PARACHUTE 

Union Oil Company of California (Unocal) closed its 
Parachute Creek Shale Oil Project in Parachute, Colorado 
last year. Seven hundred fifty people at the plant lost their 
jobs. Some 10 workers remain at the site for environmental 
monitoring and security. The company announced the 
project's closure only months after Mid-Continent Resources 
closed its Redstone coal mine in the same area. 

The oil company is credited for its commitment to help the 
laid-off workers find other work. Of the 750 unemployed, 
87 percent have either transferred to other Unocal 
jobs,found new jobs, retired or gone back to school. The

post-closure site cleanup employed 46 workers who moved 
the heavy equipment and shipped waste water to a hazard-
ous waste landfill in Utah. 

Parachute's economy has suffered since Unocal announced 
the project's closure. Sales tax revenues have dropped 
23 percent this year, and business is off by one-third. As one 
hope of economic revival, the town is pursuing limited-stakes 
gambling. The town supported the idea in a December 17 
special election, and now must pass a petition to be placed 
on the state's November 1992 ballot. Colorado voters will 
then decide on the issue. 
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OIL SHALE PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Sixth Australian Workshop on Oil Shale held at the University of Queensland, St. 
Lucia, Brisbane, Australia, December 5-6, 1991: 

Gannon, AJ., et al., "Progress in Oil Shale Project Research" 

Kann, J., et al., "On the History, Present State and Future of the Estonian Oil Shale Industry" 

LePage, A.H., "Status of the Rundle Oil Shale Project" 

Matheson, S.G., "An Overview of Oil Shale Resources and Exploration in Queensland" 

Urov, IC., "Estonian Oil Shales: Composition, Properties, Utilization and Environmental Aspects" 

Levy, J.H., et al., "The Effects of Rock Type and Minerals on the Yields and Properties of Oils from Australian Tertiary Oil 
Shales" 

Fookes, CJ.R., et al., "Upgrading Stuart Shale Oils" 

Wallman, RH., et al., "Oil Vapor Coking Kinetics Over Oxidized Colorado Oil Shale" 

Zuhdan Fathoni, A., et al., "Shale Oil Instability: A Literature Review" 

Udaja, P., et al., "Coking and Cracking Behavior of Heavy Oil Derived from the Stuart Deposit" 

Dave, N., et al., "A Four-Lump Kinetic Model for the Cracking/Coking of Recycled Heavy Oil" 

Caner, S.D., et al., "The Relative Coke Inducing Tendencies of Pyrolyzed, Gasified and Combusted Devonian Oil Shales" 

Krol, A.A., et al., "Wastewater Management for the Stuart Oil Shale Project: The Use of Retort Water Treatment Cells" 

McDonald, G., et al., "The Rundle Land Management Information System" 

Clarke, W.P., et al., "Simulation of Salt Migration in an Oil Shale Dump, Subject to Natural Rainfall" 

Stock,E., et al., "Implications of Sustainable Development for Oil Shale Projects" 

Krol, A.A., et al., "Status of Waste Management Studies for the Rundle Oil Shale Project 

Coombs, S., et al., "Groundwater Quality at the Stuart Oil Shale Resource: Techniques and Implications for Development" 

Syamsiah, S., et al., "Adsorption of Retort Water by Overburden and Shale Ash" 

Syamsiah, S., et al., "Identification of Microorganisms in an Aerobic Retort Water Treatment Cell' 

RobI, T., et al., "Carbon-Sulfur Chemistry of Devonian Oil Shale" 

Coshell, L., et al., 'he Use of Magnetic Methods in Oil Shale Exploration" 

Harrison, J., et al., "Possible Systems for the Joint Mining of Oil Shale and Coal at Leigh Creek" 

Patterson, J.H., et al., "Stratigraphy and Mineralogy of Unit I-I, Nagoorin South Oil Shale Deposit" 

McIver, R.G., et al., "A Review of the Geological Evolution of the Narrows Basin"
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McIver, R.G., et al., "A Comparison of the Detailed Stratigraphy of the Kerosene Creek Member from the Stuart and Rundle 
Deposits, Narrows Basin, Central Queensland 

Coshell, L., et al., "X-Ray Computer Tomography Applied to Oil Shales from the Narrows Graben and Casuarina Basin. 
Non-Destructive Visualization and Density Determination" 

Coshell, L., et at., "Assessment of Acid Forming Potential of Non-Retorted Overburden and Interburden Waste from the 
Kerosene Creek Member and Curlew Formation, Stuart Oil Shale Deposit" 

Patterson, J.H., et al, "Mineral Effects in the Processing of Australian Tertiary Oil Shales" 

Duffy, B.L., et at., 'Transport Mechanisms in Oil Shale" 

Chariton, B.G. "The Combustion of Sulfur Contained in Spent Shale from Queensland Deposits" 

Benito, Ito., et at., "Emission of Sulfur Dioxide During Batch Fluidized Bed Combustion" 

Day, ST, Ct al., "Effects of Drying Rundle Oil Shale in Simulated Combustor flue Gas" 

Aislabie, J., "Biotechnology of Oil Shale" 

Gannon, AJ., et al., 'The Variation of Retort Gas Make and Composition with Oil Yield for Stuart Oil Shales" 

Rose, I-i., et al., 'The Effect of Various Additives on Aromatisation Reactions During Oil Shale/Kerogen Pyrolysis" 

Levy, J.H., et al., "Kinetics of Dehydroxylation, in Nitrogen and Water Vapor Atmospheres, of Kaolinite and Smectite 
Derived from Australian Tertiary Oil Shales" 

Dung, N.V., et at., "Processing Oil Shales with Heavy Oil Recycle 

Cena, Ri., et al., 'The LLNL HRS Retorting Process—Pilot Plant and Conceptual Design Studies" 

Bradhurst, D.H., "Evaluation of Microwave-Retorted Shale Oil" 

He, Y., et al., "Experimental Investigation of Circulating Fluidized Oil Shale Retort" 

Yousef, H., "Gasification and Thermal Processing of El-Lajjun Oil Shale" 

Hurst, Hi., et at., "Siderite Decomposition in Retorting Atmospheres" 

Ishiwatari, M., et al., "Effects of Maceral Composition on Pyrolytic Behavior of Kerogens" 

Jiancun, G., et al., "Study of the Synthetic Surfactant Made from Fushun Shale Oil" 

OIL SHALE - PATENTS 

"Method and Apparatus for the Destructive Distillation of Kerogen In Situ," Elmer E. Travis - Inventor, United States Patent 
Number 5,058,675, October 22, 1991. A method and apparatus for the destructive distillation of kerogen and extraction of oil and 
gas from oil shale. The method and apparatus includes generating super heated steam or air, injecting super heated steam or air 
into oil shale, heating the kerogen in the oil shale to a sufficient temperature such that the kerogen breaks down into shale oil and 
gas, collecting the oil and gas, and extracting the oil and gas. The super heated steam is generated by the use of a sun furnace 
which includes a high pressure boiler and a solar collector which focuses the rays of the sun on the boiler. The extreme heat and 
pressure generated by the sun furnace forces the heat-carrying steam or air along the laminations and cleavages of the shale to 
breakdown the kerogen into oil and gas. 

"Process for Biotechnological Upgrading of Shale Oil," Jackie Aislabie, Ronald M. Atlas -Inventors, United States Patent 
Number 5,049,499, September 17, 1991. A process for biotechnological upgrading of shale oil in selectively removing damaging 

SYNTHETIC FUELS REPORT, MARCH 1992 
2-34



nitrogen-containing compounds comprising treating the raw shale oil with special microbial cultures having specific ability to 
degrade the harmful nitrogen-containing compounds, such as the amines, nitriles and heterocyclics as the quinolines and pyridines, 
and converting them into nondamaging components.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since December £991) 

ACORN PROJECF— (See Stuart Oil Shale Project) 

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

Construction on the Chatham circulating bed demonstration project was completed in 1986 with commissioning of the new boiler. 
A joint venture of Energy, Mines and Resources Canada and the New Brunswick Electric Power Commission, this project consists 
of a circulating fluidized-bed boiler of Lurgi design that supplies steam to an existing 22-MW turbine generator. High-sulfur coal 
was co-combusted with carbonate oil shales and also with limestone to compare the power generation and economics of the two 
cocombustants in the reduction of sulfur emissions. A full capacity performance-guarantee test was carried out in May 1987, on 
coal, 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) (540) 

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 (Sit) retort process. Information obtained from the semi-works project would allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

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

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

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

COLONY SHALE OIL PROJECT - Exxon Company USA (5-50) 

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

A draft EIS covering the plant and a 196-mile pipeline to Lisbon, Utah, was released in December 1975 and the final EIS was later 
issued. EPA issued a conditional prevention of significant deterioration permit in November 1979. Land exchange was consum-
mated on February 1, 1980. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in the project for a pproximately $400 
million. The preferred pipeline destination was changed to Casper, Wyoming, and the final EIS supplement was completed. Work 
on Battlement Mesa community commenced summer 1980. The Colorado Mined Land Reclamation permit was approved in Oc-
tober 1980. 

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

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

Project Cost: Estimated in excess of $5 - $6 billion
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL PROJECTS (Continued) 

CONDOR PROJECT - Central Pacific Minerals -50 percent; Southern Pacific Petroleum - SO percent (S-0) 

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 22 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants and 
supported by independent international contractors and engineers. 

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

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

Following a survey of availablc 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 OmbH 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 would require further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels 
per day upgrading plants are incorporated into the project design. 

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

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

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

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

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

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

ESPERANCE OIL SHALE PROJECT - Esperance Minerals NL and Greenvale Mining NI. (S-70) 

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

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

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

ESTONIA POWER PLANTS - Union of Soviet Socialist Republics (5-80) 

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

About 95 percent of the former USSR's oil shale output comes from Estonia and the Leningrad districts of Russia. Half of the ex-
tracted oil shale comes from surface mines, the other half from underground workings. Each of the nine underground mines out-
puts 3,000 to 17,000 tons per day; each of the surface mines outputs 8,0 to 14,000 tons per day. 

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

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

The oil shale retorting industry in Fushun, China began in 1928 and has been operating for 60 years. Annual production of shale 
oil topped 780,000 Ions 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 most be stripped in order to reach the coal, it 
is economical to retort the shale even though it is of low grade. Fischer Assay yield is about 53% oil, on average. 

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

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

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

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

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

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

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

A consortium of Lurgi and Kloeckner completed in 1988 a study concerning a 50,00) 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 showed a required sales revenue of $19.10 per barrel in order to generate an internal rate of return on total invest-
ment of 10 percent. The mean value of the petroleum products ex El Lajjun complex was calculated to be $21.40 per barrel. At 
that time a world oil price of $15.60 per barrel was needed to meet an internal rate of return on total investment of 10 percent. 

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

KIVflER PROCESS - Estonia (5-120) 

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

To meet the needs of re-equipping of the oil shale processing industry, a new generator was developed. The first 1,000 ton-per-day 
('FPD) generator of this type was constructed at Kohtla-Jarve, Estonia and placed in operation in 1981. The new retort employs 
the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the semi-coking chamber. 
A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device into two semi-coking 
chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retorting zone without in-
creasing the thickness of the bed. Additional heating or 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, TPD 
retorts were put in operation also at Kohtla-Jarve. Alongside these units, a new battery of four 1,500 TPD retorts, with a new cir-
cular chamber design, is planned. Oil yield of 85% of Fischer Assay is expected. Due to tightened regulations for environmental 
protection, the terms of the new battery commissioning have been shifted to 1994-1995. 

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

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

Project Cost: Not disclosed 

MAOMING COMMERCIAL SHALE OIL PLANT - Maorning Petroleum Industrial Corporation, SINOPEC, Maomin& China (S-130) 

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

Two types of retort are used: a cylindrical retort with a gasification section, and a rectangular gas combustion retort. Oil shale 
throughput is 150 and 185 tons per day per retort, respectively. The present facility consists of two batteries containing a total of 42 
rectangular gas combustion retorts and two batteries with a total of 64 cylindrical retorts. 

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

A 50 megawatt power plant burning oil shale fines in 3 fluidized bed boilers has been planned and detailed compositional studies of 
the Maoming shale oil have been completed. These studies can be used to improve the utilization of shale oil in the chemical in-
dustry. 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (5-140) 

Mobil has indefinitely deferred development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
United States Bureau of Land Management completed the Environmental Impact Statement for the project in 1986. 

MOROCCO OIL SHALE PROJECT— ONAREP, Royal Dutch/Shell (5-150) 

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,) barrels per day plant. However, the project faced con-
straints of low oil prices and the relatively low grade of oil shale.
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Construction of a pilot plant at Timandit was completed with funding from the World Bank in 1984. During the first quarter of 
1985, the plant went through a successful shakedown test, followed by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the T3 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 73 process developed jointly by Science Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres 
(ONAREP) of Morocco. The 73 process consists of a semi-continuous dual retorting system in which heat from one vessel that is 
being cooled provides a portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 
100 tons of raw shale per day capacity using 17 gallons per ton shales. The design of a demonstration plant, which will have an ini-
tial output of 280 barrels per day, rising to 7,800 barrels per day when full scale commercial production begins, has been deferred. 
A commercial scale mine development study at Timandit was conducted by Morrison-Knudsen. 

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

The project, inactive for some time, began being reconsidered in 1990 by the equal partners. The viability of a 50,000 barrel per 
day plant that would process 60 million tonnes of shale is under examination. ONAREP expects the cost of development to be 
around $24.25 a barrel. 

Project Cost: $25 billion (estimated) 

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

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

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

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

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

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

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

The project was to be a 1,200 barrel per day demonstration of the modified in situ (MIS) retorting process. Estimates indicate that 
there are more than 4.5 billion barrels of recoverable oil at the site. Also included in the project were plans for a 33 megawatt oil 
shale fired power plant to be built at the C-b tract. Such a power plant would be the largest of its kind in the world. 

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

Project Cost: $225 million for demonstration
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PAMA OIL SHALE-FIRED POWER PLANT PROJECt' - PAMA (Energy Resources Development) Inc. (8-270) 

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

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

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

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

PAMA and Israel Electric (the sole utility of Israel) have also embarked on a project to build a full scale oil shale-fired commercial 
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 demonstration plant 

PARACHUTE CREEK SHALE OIL PROJECT - UNOCAL Corporation (5-160) 

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 on per day and producing up to 800 barrels of shale oil per day. 

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

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

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

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (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. 

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

At year-end 1990, Unocal had shipped over 43 million barrels of syncrude from its Parachute Creek Project. Unocal announced 
the shale project booked its first profitable quarter for the first calendar quarter of 1990. Positive cash flow had been achieved 
previously for select monthly periods; however, this quarter's profit was the first sustained period of profitability. Cost cutting ef-
forts further lowered the breakeven point on operating costs approximately 20 percent. 

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

On March 26, 1991, Unocal announced that production operations at the facility would be suspended because of failure to consis-
tently reach the financial break-even point. Production ended June 1, 1991 and the project was laid up for an indefinite period. 
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Unocal has offered to sell the Parachute facilit y to the U.S. Denartment of Ener gy (DOE) as a research test facility but has 
received no commitment from DOE to date. 

Project Cost: Phase I - Approximately $1.2 billion 

PETROSIX - Petrobras (Petroleo Brasileiro, SA.) (5-170) 

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

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

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

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

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

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

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

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

Operations time, hrs	 126,400 
Oil Produced, Bbl	 3,360,000 
Processed Oil Shale, tons 	 7,070, 
Sulfur Produced, tons	 568,130 
High BTU Gas, tons	 121,60) 

A 36-foot inside diameter retort, called the industrial module, has been constructed. Startup besan in January, 1992. Total invest-
ment was US$93 million with an annual operating cost estimated to be US$39 million. With the sale of gas to Industria Ceramica 
do Parana (INCEPA) and anticipated revenue from products, the rate of return on the overall project is estimated to be about 
13 percent. 

Construction of the unit has been completed. Startup was scheduled for December 1991. 

With the 36-fool (11-meter) diameter commercial plant the daily production of the two plants will be: 

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

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

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

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

Project Installed Costs: $93 (US) Million
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RAMEX OIL SHALE GASIFICATION PROCESS—Greenway Corporation and Ram" Synfuels International, Inc. (S-iso) 

On May 6, 1985 Ramex began construction of a pilot plant neat 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 product an industry 
quality gas (greater than 800 BTUs per standard cubic foot). 

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

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

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

In late July, 1988 a letter agreement was signed between Tr-Gas Technology, Inc., the licensee of the Ramex process in Indiana, 
and J. M. Slaughter Oil Company of Ft. Worth, Texas to provide funding for drilling a minimum of 20 gas wells, using the Ramex 
oil shale gasification process, on the leases near Henryville, Indiana. Arrangements were made with Midwest Natural Gas to hook 
up the Ramex gas production to the Midwest Pipeline near Henzyville. 

As of May, 1989 Ramex had been unsuccessful in sustaining long-term bums. They therefore redesigned the burner and built a 
much larger model (600,000 BTU per hour vs 40,000 BTU per hour) for installation at the Henryville site. In November, 1989 
Ramex 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. Ramex contracted with a major research firm to complete the design and material selection of its commer-
cial burners which they say are 40 to 50 percent more fuel efficient than most similar industrial units and also to develop flow 
measurement equipment for the project. Ramex received a patent on its process on May 29, 1990. 

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

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

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

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

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

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

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

RIO BI.ANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (5-190) 

The proposed project is on federal Tract C-a in Piceance Creek Basin, Colorado. A bonus bid of $210.3 million was submitted to 
acquire rights to the tract which was leased in March 1974. A four-year modified in situ (MIS) demonstration program was com-
pleted at the end of 1981. The program burned two successful retorts. The first retort was 30 feet by 30 feet by 166 feet high and 
produced 1,907 barrels of shale oil. It burned between October and late December 1980. The second retort was 60 feet by 60 feet 
by 400 feet high and produced 24,790 barrels while burning from June through most of December 1981. Open pit mining-surface 
retorting development is still preferred, however, because of much greater resource recovery of 5 versus 2 billion barrels over the 
life of the project. Rio Blanco, however, could not develop the tract efficiently in this manner without additional federal land for 
disposal purposes and siting of processing facilities, so in August 1982, the company temporarily suspended operations on its 
federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In August 1987, the suspen-
sion was renewed.
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Federal legislation was enacted to allow procurement of off-tract land that is necessary if the lease is to be developed by surface 
mining. An application for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of 
the Colorado Bureau of Land Management, an environmental impact statement for the proposed lease for 84 Mesa has been 
prepared by the Bureau of Land Management. However, a Record of Decision was never issued due to a suit filed by the National 
Wildlife Federation. 

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

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

Project 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-200) 

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

Under a new agreement between the venturers, which became effective in February 1982, I3sso 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 25,0 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 provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$123 in 1987. 
Each partner to have a 50 percent interest in the project. 

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

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

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

Project Cost: US$2.65 billion total estimated 

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

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

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

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

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

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 
reserves. 

The overall SN' development plan includes three stages, commencing with a low capital cost, semi-commercial plant at 6,000 tonnes 
per day of high grade shale feed producing 4,250 barrels per day of oil. SPP/CPM have received proposals from two engineering 
firms for the construction of the 6,ODO tonne per day plant. Once the retorting technology is proven the second stage plant at 
25,000 tons per day of shale producing 14, barrels per day of syncrude from an intermediate grade will be constructed. Stage 
three is a replication step with five 25,000 ton per day units producing 60,000 barrels per day of syncrude from average grade shale, 
or approximately 15 percent of the projected Australian oil import requirement in the year 2000. 

According to SNP, the estimated cost is US$110 million for the first stage demonstration plant to be located near Gladstone, includ-
ing services connection and product storage. At 1990 prices for low sulfur fuel oil in Australia, it is said that operation of the 
demonstration plant will at least break even and possibly earn as much as 15 percent DCFROI. Stage I of the project will benefit 
from a recently announced lax exemption which will apply to about 40 percent of the plant's output. Refined products will be ex-
empt from excise taxes amounting to US$0.2075 per liter for a total savings to the project of US$190 million over a 10-year period. 
The exemption is guaranteed until the year 2005. After a year of operation it is expected that sufficient data and operating ex-
perience will have been gathered to scale up the technology to full commercial size (25, 	 tonnes per day). 

SPP/CPM recently announced that they have received a definitive proposal for construction of Stage 1 of the project. The com-
panies will now begin discussions with potential investors. 

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

Project Cost: For commercial demonstration module A$90 million 

t.Tfl- 3000 RETORTING PROCESS - Estonia (S-230) 

The LTTT-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 LTTT-3000 retorts makes it possible to build units of large scale, to process shale particle sizes of 
22 millimeters and less including shale dust, to produce liquid fuels for large thermal electric power stations, to improve operating 
conditions at the shale-burning electric power stations, to increase (thermal) efficiency up to 86-87 percent, to improve sulfur 
removal from shale fuel, to produce sulfur and other sulfur containing products (such as thiophene) by utilizing hydrogen sulfide of 
the semicoke gas, and to extract valuable phenols from the shale oil water. Overall the air pollution (compared to direct oil shale 
combustion) decreases. 

The two UTI'-3000 units built at the Estonian ORES with a productivity of 3,000 tons per day are among the largest in the world 
and unique in their technological principles. However, these units have been slow in reaching full design capacity. 

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

As a result of these changes, the functioning of the UIT.3000 improved dramatically in 1984 in comparison with the period of 
1980-1983. For instance, the total amount of shale processed in the period 1980-1983 was almost the same as for only 1984, i.e. 
79,100 tons versus 80,100 in 1984. The total shale oil production for the period 1980-83 was 10,500 tons and approximately the same 
amount was produced only in 1984. The average output of shale oil per run increased from 27 tons in 1980 to 970 tons in 1984. 
The output of electric energy for Estonia-Energo continued constant in 1983 and 1984, by burning 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 U117-3000. 

In 1985, the third test of the reconstructed boiler TP-101 was carried out by using the shale oil produced at the UTF-3000. The im-
provement of the working characteristics of UTF-3000 has continued.
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COMMERCIAL PROJECTS (Continued) 

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

YAAMBA PROJECT — Yaamba Joint Venture Ilieloba Pty. Ltd. (10%), Central Pacific Minerals N.L. (3.39o), Southern Pacific 
Petroleum N.L. (3.3%), Shell Company of Australia Limited (41.66%), and Peabody Australia Ply. Ltd. (41.66%)] (S-240) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 
Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at more than 4.8 billion 
barrels in situ extending over an area of 32 square kilometers within the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams extending through 
the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 
the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

During 1988, activities in the field included the extraction of samples for small scale testing and the drilling of four holes for further 
resource delineation. 

In December, 1988 Shell Australia purchased a part interest in the project. Peabody Australia manages the Joint Venture which 
holds two "Authorities to Prospect" for oil shale in an area of approximately 1,080 square kilometers in the Yaamba and Broad 
Sound regions northwest of Rockhampton. In addition to the Yaamba Deposit, the "Authorities to Prospect" cover a second 
prospective oil shale deposit in the Herbert Creek Basin approximately 70 kilometers northwest of Yaamba. Drilling in the Her-
bert Creek Basin is in the exploratory stage. 

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

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

Project Cost: Not disclosed

R&D PROJECTS 

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

Lawrence Livermore National Laboratory (LLNL) has, for over the last 5 years, been studying hot-solid recycle retorting in the 
laboratory and in a I tonne per day pilot facility and have developed the LLNL Hot Recycled-Solids Retort (HRS) process as a 
generic second generation oil shale retorting system. Much progress has been made in understanding the basic chemistry and 
physics of retorting processes and LLNL believes they are ready to proceed to answer important questions to scale the process to 
commercial sizes. LLNL hopes to conduct field pilot plant tests at 100 and 1,000 tonnes per day at a mine site in western Colorado. 

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

In 1990, LLNL upgraded the facility to process 4 tonnes per day of raw shale, working with the full particle size (0.25 inch). Key 
components of the process are bein g studied at this scale in an intearated facility with no movin g parts using air actuated valves and 
a pneumatic transport, suitable for scaleup. In April 1991, the first full system run on the 4 tonne per day pilot plant was own. 
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R & D PROJECTS (Continued) 

pitted. Since that time, the retort has successfull y operated on both lean and rich shale (22-386 nfl from western Colorado. LLNL 
plans to continue to operate the facility and continue conceptual design of the 100 tonne per day pilot-scale test facility. LLNL 
ioined with a consortium of industrial sponsors for its current operations in a 3 year contract to develop the HRS process. 

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

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

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

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

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

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

The cost of carrying out the initial market development phase of the commercial development plan was approximately $23 million, 
all of which was funded by Paraho. The major portion of the work conducted during this initial phase consisted of producing suffi-
cient quantities of shale oil to accommodate the construction and evaluation of several test strips of shale oil-modified asphalt 
pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in Paraho's pilot 
plant facilities, located near Rifle, Colorado in August, 1988. The retort was operated at mass velocities of 418 to 538 pounds per 
hour per square foot on 23 to 35 gallon per ton shale and achieved an average oil yield of 963 percent of Fischer Assay. In 1988, 
New Paraho installed a vacuum still at the pilot plant site to produce shale oil asphalt from crude shale oil. 

Eight test strips 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. A new test strip was recently completed on 1-20 east of Pecos, Texas. Construction is under way in 
Michigan for a test section of 1-75 near Flint. Additional test strips will be built on 1-70 east of Denver, Colorado and on US-59, 
northeast of Houston, Texas. 

In late 1990, Marathon Oil Company joined New Paraho in their work on the asphalt binder which they are calling SOMAT (Shale 
Oil Modified Asphalt Technology). 

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

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

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

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

New Paraho has proposed a 7-month, $500,000 commercial evaluation program to assess the economic benefits of coprocessing 
used tires with oil shale. Initial experiments have demonstrated that retort operations can be sustained with used tires as  percent 
of the feedstock. The company plans to recommission its pilot plant at Rifle, Colorado to carry out farther retorting experiments. 

Project Cost: $2,500,. (New Paraho spent $100,000 in 1987, $1,100,000 in 1988 and $778,000 in 1989 on shale oil asphalt 
research.) $180 million estimated for commercial scale plant.
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R & D PROJECTS (Continued) 

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

Northlake Industries, Inc. of Na ples. Utah and Unitah Basin Minerals. Inc. have si gned contracts pledging over $100 million to 
process Uintah Basin, Utah oil shale de posits with their QVR process. 

The OVR process was developed by Northlake over the last 10 years and provides a orofitable method of recovering liWt. sweet 
crude from shale oil, tar sands and coal. The proprietary techniq ue turns heavy oil at 10 to 13 API into oil with a 25 to 40 API. 

The first phase of the proiect will be gin with the design, construction, and installation of e q uipment. It is antici pated that the pilot 
Plant stage will be operational by mid-fall of 1991. 

If the development phase is successful, the com pany hopes to begin work on a I®.000 ton per day commercial production facility in 
1994. 

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

Exceptional geological occurrence of oil shale and brown coal in the A]eksinac basin has allowed an underground coal gasification 
(UCG) combined with in situ oil shale retorting. Previous mining activities of Aleksinac brown coal and development of oil shale 
utilization (see Yugoslavia Modified In Situ Retort - S-330, Synthetic Fuels Report, December 1990) served as principal support in 
establishing a development project aimed towards application of a new process, i.e. combination of UCG and in situ oil shale 
retorting to be tested for feasibility in a pilot UCG modulus. The project is a joint scientific and technological undertaking per-
formed by Yugoslavian and American staff. 
The objective of the approach is to develop a program to exploit the total Aleksinac energy resources to provide regional power 
and heating for Alcksinac and surrounding area using UCG technology and combining it with modified in situ retorting of oil shale 
as the immediate roof of the brown coal seam. 

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

Project Cost: 	 US$725,000
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COMPLETED AND SUSPENDED PROJECFS 

Proiect Sponsors Last Anoearance in SFR 

American Smcnide Indiana Project American Syacrude 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 
Desertt Generation & 
Transmission Coop. 

Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page 134 

Duo-Ex Solvent Extraction Pilot Solv-Ex Corporation September 1989; page 2-55 

Eastern Oil Shale In Situ Project Eastern Shale Research Corporation September 1989; page 2-55 

Edwards Engineering Company Edwards Engineering March 1990; page 2-42 

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

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

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

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

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

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

Logan Wash Project Occidental Oil Shale Inc. September 1984; page 5-3 

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

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

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

Oil Shale Gasification Institute of Gas Technology; December 1978; page 8-3 
American Gas Association 

Pacific Project Cleveland-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 

RAPAD Shale Oil Upgrading Project Japanese Ministry of International Trade March 1990; page 2-52 
and Industry
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Seep Ridge Geokinetics Inc. 
Peter Kiewit Sons' Inc. 

Silmort Smith Kellogg Corporation 
Shale Energy Corporation of America 

Two Sand Wash Project Two Corporation 

Trans Natal T-Project Trans Natal, Gencor, Republic of 
South Africa 

Triad Donor Solvent Project Triad Research Inc. 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States 
Bureau of Mines 

United States Shale United States Shale Inc. 

Unnamed In Situ Test Mecco, Inc. 
Unnamed Fracture Test Talley Energy Systems 

White River Shale Project Phillips Petroleum Company 
Standard Oil Company (Ohio) 
Sun Oil Company 

Yugoslavia Inclined Modified In Situ Retort United Nations

Match 1986; page 2-54 

March 1985; page 2-72 

March 1990; page 2-48 

March 1991; page 2-30 

December 1988; page 2-48 

December 1983; page 2-52 

March 1985, page 2-72 

September 1978; page 13-3 
September 1978; page B-I 

March 1985; page 2-72 

December 1990; page 243 
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Company or Ornization 

Amoco Corporation 

Beloba Pty. Ltd. 

Central Pacific Minerals 

Chevron Shale Oil Company 

Conoco Inc. 

Esperance Minerals NL 

Esso Exploration and Production Australia Ltd. 

Exxon Company USA 

Fushun Petrochemical Corporation 

Greenvale Mining NI. 

Greenway Corporation 

Jordan Natural Resources 

Lawrence Livermore National Laboratory 

Maoming Petroleum Industrial Corporation 

Marathon Oil Company 

Mobil Oil Corporation 

New Brunswick Electric Power Commission 

New Paraho Corporation 

Northlake Industries, Inc. 

Occidental Oil Shale, Inc. 

Office National de Recherche et 
dExploitation Petrolieres 
(ONAREP) 

PAMA Inc. 

Peabody Australia Pty. Ltd. 

Petrobras 

Ramex Synfuels International 

Rio Blanco Oil Shale Company 

Royal Dutch/Shell

Project Name 

Rio Blanco Oil Shale Project (C-a) 

Yaamba Project 

Stuart Oil Shale Project 
Condor Project 
Rundle Project 
Yaamba Project 

Clear Creek Project 

Clear Creek Project 

Esperance Oil Shale Project 

Rundle Project 

Colony Shale Oil Project 

Fushun Commercial Shale Oil Plant 

Esperance Oil Shale Project 

RAMEX Oil Shale Gasification Process 

Jordan Oil Shale Project 

LLNL Hot Recycled-Solids (HRS) Retort 

Maoming Commercial Shale Oil Plant 

New Paraho Asphalt From Shale Oil 

Mobil Parachute Oil Shale Project 

Chatham Co-Combustion Boiler 

New Paraho Asphalt From Shale Oil 

Northlake Shale Oil Processing Pilot 

Occidental MIS Project 

Morocco Oil Shale Project 

PAMA Oil Shale-Fired Power Plant Project 

Yaamba Project 

Pet rosix 

Ramex Oil Shale Gasification Process 

Rio Blanco Oil Shale Project (C-a) 

Morocco Oil Shale Project

2-41 

2-46 

2-42 

2-43 

2-43 

2-39 

SINOPEC
	 Fushun Commercial Shale Oil Plant 	 2-38 

Maoming Commercial Shale Oil Plant 	 2-39 
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Uintah Basin Minerals, Inc. 

Unocal Corporation 

Union or Soviet Socialists Republics 

United Nations

Project Name	 LU! 

Stuart Oil Shale Project 2-44 
Condor Project 2-37 
Rundle Project 244 
Yaamba Project 2-46 

Northlake Shale Oil Processing Pilot 248 

Parachute Creek Shale Oil Program 241 

Estonia Power Plants 2-38 
Kiviter Process 2-39 
UTF-3000 Retorting Process 245 

Yugoslavia Combined Underground Coal Gasification and 
In Situ Oil Shale Retort 248
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Southern Pacific Petroleum 

Yaamba Joint Venture	 Yaamba Project 	 2-46 
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PROJECT ACTIVITIES 

CHEVRON CANADA RESOURCES INITIATES 
STEEPBANK PILOT FOR HASDRIVE PROCESS 

Chevron Canada Resources has started a new pilot project 
utilizing the FiASDrive (heated annulus steam drive) process 
to recover bitumen from the Athabasca oil sands. The pilot 
plant is located on Chevron's Steepbank oil sands lease lo-
cated about 30 miles northeast of Fort McMurray, Alberta, 
Canada. 

In the HASDrive process, a horizontal weilbore is drilled 
into the oil sands formation. Steam is circulated in the 
cased wellbore thereby transferring heat into the oil sand. 
Two vertical injection wells are used to inject steam into the 
formation at points along the heated horizontal channel 
(annulus), driving the heated bitumen toward a production 
well placed between the injection wells. 

Operations commenced November 1, 1991 with steam cir-
culation in the horizontal well. The project cost is 
$12.7 million. 

OSLO APPLICATION REVIEWED 

The OSLO ART (Other Six Leases Operation Application 
Review Team) recommended in November that the 
Canadian Government reopen the application for the OSLO 
commercial oil sands development. The application is on 
hold because the government withdrew its offer of 
C$750 million cash and a C$1 billion loan to support the 
project. The Canadian National Energy Board instead had 
recommended to develop arctic oil resources as being more 
economically feasible. Prime Minister Mulroney had said 
that he would review the project funding, although no orn-
cial word has been given. 

OSLO ART recently published theft comprehensive project 
assessment report for the oil sands surface mining and 
bitumen extraction plant. According to the report the 
proposed project involves using conventional surface mining 
techniques to strip the overburden and mine the oil sands. 
Bitumen would be extracted from the oil sands by a hot 
water process, diluted, and then transported by pipeline to 
the upgrader. Using hydrogen addition technology, the 
upgrader would convert the bitumen into synthetic crude oil 
suitable as feedstock for conventional refineries. 

The project facilities would include a surface mine and ex-
traction plant located near Kearl Lake, approximately

60 kilometers north of Fort McMurray, Alberta. The 
upgrader would be located just south of Redwater, Alberta. 
The two components would be connected by pipelines, one 
to bring diluted bitumen to the upgrader, and another to 
return the diluent to the bitumen production facilities near 
Kearl Lake (Figure 1). 

The project undertaking is a joint venture by the owners of 
six oil sands leases in the Fort McMurray area. The OSLO 
consortium and theft respective interests are: 

Alberta Oil Sands Equity, 10 percent 
Canadian Occidental Petroleum Ltd., 20 percent 
Esso Resources Canada Ltd., 25 percent 
Gulf Canada Resources Ltd., 20 percent 
Pan Canadian Petroleum Ltd., 10 percent 
Petro-Canada Inc.,15 percent 

After 2 years of study the OSLO consortium has decided it 
can go no further without government support. 

The main technical issues of the 2-year effort were grouped 
into the following areas: mining project area, resource base, 
mining and discard sites, extraction and tailings, upgrading 
and utilities. 

Preparation of the project design basis by OSLO's technical 
staff has been under way since 1989. Some key aspects of 
the design basis, such as water management plans, details of 
the upgrader facility design, and a tailings management 
scheme have been completed. The mine plan was also estab-
lished in detail. 

Mining Method Selection 

OSLO stated that a truck-and-shovel mobile mining method 
has been selected for the project by applying a screening 
method which examined an exhaustive list of potential equip-
ment and methods. An examination of four short-listed alter-
natives led to a final short list of two methods for detailed 
comparison. A truck-and-shovel mobile method and a 
shovel-and-mobile-crusher method were evaluated by com-
pleting 35-year mine plans for each. Detailed economic and 
risk analysis conducted by OSLO judged the two methods to 
be equally attractive. Based upon the technical analysis, 
which considered factors such as geology, feed reliability, 
flexibility, waste management, and technology, the truck-
and-shovel mobile option was judged superior. OSLO also 
stated that the equipment selected differs from that at 
Syncrude Canada Ltd. and Suncor Inc. operations or from 
that previously proposed by Alsands, primarily because of dif-
ferences in geology, but also because of a different economic 
environment and technology. 
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FIGURE 1 

OSLO PROPOSED PROJECT FACILITIES LOCATION 
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The OSLO mining subcommittee agreed with the approach 
taken to select a mining method. However, it recommended 
that OSLO continue testing new mining technologies includ-
ing borehole mining and dredging. 

OSLO presented the results of a study comparing three dif-
ferent areas for opening the mine. Factors examined in-
cluded ore-grade fluctuations, in-pit waste management, over-
burden stripping, and haulage. A southwest opening was 
selected. This optimized waste management, stripping ratio, 
pit floor strength conditions, and feed-grade considerations.

In terms of waste management, OSLO plans to utilize exter-
nal waste areas during the initial 3 to 4 years. Further mine 
solid wastes would then be placed in the mined-out pit. Tail-
ings sand dumps would be developed at the external tailings 
site for the first 21 years after which in-pit disposal would ac-
commodate most of the sand volumes generated. All fine 
tailings (sludge) would be stored in-pit and below ground 
upon project completion. 

OSLO presented the assumptions and factors used to 
evaluate the pit wall treatment regarding in-pit dike design. 
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This evaluation examined the impacts of in-pit waste disposal 
associated with zero, partial, and full wall burial of the final 
pit wall with in-pit dike waste. The factors considered in-
clude resource sterilization, out-of-pit land disturbance, 
timing of in-pit disposal, operational and cost factors, and 
environmental impacts. OSLO recommended full wall 
burial based upon the following reasons: 

Less surface disturbance 
Reduced in-pit construction costs 
Reduced environmental impact 
Increased storage volume 

The Energy Resources Conservation Board (ERCB) staff 
stated that OSLO should develop an in-pit waste plan such 
that future recovery of oil sands at the final pit wall could 
take place without affecting the integrity of the in-pit dike 
structures. 

OSLO identified the existence of an extensive intercon-
nected watersands zone located primarily below the base of 
potential ore and found throughout most of the mine area. 
Pumping tests conducted by OSLO indicate the aquifer to be 
hydraulically uniform, confined to McMurray sediments, and 
conducive to depressurization using a relatively small num-
ber of high-capacity wells. OSLO states the wells would be 
placed adjacent to the pit limit, as mining progresses, to 
lower hydrostatic heads near the ultimate pit floor. Water 
quality analysis conducted by OSLO indicates the basal 
water is close to potable water standards but contains a low 
concentration of H25 gas. OSLO stated a method to treat 
this gas is being examined. All treated basal aquifer water 
will be used to either build up pre-production water inven-
tory in the tailings pond, or will be sent to the process water 
pond or mixed with other non-process waters in the inven-
tory control pond during operations. Water from the inven-
tory control pond may then be released to the Athabasca 
River to balance the project water requirements. The ERCB 
staff requested that OSLO address the effect of water inflow 
to the pit upon final wall stability and in-pit tailings after min-
ing cases. 

Overburden Discard Site 

OSLO identified four potential overburden sites in the 
northwest, northeast, southwest, and south where the 
resource quality was poor. The northwest and northeast 
sites were rejected owing to limited size. However, the 
northwest site is still considered by OSLO to be a potential 
candidate in the future. The west and south overburden site 
plans were presented to the subcommittee. Upon examina-
tion of the drilling information, the ERCB staff concurred 
with OSLO's interpretation that the oil sands resources un-
der these sites were unattractive using current surface mining 
methods. OSLO further identified the locations of five tem-
porary reclamation stockpiles assessed using guidelines 
similar to that listed above.

Conceptual designs and storage volumes were presented for 
the external waste areas and stockpiles. Temporary stock-
piles would be constructed primarily, as a winter operation, 
of drained selectively mined Holocene materials. Permanent 
waste areas would be constructed to contain overburden 
(excluding muskeg), mine, and extraction rejects. A portion 
of the southwest overburden dump and all of the south over-
burden dump are located over the Clearwater Formation 
which could be a foundation concern. Final dump designs 
will reflect the competency of the foundation materials en-
countered. 

Geotechnical details of the tailings dike design were largely 
unavailable; however, it can be stated that competent founda-
tion materials exist with the tailings pond location. The 
Clearwater Formation is limited to portions of the sand 
dump area. OSLO stated there was no evidence to suggest 
the presence of sinkholes within the project area based upon 
drilling and seismic data. 

OSLO stated its intention was to minimize out-of-pit storage 
and maximize in-pit storage of tailings. OSLO is currently 
studying disposal methods and plans on being able to 
achieve a uniform tailings stream density of 65 percent 
weight solids through cycloning of tailings and fines injection 
into the resulting stream. 

Reclamation and Environmental Issues 

With respect to drainage diversion, OSLO presented the 
program undertaken to establish existing hydrological condi-
tions. Peak flows are driven by snow melt and late summer 
rains. OSLO proposes to intercept all stream headwaters on 
the east side of the project using a two-phased ditch diver-
sion system which then enters Kearl Lake. 

The topic of creating a fishery in Kearl Lake was discussed 
and OSLO stated that because this lake was an operational 
component of the project, enhancement may be best focused 
in other areas. The ERCB staff stated this would be prudent 
owing to the attractive resource located beneath the south 
half of Kearl Lake and its inclusion in OSLO's lease develop-
ment plan. 

In regard to waste areas, all disturbed sites would be 
reclaimed to a state equivalent to or more improved than 
that which had existed prior to disturbance. Each site would 
be reclaimed to a geotechnically stable, non-erosive, and 
non-hazardous condition. Temporary stockpile locations 
would be based upon future reclamation needs. 

The environmental issues discussed focused upon the volume 
and duration of sludge accumulation prior to transfer in-pit, 
the recovery of bitumen from sludge, seepage of tailings 
fluids into the groundwater regime, and monitoring, control, 
and mitigative measures regarding seepage during operation 
and after abandonment. OSLO stated that extensive geologi-
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cal and hydrogeological data-gathering programs had been 
conducted to enable work to begin on modeling seepage and 
flow scenarios from the tailings site into the Pleistocene chan-
nel as well as the influence of the basal aquifer upon in-pit 
tailings. 

Extraction 

The selected extraction process should solve tailings manage-
ment problems of sludge toxicity and bulking, minimize fresh-
water consumption (make-up), and meet the ERCB's 
bitumen recovery objective of 95 percent from mined oil 
sands feed. OSLO was encouraged to optimize an extraction 
process that would be breakthrough" technology in terms of 
environmental cost and energy efficiency. 

After studying the problem, OSLO proposed a novel process 
for froth treatment called high temperature froth treatment 
(HTFT). Criteria used in OSLO's process selection included 
safety, technical suitability, capital cost, operating cost, and 
technological risk. Three viable froth treatment processes 
were considered: 

Centrifuging as used at Syncrude and Suncor plants 

- Three-stage inclined plate settlers (IFS) developed 
by Syncrude 

- HTFT developed by OSLO 

Following successful piloting, the HTFT process was selected 
for the design basis. 

Centrifuges present the highest risk to personnel safety be-
cause of operator exposure to rotating equipment and 
hydrocarbon vapors containing benzene and H

2
 S. Three- 

stage IPS poses a much lower safety risk owing to low-
pressure and low-temperature operation. However, the 
separation vessels contain large volumes of hydrocarbons 
which constitute a fife risk. The H'FF'F process operates at 
higher pressure and temperature but well within limits of 
technology. Volumes of hydrocarbon in separation vessels 
are less than the IFS. 

The HTFF process is considered the most suitable process 
because of the flexibility to use naphtha or condensate as a 
diluent, thereby providing the option to buy and sell diluted 
bitumen during shut-downs at either the bitumen production 
or upgrader sites. Additionally, diluent recovery and blend-
ing facilities would also be eliminated. Bitumen recovery is 
comparable to that achieved with centrifuges. The product 
quality is improved owing to low solids content, which can 
significantly improve OSLO's upgrader yield. Upgrader 
yield is expected to increase by 3 to 4 percent as compared to 
that from bitumen products from centrifuging and inclined 
plate settling processes. The process is the most cost-

effective with savings of over 30 percent in capital and 
40 percent in operating costs. 

OSLO proposes two-stage stripping for naphtha recovery 
from HTF'F tailings. It notes that from simulations with two 
stages of stripping, a naphtha recovery of 99.4 percent is ex-
pected. This is comparable to that from alternative froth 
treatment processes followed by naphtha recovery units. 
OSLO stated that the selected HTFT process requires fur-
ther development work in a larger scale pilot plant to obtain 
the degree of scale-up information required for a commer-
cial plant size design. This program would address process 
variable optimization and mechanical and operational issues. 

Upgrading 

The front-end fractionation design includes conventional 
atmospheric and vacuum pipestil facilities which provide the 
required bitumen feed components for the primary conver-
sion unit. The facilities have been sized based on a naphtha-
to-bitumen ratio of 37:63. The design also includes a diluent 
return stabilizer, because condensate will be used as the 
diluent for bitumen extraction at Lease T31. 

Recently completed diluent and bitumen blending studies 
have confirmed a 38:62 naphtha-bitumen ratio for the 
diluted bitumen feed to the upgrader. Because there is only 
a slight difference from the previous basis, no changes to the 
current design are required. 

Primary Conversion and Hydrotreating 

The rmal primary conversion and hydrotreating design is 
based on Veba Combi-Cracking (VCC) technology. It is a 
two-train design with a total bitumen feed rate of 
13,100 cubic meters per stream day. Design conversion is 
95 weight percent and the liquid volume yield of synthetic 
crude oil (SCO) is 104.9 percent of the bitumen feed. The 
overall upgrading service factor is 82.7 percent and is based 
on an analysis of operating and maintenance histories of com-
parable technologies. 

The facilities design also includes an SCO stabilizer and ab-
sorber depropanizer for each VCC train. OSLO has chosen 
the Rutgers technology for the solidification of the VCC 
residue and has confirmed the operability of the process by 
pilot testing. Stockpiling the VCC residue is the current 
design basis, but OSLO intends to pursue marketing oppor-
tunities. 

OSLO has chosen, as its current hydrogen supply design 
basis, a two-train conventional hydrogen plant with Pressure 
Swing Adsorption technology for purification and hydrogen 
recovery units to recover excess hydrogen from the high-
pressure VCC purge gas. The facilities are designed for the 
production of 24.2 tonnes per hour of 99.5 percent pure 
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hydrogen using natural gas and medium-pressure VCC gas 	 Redwater Upgrader 
as feedstock. 

OSLO has chosen deep-well disposal as the design basis for 
handling sour water. The system design includes two wells 
with the necessary flash and de-oiling facilities for the 
pretreatment of sour waters. All upgrading sour waters 
would be handled in one system, while brine from the crude 
oil desalter in the fractionation facilities would be handled in 
a second, segregated system. 

OSLO did consider conventional sour water stripping with 
effluent discharge to the river; however, the option was 
rejected primarily on the basis of economics. OSLO con-
sidered water reuse as an option; however, the stripped sour 
water would not be of sufficient quality for this purpose and 
hence reuse was ruled out. OSLO also considered the dis-
posal option more favorable from an environmental perspec-
tive as loading to the sulfur plant would be reduced and 
hence SO  and CO  emissions would decrease marginally 

Utilities and Off-Sites 

A preliminary plot layout for the Redwater upgrader was 
reviewed. Features that would be incorporated into the 
design include environmental buffers and space allocations 
for future facilities expansion. Space would be provided for 
about 8 years storage (based on 95 percent conversion in the 
upgrader) of the solidified upgrading residue. The subcom-
mittee requires that OSLO provide more detail on the en-
vironmental and technical design of its emergency sulfur pad 
and contingencies in the event of sulfur marketing problems. 

The primary objectives of the water management strategy 
are to minimize Athabasca River water withdrawal and to 
maximize water reuse while striving for zero discharge of 
process water. OSLO noted, however, that if tailings 
dewatering were to be particularly effective, it is conceivable 
that some process water may need to be discharged, in which 
case the effluent would have to comply with regulatory 
guidelines.

OSLO has not completed the development of the water 
management strategy for the upgrader site. OSLO's 
philosophy will be to maximize recycle and minimize fresh-
water make-up. The design would incorporate deep-well dis-
posal to handle all sour waters and possibly regeneration 
wastes. 

The design also incorporates a recirculating cooling water sys-
tem, although OSLO intends to maximize, the use of airfin 
cooling when possible. When asked to consider a once-
through cooling water system, OSLO explained that the 
process had been rejected because of the potential for con-
tamination in the event of a high-pressure oil leak. To ac-
count for such potential would require considerably over- 
sized dc-oiling facilities. OSLO will be required to 
demonstrate the technical and economic viability of alterna-
tives to the cooling tower system. 

The steam generation facilities for the upgrader would in-
clude two systems, a utility system and an upgrading conver-
sion system. The utility system design includes three to four 
gas-fired package boilers, each rated at 91 tonnes per hour. 
The upgrader conversion steam system would include two 
unitized facilities (one for each upgrader train) which utilize 
process steam to generate power. 

OSLO has completed an alternative fuels study which indi-
cated that natural gas is the environmentally and economi-
cally preferred fuel. OSLO estimates about 340 x 106 cubic 
meters per year of natural gas is required for Lease TM and 
another 740 x 106 cubic meters per year is required for the 
upgrader. 

OSLO estimated the power import requirements for 
Lease T31 and the upgrader at 47 megawatts and 
40 megawatts respectively. Another 20 megawatts is re-
quired at the upgrader and will be generated on-site using 
steam turbines in the upgrader conversion steam system. 

#fl# 
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BP AND PETRO-CANADA TRADE WOLF LAKE 
INTERESTS TO AMOCO 

BP Canada Inc. and Petro-Canada ended a 3-year search for 
a buyer for the Wolf Lake project. Amoco Canada 
Petroleum Company Ltd. has acquired the Wolf Lake heavy 
oil project from BP and Petro-Canada in a deal involving as- 
set swapping as well as cash. No price was disclosed for the 
deal. 

Wolf Lake is located northeast of Edmonton, Ontario, 
Canada. The project was originally targeted as a 
C$500 million, 35,000 barrel per day operation. Last year it 
produced 7,000 barrels per day, and because of low prices, is 
expected to average less than 5,000 barrels per day this year. 

Due to the lower production, BP Canada will be writing off 
its investment, approximately CS110 million. Petro-Canada 
wrote off its 50 percent share in 1989. 

Amoco Canada is expected to absorb Wolf Lake into its 
heavy oil operations, although it has recently discussed reduc-
ing those holdings along with its 5 percent interest in the 
Syncrude Canada oil sands plant.

to the Iraqi invasion of Kuwait. Cash provided from operat-
ing activities was C$174 million, up from C$128 million in 
1990, with increased production levels offsetting lower 
prices. 

Higher levels of synthetic crude oil production proved to be 
the key. Production averaged over 70,000 barrels a day in 
March, making it the best month ever. Production records 
were also set for the first and second quarters. The plant has 
steadily and reliably produced more synthetic crude oil each 
year since 1987, excluding 1990, when a planned main-
tenance shutdown occurred (Figure 1). 

With the high-fixed-cost operation of the oil sands plant, in-
creasing production is the most important way to reduce unit 
production costs and improve profitability. In 1991, higher 
production levels enabled the group to maintain cash operat-
ing costs, which exclude capital expenditures and royalties, in 
the C$15.75 per barrel range, despite inflationary pressures. 

Since 1985, the average cost of producing a barrel of syn-
thetic crude oil fell 11 percent, because of improved produc-
tion efficiency. Suncor invested more than C$400 million in 
the Oil Sands Project to upgrade process and system controls 
in most areas of the plant. 

SUNCOR NOTES RECORD PRODUCTION IN 1991

Suncor's Oil Sands Group has steadily increased production 
and reliability. In its annual shareholder's report, the Com-
pany stated that production levels are being sustained at 
record rates and averaged 60,600 barrels a day in 1991. Im-
proved planning and execution of work, along with sizable 
investments to reduce risks and upgrade the oil sands plant, 
have increased production well above the earlier expecta-
tions. At the same time, cash operating costs (excluding capi-
tal expenditures and royalties) per barrel have fallen to 
C$15.75 from C$32 in 1985. 

While the Canadian oil and gas industry struggled, Suncor's 
strategies have continued to pay off. Suncor produced more 
synthetic crude oil and natural gas than ever before. 

Oil Sands 

Oil Sands Group achieved record production during 1991, 
with annual production of 22.1 million barrels of synthetic 
crude oil, or 60,600 barrels a day. Revenues were 
C$519 million compared with C$537 million for 1990, 
primarily as a result of lower crude oil prices. Earning of 
C$48 million were below the previous year's earnings of 
C$78 million, when oil prices were much higher in response
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In 1989, the royalty agreement with Noreen Energy 
Resources Limited on the operation's main lease was 
renegotiated to make it more price-sensitive. The rates, 
based on a graduated scale, 4 percent in 1991, are adjusted 
annually by an inflation factor. 

The current Crown royalty structure of January 1, 1992, re-
quires rates of the greater of 5 percent of gross revenues or 
30 percent of the sum of revenues minus allowed operating 
and capital costs. 

Suncor anticipates that it will have completed mining the 
reserves on Leases 86 and 17 in approximately 12 years. Sun-
cor is investigating alternatives to permit the Oil Sands 
Group to operate beyond 2003 and is currently engaged in 
discussions with the Government of Alberta regarding the 
establishment of a basis for extending the operation. 

There are a number of options currently being investigated 
for the future of the oil sands plant. It could continue to 
operate as an integrated open pit mining operation, using 
the significant bitumen in place that is within conveying dis-
tance of the plant and existing proven technology. In 1988, 
Suncor and other leaseholders carried out a joint drilling 
program on the adjacent leases on the east bank of the 
Athabasca River. This program confirmed the existence of 
high-quality bitumen leased by others that could extend the 
existing mining operations by over 30 years. Preliminary en-
gineering work has been completed and indicates that sig -
nificant expenditures would be required to establish a new 
mining operation on the east bank of the Athabasca River, 
to move the oil sand feed by conveyor to the existing extrac-
tion and heavy oil upgrading facilities and to meet an-
ticipated future environmental standards. 

Other options being investigated include potential new min-
ing technology alternatives such as transportation of oil 
sands by shiny pipeline, which could be more economically 
viable than conveying from remote deposits leased by Suncor 
or others. Various in situ extraction techniques may allow 
the recovery of bitumen without mining. A number of such 
technological developments are currently being evaluated by 
the industry. It may also be possible to supply bitumen to 
the upgrading facility via pipeline from the various operating 
commercial heavy oil and in situ heavy oil areas in Alberta. 

Under these options, Suncor could continue to be involved 
in the production and upgrading of bitumen or could func-
tion an a heavy oil upgrader. 

Burnt Lake 

Throughout 1991, progress continued on the Burnt Lake 
heavy oil pilot project. The Resources Group is testing a 
"cold" production technology to bring the viscous oil to the 
surface. Three of the four wells are producing good results.

Eleven Suncor wells are currently being tied in and will be 
tested in 1992. 

With over 250 million barrels of potentially recoverable 
heavy oil, Burnt Lake is considered one of the best heavy oil 
leases in Canada and could be a significant opportunity for 
Suncor. 

Cs RESOURCES CONCENTRATES ON HEAVY OIL 

According to an article in the Wall Street Journal. 
CS Resources Inc. is putting its entire exploration and 
development budget into fmding and producing heavy oil. 
Many Canadian producers think CS is foolish to bet ex-
clusively on the future of heavy crude. 

"Heavy oil is everywhere in Canada; you are tripping over it, 
not like in the United States, says D. Sharp, founder and 
president of CS Resources. "Sure, it would be nice to be in 
light crude or even producing natural gas, but this is a real 
opportunity and the future of the industry." 

In contrast, many Canadian producers have shut down 
production at their heavy-oil fields and deferred plans to 
produce more. 

While CS Resources is unique in its single-minded pursuit of 
heavy oil, other producers and analysts say new technology is 
helping to cut production costs and demand is starting to 
rise. 

The advent of horizontal drilling has made the recovery of 
larger quantities of heavy oil more economically feasible. As 
the term implies, a horizontal well is drilled sideways 
through an area of oil-bearing rock, allowing the company to 
access more reserves than it can with a conventional vertical 
well. Calgary-based Morgan Hydrocarbons Inc., says it costs 
only US$2.67 a barrel to produce heavy oil from the horizon-
tal wells it has drilled, compared with an average of C$4 a 
barrel for light crude produced from conventional vertical 
wells. 

Another sign of hope for companies with reserves of heavy 
oil is a likely increase in demand from upgraders, which con-
vert the heavy crude into a lighter, more valuable product. 
Demand for heavy crude from upgraders is expected to in-
crease by about 100,000 barrels daily as new upgrading 
capacity comes on stream in both the United States and 
Canada. That, producers say, will help to resolve an 
18-month-long oversupply problem that has kept prices low. 

In a report published last summer, Canada's National 
Energy Board concluded that the proportion of heavy oil in 
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Canada's total crude production will increase substantially. 
In 1990, the report said, 29 percent of crude produced in 
Canada was heavy grade, a figure the board expects to jump 
to 39 percent by 2010.

##fl 

CANADIAN HEAVY OIL ASSOCIATION REVIEWS 
VOLATILE YEAR 

The president of the Canadian Heavy Oil Association, 
D. Miller, in a January newsletter notes that 1991 was one of 
the most volatile periods in the industry's history. Beginning 
with some of the highest prices seen for heavy oil and ending 
with some of the lowest, the year spawned tremendous uncer-
tainty among those still involved in heavy oil production. 
While companies relying on thermal methods to produce 
bitumen struggled to achieve positive cash flows, mining 
operations producing synthetic crude oil showed good 
results. The growth in heavy/light differentials had a devas-
tating effect on producers while at the same time boosting 
profits for refiners with heavy oil processing capabilities. 

While the industry struggled for much of the year, the Heavy 
Oil Association continued to function and even expand its 
horizons. The culmination of many months of hard work 
resulted in the publication of the Reservoir Handbook. The 
association also agreed to share the sponsorship of an addi-
tional major technical conference. In conjunction with 
AOSTRA (Alberta Oil Sands Technology and Research 
Authority), the association will be presenting "Fueling the 
Future" in Calgary in June.

nEIL' 

ALBERTA ENERGY COMPANY RECORDS SUCCESSES 
AT SYNCRUDE, PRIMROSE 

In its 1991 Annual Report, Alberta Energy Company (ABC) 
says that it did well in 1991 compared to others, but that 
financial results were still unacceptably low. 

Due to record production at Syncrude, oil and natural gas li-
quids sales increased despite Interprovincial Pipe Line 
transportation bottlenecks and AEC's decision to shut in 
heavy gravity crude production during periods of very low 
prices. At Primrose, further success was achieved in the test- 
ing of advanced heavy oil recovery technology aimed at 
reducing capital and operating costs. 

Reserves 

AEC's calculated proven and probable reserves of crude oil 
and natural gas liquids totaled 22.4 million barrels at year

end, plus 193 million barrels of synthetic oil in ABC's share 
of the Syncrude project. The reserves do not include in situ 
heavy oil. ABC holds an estimated 25 billion barrels of 
heavy oil in place, net of the amount participants have 
earned or are entitled to earn, primarily on the Primrose 
Range in northeast Alberta. Over 3 billion barrels of the oil 
is contained within the Clearwater B formation at combined 
thicknesses of more than 33 feet. Using standard industry 
estimates of recoverability, AEC's share of recoverable oil is 
anticipated to be 300 to 680 million barrels from the 
Clearwater B alone. In situ heavy oil may be recognized as 
reserves on a progressive basis as commercial development 
projects proceed. 

In Situ Heavy Oil 

New technological developments which appear to have poten-
tial for early commercial application in the heavy oil sands 
deposits on the Primrose Range are in either pilot or ad-
vanced testing stages. Four wells have been producing for 
more than a year at rates averaging 140 barrels per day per 
well, using a newly developed "cold production" technique. 
This technique significantly improves the economics of in 
situ oil sands production by eliminating the capital necessary 
for steam injection facilities and by reducing operating costs. 
Work is under way to test this technology in another area of 
Primrose during 1992. 

ABC estimates that cold production technology could yield 
6,000 barrels per day by 1993, with a planned expansion to 
12,500 barrels per day in 1995, assuming adequate heavy oil 
prices and success of the technology. The corporation holds 
a 12.5 percent working interest and a 5.4 percent net profits 
interest in this potential development. 

Elsewhere at Primrose, a 25-well cyclic steam pilot is under 
way, and in another area of Primrose a new approach, using 
horizontal wells with steam stimulation,, is being tested. 
ABC holds a combination of working interest and/or net 
profits interest in the horizontal well venture, allowing it to 
choose the most profitable form of participation with very 
little capital exposure until commercial viability is estab-
lished. 

Syncrude 

A number of operations records were established in 1991 
which resulted in record annual synthetic oil sales net to 
ABC of 16,510 barrels per day. The higher production com-
bined with a comprehensive cost reduction program resulted 
in the unit cost of production being reduced by $1.05 per bar-
rel to $16.48. Good operational performance combined with 
ABC's royalty interest and low book carrying cost resulted in 
a strong profit contribution from Syncrude. 

Syncrude, which produces synthetic oil in an amount equal to 
18 percent of Canada's light- and medium-gravity oil produc-
tion, has sufficient proven reserves to maintain the 
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The first focuses on diesel fuel with the intent of meeting 
tougher environmental standards. The second, a hydrocrack-
ing, distillation, and hydrohandling process converts 50API 
residue into a 35 0API product. 

1991 production rate for 32 years. AEC owns a 10 percent 
working interest plus an average 7 percent overriding royalty 
on another 10 percent of Syncrude revenue. 

Contrary to the situation of some others in the industry, 
AEC does not need to write down its value for Syncrude. 
The market value of the Syncrude assets is considerably 
more than the company's book value. 

Pipelines 

AEC received an Energy Resources Conservation Board per-
mit to install and operate an interconnection between AEC's 
Cold Lake Heavy Oil Pipeline and a pipeline system access-
ing the new biprovincial heavy oil upgrader at Lloydminster. 
The interconnection, expected to be in service by the third 
quarter of 1992, will add another market for Cold Lake area 
heavy oil. 

As a result of record output from Syncrude, the Alberta Oil 
Sands Pipeline transported a record 165,000 barrels per day. 
During the year AEC assumed operating responsibility for 
the Redwater Pipeline which transports conventional crude 
oil from the Redwater oil fields to the Edmonton area. 

MOBIL FORMS NEW BUSINESS UNIT 

Mobil Corporation announced it has established a new or-
ganizational unit with responsibility for business develop-
ment activities in republics of the former Soviet Union, East-
ern Europe, Mexico and Venezuela. Called the Strategic 
Ventures Group, it is headed by vice president, 
J.J. O'Connor, reporting to A.E. Murray, Mobil's chairman 
and chief executive officer. 

In recent months Mobil has submitted a proposal to develop 
oil and gas resources on Sakhalin Island in Russia, signed 
several joint study agreements in Western Siberia, intensified 
studies of new marketing, refining, and petrochemical oppor-
tunities in Eastern Europe, and signed a study agreement for 
oil exploration and production in Venezuela. These ac-
tivities will now be coordinated by the new unit. 

The agreement signed with Petroleos de Venezuela SA. 
(PDVSA) teams PDVSA with Mobil to study ways to 
develop Orimulsion and other projects, including heavy 
crude oil processing. Intevep, PDVSA's research institute, 
continues to develop heavy oil technologies in order to 
market them internationally. Two refining processes are 
being developed currently to convert heavy oil into usable 
products and Orimulsion.

JAPANESE GROUP BUYS INTEREST IN 
UNDERGROUND TEST FACILITY PROJECT 

Japex Oil Sands Ltd., a unit of Japan Petroleum Exploration 
Company, Ltd., has acquired an 83 percent interest in the 
steam assisted gravity drainage project under way at the Un-
derground Test Facility operated by the Alberta Oil Sands 
Technology and Research Authority. Phase B of the project, 
which uses horizontal wells drilled from underground plus 
steam injection, began construction in 1990. Total cost is es-
timated at $71 million. 

BP CANADA REFOCUSES EFFORTS 

Year-end figures released by BP Canada Inc. reflect the im-
pact of actions taken by the company in response to current 
and expected economic realities. 

"We took decisions that have had a negative effect on our 
1991 results, but which have positioned BP Canada for a 
profitable future," said D. Claydon, chairman. The company 
recorded a net loss of $171.5 million ($3.40 per share) for 
1991 compared with a net profit of $27.4 million for 1990. In 
light of the loss, the board of directors decided the company 
would not pay a dividend in April 1992. 

'Two factors had a major impact on the 1991 figures. We 
made a strategic decision to focus on one business and we 
recognized we were unlikely to recover our investment in our 
Wolf Lake oil sands asset. In addition, we further reduced 
staff levels and consolidated operations during 1991," said 
Claydon. When it became clear that the funds generated 
over the next several years were unlikely to be sufficient to 
support both oil and gas and mining, B? Canada decided to 
focus on oil and gas, its major business. At year end, a for-
mal plan of disposition was adopted for mining and sale is 
expected by the third quarter of 1992. 

The decision to take a full writedown on Wolf Lake is in 
keeping with BP Canada's earlier decision to focus on 
natural gas while maintaining its cash-generating conven-
tional crude oil business. The Wolf Lake writedown was 
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In late January, Suncor Inc. filed a preliminary prospectus 
with the Ontario Securities Commission and other provincial 
securities regulatory authorities on behalf of the selling 
shareholders. 

$67.9 million, after tax. Subsequent to the year end, the com-
pany signed a letter of intent with Amoco Canada for sale of 
its Wolf Lake assets. 

The decline in profits from conventional oil and gas was due 
primarily to lower prices, especially for heavier crudes, but 
also lower liquid sales volumes. 

SUN, ONTARIO SELL SUNCOR INTERESTS 

Sun Company, Inc. and Ontario Energy Corporation (OEC) 
made a secondary offering of 45 percent of the outstanding 
common shares of Suncor Inc. of Toronto. The shares are 
payable on an installment basis and were offered in Canada, 
Europe, and by way of private placement in the United 
States. 

Suncor, a Canadian integrated oil and gas company, is one of 
the largest oil producers in the country. The company ex-
plores for and produces conventional crude oil and natural 
gas in Western Canada, where it also operates the world's 
first commercial oil sands project. 

Previously, Sun of Radnor, Pennsylvania, owned ap-
proximately 75 percent of Suncor's common shares, white 
OEC, which is wholly owned by the Province of Ontario, 
owned 25 percent. Less than one-half of 1 percent of the 
common shares were held by the public.

Under the terms of the prospectus, upon completion of sale 
of 45 percent, Sun's ownership would be reduced to ap-
proximately 55 percent and OEC would no longer be a 
shareholder. 

The stock offering was expected to raise C$600 million for 
Suncor. The company says it needs to raise at least 
C$250 million to develop an alternate source of bitumen for 
its oil sands upgrading operation. The current bitumen 
reserve will be depleted within a decade. With roughly half 
the 1991 company earnings and two-thirds of the cash flow 
coming from its synthetic crude operation, Suncor cannot af-
ford to let future reserves remain untapped. 

The initial stock offering, however, was received cooly by the 
market. Suncor and Ontario then decided to cut the size of 
the offering by more than half, to only 18 percent of the com-
pany for C$190 million. The initial offering fell victim to in-
vestor apathy and a recent flood of new oil and gas issues, 
investment industry sources said. Instead of the hoped for 
$23 to $25 a share, the selling price was dropped to $19 a 
share.

nfl 
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GOVERNMENT 

NEW TAX CREDIT AVAILABLE FOR EOR PROJECI'S 

The Omnibus Revenue Reconciliation Act of 1990 provided 
certain benefits to alternative fuels such as an extension of 
the Internal Revenue Service (IRS) code Section 29 tax 
credit for nonconventional fuels. A less noticed provision of 
the act provides a new tax credit for enhanced oil recovery 
(FOR) projects under Section 43 of the IRS Code. On 
December 30, 1991 the IRS issued a series of temporary and 
proposed regulations for the implementation of this credit. 

In the 1990 tax act, Congress provided in Section 43 a tax 
credit equal to 15 percent of a taxpayer's qualified FOR 
costs for the year to be deducted from taxes otherwise owed. 

This new FOR credit is one of several tax credits included in 
the general business credit and is subject to certain limita-
tions and availability. First of all, the FOR credit is not avail-
able in any year in which the taxpayer is subject to the alter-
native minimum tax (AMT). 

The AMT rate is 24 percent (20 percent for corporations) of 
AMT income which is taxable income adjusted upward for 
preference items, including excess intangible drilling cost 
deductions and excess percentage depletion allowances. 

In other words, the FOR credit is available only to the ex-
tent that a taxpayer's tax liability in any tax year is greater 
than the AMT floor. 

To the extent the FOR credit is not available in any year be-
cause of the AMT, the unused portion can be carried for-
ward 15 years or back 3 years but not to any year 
before 1991. 

Qualified FOR Projects 

The FOR credit is available only for "qualified" FOR 
projects. Such projects are defmed as projects which: 

Involve the use of one or more tertiary recovery 
methods 

Can reasonably be expected to result in more than 
an insignificant increase in the amount of crude oil 
recovered 

Are located in the United States 

- The first injection of liquids, gases, or other matter 
began after December. 1990 

For an FOR project to be treated as qualified, the project 
operator must submit to the IRS a petroleum engineer's cer-
tification that the project meets all requirements.

The procedure for submitting petroleum engineer certifica-
tions is set forth in the temporary regulations issued by the 
IRS in December. 

In addition to the various identifying and descriptive details 
of the project, these regulations require the certification to 
include data on project reserve estimates with and without 
the FOR process, pre- and projected post-project production 
history, and delineation of the portion of the reservoir 
production which is expected to be increased by the project. 

The regulations require that the operator submit certificates 
annually during the project's life. 

The engineer's certification and the operator's annual 
follow-up certificates are particularly important because the 
proposed regulations do not define the required "more than 
an insignificant increase" in the amount of ultimately 
recoverable oil. 

Whether a particular FOR project satisfies this standard or 
not must be determined considering the engineer's certifica-
tion and data contained therein. 

The proposed regulations make clear that application of a 
recovery method that merely accelerates the rate of the 
recovery process does not meet the required standard. 

Qualifying FOR Methods 

The proposed regulations also define what recovery methods 
will be deemed "tertiary recovery methods" in qualifying for 
the EOR credit. These include: 

- Miscible fluid displacement 
- Steam drive injection 
- Micro-emulsion flooding 
- In situ combustion 
- Polymer augmented waterflooding 
- Cyclic steam injection 
- Caustic flooding 
- Carbon dioxide augmented waterflooding 
- Immiscible carbon dioxide displacement 

To account for advances in FOR technology, the regulations 
provide that the IRS may, by revenue ruling, approve a 
method not specifically listed in the regulations to be 
deemed a qualified recovery method. Such additional 
methods, as a general matter, will be limited to those involv-
ing displacement of oil from reservoir rock by means of 
modifying the properties of fluids in the reservoir or provid-
ing the energy and drive mechanism to force flow to a 
production well.
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ticularly attractive where a Section 29 credit is available and 
in various scenarios where the AMT applies. 

The proposed regulations state that the following recovery 
methods do not quali 

Waterflooding 
Cyclic gas injection 
Horizontal drilling 
Gravity drainage 

If production from a qualified EOR project is from a source 
also entitled to the Section 29 credit, such as shale or tar 
sands, the Section 29 credit must be reduced by the EOR 
credit being claimed. 

To avoid the impact of these limitations on deductions and 
Section 29 credits, a taxpayer may elect to have the EOR 
credit not apply in any given year. This option may be par-

The EOR credit is ratably reduced over a $6 phéseout range 
in any year in which the preceding year's crude oil "reference 
price is greater than $28 per barrel adjusted for inflation. 

ERCB ISSUES ORDERS AND APPROVALS IN OIL 
SANDS AREAS 

The recent orders and approvals in the oil sands area issued 
by Alberta's Energy Resources Conservation Board are 
listed in Table 1 (next page). 
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TABLE 1

SUMMARY OF OIL SANDS ORDERS AND APPROVALS 

Order Expires/ 
Number Date Description Rescinds 

App 4198D 18 Dec 91 Experimental oil sands schemes 30 Jun 92 
AOSTRA 
Athabasca Area 

App 4785E 20 Dec 91 Commercial oil sands schemes 31 Dec 2013 
Suncor Inc. 
Primrose Sector 

App 6512A 6 Dec 91 Primary recovery schemes 
PanCanadian Petroleum Ltd. 
Lindbergh Sector 

App 6619A 31 Dec 91 Primary recovery schemes 
C.S. Resources Ltd. 
Pelican Lake Area 

App 63349A 6 Nov 91 Experimental oil sands schemes 31 Dec 91 
Esso Resources Canada Ltd. 
Cold Lake Sector 

App 57180 21 Nov 91 Commercial oil sands schemes 30 Jun 2018 
Amoco Canada Resources Ltd. 
Primrose Sector 

App 3369F 5 Feb 92 Experimental oil sands schemes 31 Dec 95 
Esso Resources Canada Ltd. 

App 5561B 5 Feb 92 Experimental oil sands schemes 31 Dec 92 
Esso Resources Canada Ltd. 
Cold Lake Sector 

App 63490 5 Feb 92 Experimental oil sands schemes 30 Jun 92 
Esso Resources Canada Ltd. 
Cold Lake Sector 

App 6764 27 Feb 92 Experimental oil sands schemes 31 May 92 
Norwest Oil & Gas Corp. 
Lindbergh Sector 

App 3950F 5 Feb 92 Commercial oil sands schemes 31 Dec 2015 
Esso Resources Canada Ltd. 
Cold Lake Sector 

App 4491E 25 Feb 92 Commercial oil sands schemes 31 Aug 92 
Amoco Canada Petroleum Co. Ltd. 
Lindbergh and St. Paul Sectors

nfl
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ENERGY POLICY AND FORECASTS 

ERCU FORECASTS ENERGY REQUIREMENTS FOR 
ALBERTA 1990-2005 

According to the Alberta, Canada Energy Resources Conser-
vation Board (ERCB) the province's total primary energy 
requirements from conventional crude, bitumen, natural gas, 
natural gas liquids, coal, hydro, and wood will increase at an 
annual rate of 3.1 percent from 2,646 petajoules (P3) in 1990 
to 4,189 PJ in 2005. in the same time period the secondary 
energy requirements for residential, commercial, industrial 
and transportation needs from natural gas, electricity, 
propane, light fuel oil, kerosene, and heavy fuel oil is ex-
pected to increase 2.1 percent annually. This will range from 
1,072 PJ in 1990 to 1,428 PJ in 2005. Figure 1 shows 
Alberta's primary and secondary energy requirements. 

Energy Outlook 

The ERCB notes that Alberta's prosperity and energy re-
quirements, as an energy exporting province, are strongly af-
fected by external energy markets. The province is Canada's 
leading producer of crude oil, bitumen, natural gas, natural 
gas liquids, sulfur, and coal. Figure 2 shows the pattern of 
future energy resource production projected for Alberta, 
while Figure 3 shows energy shipments to markets outside 
the province.
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A description follows of Alberta's primary energy resources, 
including the upgrading of crude oil to refined petroleum 
products, bitumen to synthetic crude oil (SCO), natural gas 
to petrochemical products, and coal and natural gas to 
electricity. 

Oil Refinery Feedstocks 

Oil refineries use mainly crude oil, butane, and natural gas as 
feedstock along with bitumen and pentanes plus to produce 
a wide variety of refined petroleum products (RPPs). The 
key determinant of feedstock requirements for Alberta 
refineries is Alberta's and external demands for RPPs. In 
1989, Alberta consumption of RPPs was approximately 
328 PJ while shipments to external markets were 261 N. 
Over the forecast period, total transfers of RPPs from Al-
berta are expected to increase to 327 N by 2005, yielding an 
average annual growth rate of 1.5 percent. 

Oil Sands Feedstocks 

In order for refineries to be able to make RPPs from oil 
sands based feedstocks, the latter must have a higher 
hydrogen to carbon ratio than occurs in oil sands bitumen. 
This can be achieved by reducing the carbon content of 
bitumen (coking process), or by adding to the hydrogen con-
tent of bitumen (hydrocracking process), or both. The 
hydrogen is conventionally derived from natural gas. 

Suncor and Syncrude use the coking process. However, in 
late 1988, Syncrude expanded its upgrading operation to in-
clude the hydrocracking process as well. The first stage of 
upgrading bitumen to SCO fails to remove all of the un-
desirable sulfur and nitrogen. In the second state of upgrad-
ing, hydrogen combines with sulfur and nitrogen to form 
gases which are drawn off, leaving SCO. The major 
feedstock requirements for SCO production are bitumen and 
natural gas (Figure 4). 

Total synthetic crude oil production increases from ap-
proximately 12 million cubic meters in 1990 to 24 million 
cubic meters in 2005. 

Petrochemical Feedstocks 

In Alberta, three main petrochemicals—ethylene, ammonia 
and methanol—are produced from feedstocks which are 
primary energy forms. Ethane is the feedstock for ethylene, 
and natural gas for ammonia and methanol. These 
petrochemical products are in turn used as feedstocks for 
other petrochemical products such as polyethylene, ethylene 
glycol, urea, and formaldehyde, some of which are shipped 
outside the Alberta market. Regardless of the destination or 
use of the petrochemical products, all of the feedstocks of 
Alberta petrochemical plants are considered to be provincial 
primary energy requirements (Figure 5).
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Over the forecast period, abundance and security of the	 natural gas and natural gas liquids, and 34 percent is 
feedstock, competitive feedstock pricing, free trade with the 	 bitumen. Growth of primary energy resource requirements 
United States, and strong global demand will be the key fac- 	 is slow during the early 1990s reflecting a scarcity of invest-
tors in the growth of Alberta's petrochemical industry. 	 ment in oil sands projects. Oil refining uses natural gas as 

both fuel and feedstock. Apart from a requirement for pen-
Electricity Generation	 tanes plus as diluent for bitumen and heavy crude oil cited 

above, Alberta's refining industry's primary energy require-
The requirements for fossil fuel and renewable resources to 	 ments comprise all of the provincial requirement for conven-
generate electricity depend upon electricity demand, mix of

	
tional crude oil in addition to a substantial share of its re-

installed generating capacity, and energy losses in conversion 	 quirement for butanes, pentanes plus, synthetic crude oil, 
of resources to electric energy. 	 and bitumen. Oil sands upgrading accounts for most of the 

provincial bitumen requirement and uses large quantities of 
In Alberta, there are gas, steam, and hydro electricity- 	 natural gas for both fuel and feedstock. 
generating turbine units.	 Of these, 10.9 percent of 
powerplant capacity is water-turbine driven, 862 percent is 
steam-turbine driven, and 2.9 percent is natural gas-turbine 	 #fl# 
driven. The demand for electrical power is expected to 
remain constant over the time period.

COULD ALBERTA BECOME AN OIL IMPORTER? 
Total Secondary Energy Requirements

An unconventional approach to oil supply and demand 
In total, Alberta's secondary energy requirements are ex- 	 analysis for Canadian heavy oil was presented by W. Flaessel 
pected to increase on average by 2 percent annually from 	 of Calgary Energy Consultants and D. Foley of Pace Consult- 
1,041 PJ in 1988 to 1,428 P3 in 2005. Secondary energy re-	 ants at the Fifth Annual Conference of the Canadian Heavy 
quirements grow more slowly during the early 1990s than in 	 Oil Association in December. They noted the generally ac-
previous or subsequent periods because of slow growth in	 cepted outlook that the North American supply of light 
the industrial sector, notably oil sands. 	 crude oil will continue to decline well into the next century. 

It is also generally accepted that Canadian heavy crude oil 
During the forecast period, Alberta's demand for natural gas 	 (HCO) and bitumen will play an ever increasing role in sup-
as secondary energy is also expected to grow at an annual	 plying refinery feedstocks, but it is less clear as to just how 
rate of 2 percent on average, maintaining its approximately 	 significant this role will be. The paper addressed two ques-
50 percent share of total secondary requirements. Most of

	
tions related to the long-term outlook for the 

the growth in natural gas use for secondary energy will occur 	 demand/supply balance for Canadian heavy crude 
in oil sands. The use of natural gas in the residential and 	 oil/bitumen. The principal focus was to investigate the con-
commercial sectors is quite steady as the rise in population	 ditions under which bitumen blend from Alberta could 
and floor space is partly offset by fuel-saving measures. The	 penetrate certain markets that have generally been identified 
transportation sector, on the other hand, will experience 	 as potential prospects. A secondary question concerns the 
rapid growth in the use of natural gas as a vehicle fuel from a	 cost reductions in bitumen production and upgrading that 
relatively modest initial requirement reflecting low initial 	 would be needed for bitumen blend and synthetic crude oil 
market penetration.	 (SCO) to penetrate these same markets if long-term oil 

prices settle at US$18.00 per barrel for Saudi light delivered 
Refined petroleum products, which have lost markets to 	 to the United States Cuff Coast (USGC) in the year 2010. 
other fuels outside the transportation sector, are slated for a 
continuing fall in their percentage share of secondary energy, 	 United States Refined Product Requirements 
partly because of rising fuel efficiency in motor vehicles. Al-
though even greater efficiency improvements are expected in 	 Pace's outlook for United States refined product demand is 
aircraft, the demand for aviation turbo fuel will grow by	 for modest growth into the next decade; about 1.6 percent 
4 percent annually because of rapid growth in demand for air 	 per year on avenge through 2000. Gasoline demand is ex-
travel. Electricity's share of secondary energy requirements 	 pected to grow by a modest 0.9 percent per year 
will remain largely unchanged over the forecast period, with 	 through 2000. Gasoline reformulation will cause demand for 
the most rapid growth in electricity use occurring in the in- 	 "hydrocarbon" gasoline stocks to be virtually flat 
dustrial sector.	 through 2000 because of the significant influx of non-

petroleum based oxygenates such as M'FBE and TAME. In 
Total Primary Energy Resource Requirements 	 the 2000 to 2010 period, United States gasoline demand 

growth is expected to average 0.6 percent per year. 
Alberta's primary energy resource requirements grow at an 
annual rate of 3 percent from 2,646 PJ in 1990 to 4,189 P3 in	 Jet/kerosene demand growth is expected to be significant, 
2005. Of the total 1,543 PJ increase, 40 percent consists of 	 averaging 4.8 percent per year by 2000 and 33 percent per

- 

- 
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year from 2000 to 2010. Steadily increasing air travel will 
provide this demand growth. Distillate demand growth is 
anticipated at about 2.0 to 2.5 percent per year through 2010. 

Offsetting these fairly bullish figures is residual fuel oil, 
which is expected to be essentially flat as natural gas and 
other cleaner fuels make continued inroads against heavy 
fuel oil. 

Canadian crude oil traditionally is exported to the United 
States market east of the Rocky Mountains. Refined 
product demand growth in this region is expected to be 
moderate. Average annual growth rates are expected to be 
0.6 percent for gasoline, 4.1 percent for jet/kerosene, 
2.0 percent for distillate, and flat for residual fuel oil. 
Regional growth rates might even be slightly lower than 
these rates as population movements out of the Midwest to 
the Sun Belt occur. Face expects that any demand growth in 
the United States will be met by increasing refined product 
imports and expanding existing refineries and not by con-
structing new grassroots refineries. 

United States Crude Oil Requirements 

United States supplies of indigenous crude oil will continue 
to decline by an average of 1.0 percent per year throughout 
the 1990s and into the next decade. Crude oil declines will 
continue to be pronounced in the Lower-48 states with the 
best opportunities for stemming the drop occurring in off-
shore and Alaska prospects. The overall effect will be a 
steady decline in the availability of indigenous United States 
crude oil supplies for Northern Tier refiners. 

Role or Canadian Heavy Crude at United States Refineries 

The crude and refined products supply/demand situation 
points to an increasing need for crude oil in Northern Tier 
refineries from Canadian and other foreign sources. 
However, United States crude supplies serving these 
refineries are light and of superior quality to Canadian 
HCO. Sulfur levels for West Texas sour (WT'S) and inter-
mediate crudes are well below the predominant Canadian 
heavies. The API gravities of Canadian HCO are also sub-
stantially heavier than the declining United States crudes. 
Therefore, increasing Canadian HCO consumption by 
United States Northern Tier refineries will require sufficient 
price discounts relative to light crudes to pay out investment 
in refinery upgrading facilities. 

Table 1 depicts some key representative equilibrium price dif-
ferentials which are important in analyzing crude oil prices 
and differentials between crudes of various qualities. The 
first differential, probably the most widely tracked, is the 
heavy oil discount (HOD). This is the differential price be-
tween 340API WTS and high sulfur residual fuel oil. The 
value of US$5.60 to 7.00 per barrel is the long-term equi-
librium differential needed to provide for sufficient invest-

TABLE 1 

EQUILIBRIUM PRICE DIFFERENTIALS, 2010 
(1991 $US/Barrel) 

Heavy Oil Discount (HOD) 1	 (6.50) - (7.00) 
Light/Heavy Spread'	 12.00- 13.00 
Lloyd Bitumen - HSFO 3	 (1.50) - (2.00) 

1USGC HSFO minus West Texas Sour 
2USGC Average Unleaded Regular and No. 2 Oil 
minus HSFO 

3Lloyd Bitumen at Hardisty minus USGC HSFO 

ment in refinery conversion capacity to upgrade heavy oil to 
light products. 

The second key differential is the light/heavy spread which is 
the differential price between an average of unleaded regular 
gasoline and No. 2 distillate and high sulfur residual fuel oil. 
This is the differential which refiners are most interested in 
because it reflects the margins available to them for conver-
sion units in their refineries. The equilibrium differential 
shown reflects a widening effect associated with 
environmentally-enhanced light products and the penalties 
associated with high sulfur residual fuel oil. 

The final differential reflects the long-term differential an-
ticipated for Lloydminster bitumen at Hardisty versus high 
sulfur fuel oil at the United States Gulf Coast. 

These key differentials show how Canadian HCOs must be 
priced in competition with other available widely traded 
crude oils. Without these price discounts on Canadian 
crudes, United States refiners will turn to other sources of 
lighter foreign crude oils from Mexico, Venezuela, and the 
Middle East. 

Pace's analysis indicates that Canadian HCOs will likely con-
tinue to carry a competitive disadvantage to world light 
crudes except for two possible scenarios. The first of these 
scenarios involves a worldwide economic recession resulting 
in a decline in refined productdemand and resulting in spare 
conversion capacity. This situation occurred in the 1982 to 
1985 period. The second scenario is a cyclical major over-
building of refinery conversion capacity by United States 
Northern Tier refiners. This situation also results in a 
surplus of refinery conversion capacity. 

Figure 1 shows the North American pipeline systems and the 
market interfaces that are relevant to the analysis. Three 
crude oil pipeline systems radiate out from Edmonton, Al-
berta, Canada. The interprovincial system provides market 
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FIGURE 1 
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access to the Minneapolis, Minnesota; Chicago, Illinois and 
Sarnia, Ontario areas as well as potential access to Wood 
River. IPL's Line 9 between Sarnia and Montreal, Quebec 
is shown even though it is currently mothballed. By 2010, 
this line could be operating in reverse and supplying offshore 
crude oils to Ontario refiners and create a market interface 
where none existed before. The Rangeland system provides 
access to refineries in the Billings, Montana area where an 
interface occurs with Rocky Mountain crudes. Finally, Trans 
Mountain provides access to tide water and allows Canadian 
crudes to reach markets in the Pacific Basin in addition to 
providing access to refineries in Vancouver, British Colum-
bia and Anacortes, Washington.

Market Penetration for Alternate Price Levels 

The minimum USGC price for Saudi light that will be neces-
sary for blended bitumen to successfully compete in various 
markets and recover all costs is shown in Table 2. The basis 
for the table is an unblended bitumen cost of $12 per barrel 
at Edmonton. Nor surprisingly, this table shows that Edmon-
ton is the most secure market for Alberta bitumen blend. 
What is surprising, say the authors, is that this market could 
actually be lost to imported HCO if the long-run price of 
Saudi light settled at $16.00 per barrel at the USGC. Few 
new, green-field bitumen projects would be undertaken with 
current technology if the producers knew that the price of 
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TABLE 2	 transportation costs from the Middle East to Vancouver and 
USGC being the same. 

WORLD OIL PRICES FOR 
EQUILIBRIUM MARKET PENETRATION BY 	 The Far East is the least attractive market opportunity due 

DILUTED ALBERTA BITUMEN 	 to the high cost of transportation from Edmonton and be-
(In 2010)	 cause low-cost competing supply sources have ready access 

to this market. 

Market Area	 $/Barrel Table 3 shows the volumes of crude that can be shipped to 
the various markets at the different price levels based on the 

Minneapolis 19.57 volumes identified earlier.	 At $17.00 per barrel, bitumen 
Chicago 19.79 producers would only be able to supply the 50,000 barrels 
Sarnia 20.57 per day required by refiners in the prairies, and at $19.00 per 
Wood River 22.43 barrel the 35 thousand barrel per day potential market in Bill-
Billings 18.64 ings would be added.	 The big jump would occur at 
Far East 24.93 $20.00 per barrel when Chicago and Minneapolis would be 
Vancouver 22.57 accessible, and at a $21.00 world oil price, Alberta bitumen 
Edmonton 16.29 could successfully compete for the 100,000 barrel per day 

Ontario HCO market. 
Saudi Light, USGC, 1991 U.S. Dollars

Market Implications of Cost Reductions 

Saudi light would not exceed $16.00 per barrel at the USGC 
and that bitumen blend would sell for a discount of $5.50 per 
banel throughout the life of the project. 

Billings is the next most secure market due to the relatively 
high cost for offshore crudes to reach the area, and this 
market will be secure for prices as low as $19.00 per barrel. 
The next most secure markets are Minneapolis and Chicago 
at $20.00 followed by Sarnia at $21.00 per barrel. To 
penetrate Wood River would require almost $2.00 per barrel 
more due to the relatively high cost of reaching that market. 
The equilibrium price to "retain Vancouver is almost the 
same as the Wood River price. This is a consequence of the 
relatively high tariff from Edmonton to Vancouver and

The foregoing analysis is somewhat discouraging because it 
suggest that Alberta bitumen could not compete in the 
prairie provinces at world prices below $17.00 per barrel 
given current costs. Table 4 shows the maximum levelized 
cost of undiluted bitumen in Edmonton that would allow 
diluted bitumen to successfully compete against foreign 
heavy crudes in various markets with Saudi light priced 
at $18.00. The table also shows the maximum levelized cost 
for SCO to successfully compete against Saudi light in the 
various markets assuming the SCO and Saudi light have 
equal value to the refiners. 

At an $18.00 oil price, the cost of undiluted bitumen 
delivered to Edmonton would have to be below $10.50 per 
barrel to be competitive in the major markets of Chicago 
and Minneapolis, and to compete in Ontario would have to 

TABLE 3 

POTENTIAL HCO VOLUMES
BY MARKET AND PRICE 

Thousand Cumulative 
LEi Market
	

Bbl/D	 Total 

17 Prairies 50 
19 Billings 35 
20 Minneapolis, Chicago 510 
21 Sarnia 100 
23 Wood River, Vancouver 
25 Far East

50 
85 

595 
695 

9 
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TABLE 4 

MAXIMUM EDMONTON COSTS FOR
MARKET PENETRATION IN 2010 AT

WORLD OIL PRICE OF $18 

Market Area Bitumen SCO 

Vancouver 7.43 16.56 
Minneapolis 10.43 18.45 
Chicago 10.21 1832 
Sarnia 9.43 17.82 
Wood River 7.57 16.65 
Billings 1136 19.04 
Far East 5.07 15.08

be below $9.50 per barrel. In its recent supply/demand 
report, the Canadian National Energy Board (NEB) es-
timated levelized costs for bitumen projects ranging from 
$9.50 to $13.00 per barrel at the plant gate. To the extent 
that some of the better projects can produce at the lower 
end of this range including transportation to Edmonton, they

will be able to produce diluted bitumen and compete in the 
Northern Tier markets. However, not even the very best 
projects analyzed by the NEB would be able to compete in 
Sarnia at a world price of $18.00. 

The picture for SCO looks even more discouraging because 
the NEB has estimated a $12.00 per barrel levelized cost of 
upgrading bitumen to SCO. If this is combined with the 
levelized cost of bitumen from the better projects at $9.50, 
the levelized SCO cost is $21.50 per barrel, well above the 
maximums shown in the table for equilibrium market 
penetration. 

The entire discussion up to this point has assumed that there 
will not be any reductions in bitumen and SCO costs through 
technology improvements. However, studies by AOSTRA 
(Alberta Oil Sands Technology and Research Authority) indi-
cate that significant cost reductions may be possible through 
the use of the steam assisted gravity drainage technology 
being developed at AOSTRA's underground test facility. 
Potential savings of 40 percent on the cost of bitumen 
production relative to conventional open pit operations are 
thought to be possible. These cost reductions could make 
diluted bitumen competitive at very low oil price levels. 

#tfl 
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ECONOMICS 

COST ANALYSIS REVEALS DIRECTIONS FOR 
RESEARCH STRATEGIES IN CANADIAN OIL SANDS 

Writing in the Journal of Canadian Petroleum TechnoloEv, 
S. Wong et al. note that bitumen found in most of Alberta's 
reservoirs cannot be produced unless heated. There are 
various degrees of success in applying thermal recovery 
methods to Alberta's bitumen deposits—good results are 
reported in Cold Lake (Esso) and Peace River (Shell), while 
others are not that encouraging, especially in the Athabasca 
deposit. Since the precipitous price drop in 1986, the prevail-
ing low oil price has put most new bitumen projects on hold. 

The bitumen production industry is at a crossroad, say the 
authors. Its survival during continuing world oil price uncer-
tainty will, to a large extent, depend on the development of 
improved technologies and enhanced cost effectiveness. 
Their paper analyzes the cost of bitumen production and 
uses a simplified oil-steam ratio (OSR) model to evaluate a 
number of potential production strategies. 

Current In Situ Commercial Technologies 

At normal reservoir temperature, bitumen is totally immo-
bile. Mobilization of bitumen through the application of 
heat requires efficient convection and conduction of hot 
fluid into the formation. A number of approaches have been 
taken to achieve more efficient heat penetration and 
bitumen recovery, including steam stimulation, steam drive, 
and combustion drive. The technologies which have been 
successfully implemented on a commercial scale in Alberta 
are steam stimulation in the Cold Lake and Lindbergh areas 
and pressure cycle steam drive in the Peace River area. 

Steam stimulation or huff'n puff is a one-well process. It in-
volves the injection of steam into a well and then producing 
the well after allowing the heat to dissipate for some time. 
This cycle is repeated until operating costs exceed the value 
of the produced oil. Total recovery is reported to be in the 
order of 15 to 20 percent of the oil-in-place. 

Steam drive is a multi-well process. Steam is continuously 
injected through a pattern of injection wells to reduce vis-
cosity of the oil and provide a driving force which moves 
mobile oil and water from the heated zones to the producing 
wells. 

A major obstacle to applying steam drive to Alberta's oil 
sands is the lack of native injectivity in the oil zones, as this 
restricts the heating of interwell regions. For very viscous 
oil, the presence of thin bottom water zones may help the in-
jection of steam, where it would otherwise be difficult 
without fracturing the formation. Preheating the overlying 
oil zone in this manner, can lead to a successful steam drive 
as in the case of the Shell Peace River project. Total

recovery of oil-in-place is much higher than with steam 
stimulation; recoveries of 55 percent of the oil-in-place have 
been reported. 

Some Cold Lake reservoirs respond well to cyclic steam 
stimulation, and substantial production is being achieved at 
Esso's operation. To date no in situ technology has emerged 
that could economically exploit the Athabasca deposit, 
Alberta's largest oil sands resource. The higher viscosity of 
the bitumen in the Athabasca deposit and the lack of forma-
tion energy, combined with the most complex geology of all 
the deposits, have so far resulted in limited success at the 
field pilot stage. 

Current Bitumen Supply Price 

The authors examined a number of commercial projects-
Esso Cold Lake, BP Wolf Lake, Amoco Elk Point, Shell 
Peace River, and a hypothetical steam drive in Athabasca. 
The bitumen supply price estimate was based on the various 
submissions to the Alberta Energy Resources Conservation 
Board. The cost data in these submissions were adjusted to 
a 1988 basis, and tabulated in Table 1. 

As shown in Table 1, the supply price of bitumen, in 1988 
Canadian dollars at a 10 percent discount rate, ranges from 
$10.64 to $21.77 per barrel. At the lower end of the range 
are Esso Cold Lake and Shell Peace River bitumens, suggest-
ing that these two probably represent the best reservoirs in 
their respective deposits. This range in the bitumen supply 
price is due to a wide variation in terms of reservoir quality 
and response, even to similar recovery processes. 

Cost Analysis 

Three commercial projects were examined in some detail-
Esso Cold Lake (HC1), BP Wolf Lake (HC2) and Shell 
Peace River (SP1). 

As shown in Table 1, specific capital required for the three 
projects ranges from $10,000 to $18,500 per daily barrel, due 
to differences in process parameters, particularly steam-oil 
ratio and the number of initial wells drilled. Table 2 shows 
estimates of the key cost components for the three projects. 
Capital charges, at a discount rate of 10 percent, range from 
$3.50 to $5.50 per barrel. However, as a percentage of total 
supply price the capital charges are quite consistent across 
projects. 

Additional drilling to maintain production represents a sig-
nificant component of the ongoing cost. For example, in BP 
Wolf Lake additional drilling contributes $6.63 per barrel to 
the total supply price. Because of the higher bitumen 
recovery per well in a drive process, this cost is lower for a 
steam drive than for a steam stimulation process. 
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TABLE 1 

BITUMEN SUPPLY PRICE FOR REPRESENTATIVE PROJECI'S 
(1988 Canadian Dollars) 

Cold Lake and Lindbergh 
HC1 Esso Cold Lake - Huff 'n Puff, Phases Sand 6 
HC2 BP Wolf Lake - Huff 'a Puff 
HC3 Amoco Lindbergh Elk Point - Primary + Huff 'n Puff 

Peace River 
SP1 Shell Peace River Prep II - Pressure Cycle Steam Drive 
SP2 New Peace River - Pressure Cycle Steam Drive 

Athabasca 
ATI Athabasca Hypothetical - Steam Drive 

Production Initial Specific Steam Gas 
Capacity Capital Capital

Oil
Consumption 

(BPD) ($MM) ($/Bbfl Rgi2 (MCF/Bbl) 

HCl 19,000 192 10,000 2.5 1.00 
HC2 7,000 120 17,000 5.8 2.27 
HC3 20,000 3.8 1.78 
SP1 40,000 570 14,000 4.0 1.52 
Sfl 10,000 185 18,500 4.0 1.52 
AT1 15,000 249 17,000 8.5 3.22 

Capital Add. Oper. Gas Bitumen 
Charges Drilling Cost Cost Supply Price 
($/Bbl) ($/Bbl) ($fBbl) ($IBbl) ($/Bbl) 

HC! 3.42 2.27 2.95 2.00 10.64 
HC2 5.50 6.63 3.83 4.54 20.50 
HC3 5.64 3.68 6.19 3.56 19.07 
SP! 4.87 1.48 3.60 3.04 12.98 
Sfl 5.71 1.50 635 3.04 16.60 
AT1 5.03 2.14 8.16 6.44 21.77

Fuel is the largest component of the total operating cost. All 
these projects use natural gas for steam generation. Operat-
ing costs, excluding additional drilling and fuel costs, range 
from $2.95 to $3.83 per barrel, mainly due to the different 
quantities of steam and produced water handled. 

Table 3 shows the percentage breakdown of the full-cycle 
supply price for the three projects. Of the total cost, drilling 
and completion accounts for 41 to 49 percent, steam raising 
(including fuel) 35 to 38 percent, produced water treating 
9 to 14 percent, bitumen treating and off-site costs the 
remaining 4 to 8 percent. Therefore, the two major costs in 
the production of bitumen are drilling and completion, and 
fuel cost. Reduction of these costs through new technical

advances will have the largest impact on the bitumen supply 
price. 

Recent Developments 

The recent developments of horizontal drilling and as-
sociated monitoring and completion technologies offer new 
opportunities for cost reduction. 

Two novel steam drive processes implemented with the aid 
of horizontal drilling are the heated annulus steam drive 
(}iASDrive) and sand-filled multilevel channels (SFMC). 
Both HASDrive and SFMC processes are capable of com-
bining steam drive production with gravity drainage, and al. 
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TABLE 2 

KEY COST COMPONENTS FOR THREE COMMERCIAL PROJECTS
($/Bbl Bitumen at 10% ROl) 

Capital	 Oper.	 Add. Wells 
Charges	 Cost	 and Fuel	 Total 

Esso Cold Lake, HC1
Drilling/Completions 1.71 0.76 2.27 4.74 
Steam Raising 0.86 0.90 1.76 
Fuel 2.00 2.00 
Produced Water Treating 0.50 0.79 1.29 
Bitumen Treatment and Offsites 0.36 0.50 0.89 

Total 3.42 2.95 4.27 10.64 

BP Wolf Lake, HC2 
Drilling/Completions 2.84 0.49 6.63 9.96 
Steam Raising 1.55 1.70 3.25 
Fuel 4.54 4.54 
Produced Water Treating 0.73 1.14 1.87 
Bitumen Treatment and Offsites 039 0.50 0.89 

Total 530 3.83 11.17 2030 

Shell Peace River, SP1 
Drilling/Completions 2.82 1.00 1.48 5.30 
Steam Raising 0.68 1.20 1.88 
Fuel 3.04 3.04 
Produced Water Treating 0.78 1.00 1.78 
Bitumen Treatment and Offsites 0.58 0.40 0.98 

Total 4.87 3.60 432 12.98 

TABLE 3

BREAKDOWN OF FULL CYCLE BITUMEN SUPPLY PRICE 

Project HC1 HC2 SP1 

Drilling/Completions 45% 49% 41% 
Steam Raising 16% 16% 14% 
Fuel 19% 22% 23% 
Produced Water Treating 12% 9% 14% 
Bitumen Treating and Offsites 8% 4% 8% 

Total 100% 100% 100%
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low production process optimization in complex oil sands 
reservoirs. 

Potential Benefits of New Process Development 

A liquid fuel computer model was used to evaluate the poten-
tial benefits of new process developments, such as a new 
steam drive enhancing process in Athabasca. 

From the analysis completed, the authors drew several 
general conclusions: 

Bitumen supply price from existing commercial 
operations is strongly determined by the characteris-
tics of the individual reservoirs. Lowest prices are 
from reservoirs such as Esso Cold Lake and Shell 
Peace River. Higher prices can be expected from 
Athabasca reservoirs having more complex geologi-
cal features. 

The contributions to total supply price are 
remarkably constant for the different reservoirs. 
The two major costs are drilling and completion 
(41 to 49 percent); and steam raising including fuel 
(35 to 38 percent). Consequently, technical ad-
vances in these areas have the best potential for 
reducing bitumen supply price.

Novel steam drive processes using new horizontal 
drilling technology offer the potential of high 
production from reservoirs with complex geological 
features. Recovery and production risks are 
reduced. Process economics may be considerably 
improved if both initial oil production rates and 
oil/steam ratio can be increased through processes 
such as HASOrive and SFMC (now under field 
test). 

Sizeable increases in bitumen production can be 
achieved by expansion of commercial operations in 
Cold Lake followed by expansion in Peace River. 

There is a strong incentive to keep current commer-
cial plants in operation at existing bitumen supply 
prices. This assumes that no advances are made in 
reducing prevailing production costs. 

New technology is needed to achieve profitable in 
situ production from Athabasca reservoirs in com-
petition with supplies from other liquid fuel 
resources. The challenge is to develop tech-
nologies and process strategies capable of increas-
ing initial production rates by up to 50 percent and 
reducing steam-oil ratio by up to 40 percent. 
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TECHNOLOGY 

JOINT RESEARCH PROJECT ON HYDROGEN IN TAR 
SANDS ANNOUNCED 

The "Hydrogen Utilization in Bitumen Upgrading" study is a 
combined project of Alberta Energy; Energy, Mines, and 
Resources Canada (EMR); and the Alberta Chamber of 
Resources. The research project will track hydrogen during 
the upgrading and refinement of bitumen into transportation 
fuels. 

This study will examine how hydrogen reacts with heavy oil 
in tar sand upgrading and refining processes. It is based on 
the isotopic labeling of process hydrogen and includes the 
use of advanced deuterium/carbon nuclear magnetic 
resonance spectroscopy. The estimated completion date is 
Fall 1992. 

Hydrogen production and application technologies have 
been identified by EMR as being priority science and tech-
nology areas for Canada. The effective use of process 
hydrogen is of great concern to the oil and gas industry as fu-
ture oil supplies in Canada will increasingly come from non-
conventional sources such as tar sands. The study is the first 
step toward a more effective use of hydrogen in heavy oil 
upgrading. 

Hydrogen production, generally by the steam reforming of 
natural gas, requires major capital investment and consumes 
additional fossil fuels. The long-term objective of this 
project is to increase product quality without increasing 
hydrogen consumption, and to strengthen Alberta's position 
as a leader in hydrogen technologies that reduce the environ- 
mental impact of the use of fossil fuel resources. 

Project funding totals $115,000 with $57,000 being provided 
by Energy, Mines and Resources Canada, $43,000 from Al-
berta Energy, and $15,000 from the Alberta Chamber of 
Resources. The project will be conducted by the Canada 
Centre for Mineral and Energy Technology (CANMET), 
EMR's research and development arm, at CANMET's 
Energy Research Laboratories in Ottawa. 

Technical direction for the study will be provided by the Oil 
Sands Task Force of the Alberta Chamber of Resources and 
project finances will be monitored for the chamber by the 
Oil and Gas Group of the Canadian Imperial Bank of Com-
merce.

###1

HORIZONTAL DRILLING BECOMES A BIG 
CONTRIBUTOR TO HEAVY OIL PRODUCTION IN 
SASKATCHEWAN 

In the heavy oil fields of Saskatchewan, Canada, recovery 
rates have been improved by horizontal drilling. The Sas-
katchewan Government supported the first horizontal well 
drilled in 1987 and this well, in the Tangleflags Pool, has 
produced more than 1 million barrels and reached a peak 
production rate of 2,200 barrels per day in 1991. 

In April 1991 a unique fiscal regime was implemented to 
promote horizontal well development. To the end of 1991, 
240 horizontal wells have been drilled in Saskatchewan with 
147 being in the heavy oil areas. The horizontal heavy oil 
wells are currently contributing about 12,000 barrels per day 
or 17 percent of total heavy oil production for the province. 

NEW RESEARCH DIRECTIONS NEEDED IN OIL SANDS 

Speaking at the Fifth Annual Conference of the Canadian 
Heavy Oil Association held in December, R.E. Overlield of 
Esso Resources Canada presented a case for the maturity of 
existing oil sands technology and the need for new directions. 
He says that after 3 decades of steadily climbing the cyclic 
steam stimulation (CSS) technology learning curve at Cold 
Lake, Esso has reached a plateau (Figure 1). They have 
made significant volume gains, and have reduced operating 
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expenses to the minimum. As seen in the inset, direct unit 
costs declined from 1986 to 1990. That progress, however, is 
now leveling out. Esso has realized most of the unit cost 
reductions of diminishing returns. 

To make the next substantial improvement in the value of 
this resource, the current CSS technology is not enough. It is 
necessary to get on a new learning curve with an alternative 
process that has a fundamentally better cost structure (as in-
dicated by the dashed line in Figure 1). 

Dry mining and the Clark hot water extraction technology, 
used in Athabasca for the Suncor and Syncrude plants, has 
similarly reached the mature state after over 70 years of pilot-
ing and commercial optimization (Figure 2). The Syncrude 
unit costs shown in the inset in Figure 2 tell a similar story of 
reaching diminishing returns as the technology is perfected. 

The Alsands, Syncrude Expansion and OSLO Projects are 
recent attempts to build on this technology base. But given 
the fiscal terms available today, Overfield says an extension 
of these technologies is not enough to develop an economic 
project. Again, a breakthrough in the cost structure needs to 
be developed (dashed line). 

The OSLO consortium has been pursuing such an oppor-
tunity with the OSLO cold water extraction (OCWE) and 
dredging technology. The fundamentals of this process have 
been proved with a 20 ton per hour field test, but plans to 
proceed with a demonstration-scale pilot were deferred in 
1990 due to a lack of funding. As indicated in Figure 2, 
OCWE technology could provide the needed breakthrough 
to a new cost curve.

FIGURE 2
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Even though it is possible with existing technology to 
produce great quantities of bitumen for US$10 to US$12 per 
barrel, the high cost of diluent and the cost to upgrade the 
bitumen to synthetic crude oil (SCO), makes the production 
costs noncompetitive with the world price of conventional 
light sweet crude. 

Canada's National Energy Board has also recognized this. 
They now project that low prices will lead to a decrease of 
heavy oil productive capacity. Even steady prices are un-
likely to prompt any significant development in this decade. 

Relying on price growth as a strategy for developing oil 
sands is a risk which industry is evidently no longer prepared 
to take. 

Overfield says the industry has spent over a billion dollars, 
piloting technology clones and designing projects, but still 
does not have a new commercial option. Companies have 
been acting as if oil sands were a growth industry... compet- 
ing in oil sands research and development to see who will get 
the biggest slice of the pie. A pie which may well be shrink-
ing. 

Unless the oil sands industry shifts its research and develop-
ment (R&D) strategy, Overfield says it could take decades 
before the vast oil sands energy storehouse is tapped in a sig-
nificant way. He notes that successful R&D needs a critical 
mass of experts. The oil sands industry need to stop trying to 
compete with each other to develop technology clones and 
instead make a commitment to collaborating in research. 
Increased business leadership in the research community, 
combined with greater openness, is the key to new thinking. 
It requires universities and governments to be receptive to 
industry guidance. The research and development com-
munity should "stop wasting time and money patenting tech-
nologies which are clones of each other." For a company in 
a mature industry, patents are defensive anyway. This will 
increase the quality of technology leads and reduce the 
duplication of resources. Establishment of an Industrial Ad-
visory Committee for university and government research 
programs would be a significant step in that direction. 

With the cost of a typical field pilot in the $20 to 
$100 million range, no company can afford to pursue mul-
tiple leads. 

One more ingredient is very important says Overfield. Once 
R&D reaches the multi-million dollar range for technology 
pilots, there is a need for a revenue stream to offset the 
costs. This creates a powerful incentive to use existing 
facilities at Cold Lake, Syncrude, Suncor etc. to launch new 
technologies. 

Esso says it is involved in the development of a number of 
promising R&D leads, involving in situ recovery, surface min-
ing and product upgrading, which could be the basis for the 
new approaches needed (Figure 3). 
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FIGURE 3 

NEW IN SITU RECOVERY PROSPECTS 
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A number of CSS follow-up processes are under study. 
Utilizing both gravity drainage and steam drive mechanisms, 
the focus of these efforts is to efficiently increase recovery 
from previously steam-stimulated reservoir areas. 

Borehole mining (OHM) efforts in both Cold Lake and 
Athabasca are focusing on the development of a primary 
recovery mechanism which is less energy intensive. 

The developing processes which access intermediate depth 
resources, like Athabasca steam assisted gravity drainage 
(SAGD) or borehole mining, appear to have higher supply 
costs, but they might be immediately applicable at Syncrude 
or Suncor in a debottlenecking scheme. 

The OCWE technology for surface mining is at a critical 
point in its development. With the promise of a 25 percent 
reduction in bitumen supply costs when compared to the 
OSLO project basis (Figure 4), this technology is ready for 
more extensive field development and then demonstration.

FIGURE 4 
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In summary Overfield concludes that: 

- Current oil sands technology is mature; further 
development using it is marginal to uneconomic. 

- R&D renewal is necessary for the oil sands. 

- What is needed is collaboration in R&D, not com-
petition, to increase the wealth. 

- Funding for development pilots is the key bot-
tleneck. 

- There are concrete leads which will allow economic 
development of the oil sands, if proven. 
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INTERNATIONAL 

ORIMULSION OUTLOOK IS COMPLEX 

Orimulsion is the new bitumen-based fuel from Venezuela's 
Orinoco Tar Belt. It is an emulsion containing about 
70 percent Orinoco bitumen (dispersed phase) in 30 percent 
water (continuous phase). Orimulsion is produced in 
Venezuela and marketed in the United States, Canada and 
Puerto Rico by Bitor America Corporation (BAC) a wholly 
owned subsidiary of PDVSA, the Venezuelan national oil 
company. In Europe, Orimulsion is marketed through BP 
Bitor Ltd., a joint venture of British Petroleum and PDVSA. 
In the Far East, it is marketed by MC Bitor, a joint venture 
of Mitsubishi Corporation and PDVSA. 

Orimulsion Status and Background 

A history of the development of the process and the projects 
was recently given by BAC's E. Hernandez-Carstens and 
R. Rodriguez at the American Society of Mechanical En-
gineers symposium on Fuel Strategies for Conventional and 
Unconventional Fuels, held in San Diego, California last fall. 

The Orinoco bitumen reserves are located in an area of ap-
proximately 12,000 square miles north of the Orinoco River. 
The accumulations were discovered in 1935 while exploring 
for conventional crudes. During the following 30 years, 
58 wells were drilled and abandoned because the formation 
sandstone was impregnated with unmarketable, viscous 
bitumen. That gave origin to the name Orinoco Tar Belt. 

In 1965 the Venezuelan Ministry of Mines and Hydrocar-
bons (MMH) ordered an evaluation of the zone. The 
results, which were presented to the Seventh World 
Petroleum Congress in Mexico City, Mexico indicated that 
the bearing sands with an average porosity of 25 percent and 
thickness between 50 and 100 meters, contained an es-
timated minimum of 110 x 10 cubic meters of bitumen. 

In 1973, the MMH created an Office for the Orinoco Belt 
for the purpose of developing a pilot field to better define 
the reservoir characteristics, and possible methods of produc-
tion and to evaluate the environmental impact. The pilot 
test demonstrated that steam injection and mechanical pump-
ing could be used to extract the bitumen. 

In 1976, upon nationalization of the oil industry in 
Venezuela, the Orinoco Belt was assigned to PDVSA for ex-
ploration and development planning. PDVSA extended the 
Orinoco area of interest to 21,000 square miles, divided it 
into four zones and assigned one zone to each of its four 
major operating affiliates (Lagoven, Maraven, Meneven and 
Corpoven). Each operating company was to establish a 
detailed program to evaluate the feasibility of a large-scale 
development including capital investment and operating 
costs estimate. At the same time, the petroleum research in-

stitute, Intevep, was assigned responsibility for the tech-
nological support of the program. 

As a result of this program, it was determined that the 
bitumen reserves are about 1,200 billion barrels of which up 
to 22 percent could be recovered economically with present 
technology. The amount of bitumen in place establishes the 
Orinoco Belt as the largest known deposit in the world 
(Table 1). 

The extremely high viscosity of the bitumen (100,000 mPas at 
ambient temperature) makes field handling and long dis-
tance transportation difficult. In Venezuela, very heavy 
crudes were being transported since the 1950s by heating or 
by dilution with either lighter crudes or fuel oil. However, 
either method would be too costly for the Orinoco Belt 
project. 

Therefore, Intevep established a research and development 
program for the purpose of developing long-term stable 
emulsions capable of being transported by pipelines and con-
ventional oil tankers. In 1982, British Petroleum (BP) joined 
the Intevep program. By 1984, the lab results led to the start 
of a field project in the Cerro Negro/Morichal zone 
operated by Lagoven. 

The initial field test consisted of two production wells, 
production facilities and an emulsion manufacturing pilot 
plant. It was found that, using the proper surfactant, emul-
sions of the bitumen in the associated produced brine could 
be formed at the bottom of the well reducing the friction loss 
in the production tubing. Also, this process facilitated the 
separation of very small quantities of gas trapped in the 
bitumen. The field pilot test allowed the development of 
design parameters for large-scale production. 

TABLE 1

BITUMEN IN PLACE BY AREA 

Billion 
Area	 Metric Tonnes	 Billion Bbls 

Cerro Negro (Lagoven)	 34	 213 
Hanaca (Meneven) 	 34	 213 
Zuate (Maraven)	 79	 499 
Machete (Corpoven) 	 41	 255 

Total	 188	 1,180 

-
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In spite of its high viscosity, the bitumen enters the weilbore 
and is lifted to the surface by a positive displacement pump 
activated by a walking beam type pumping unit. 

A surfactant is injected into the weilbore at the pump level 
in an amount regulated by the proportion of free brine as-
sociated with the bitumen. The resulting primary emulsion is 
transported in a flow line to a dehydration unit where it is 
separated into bitumen and brine thus eliminating most of 
the salts. 

The clean bitumen is mixed with clean fresh water and a sur-
factant. Energy is added by means of static and dynamic 
mixers to produce the particle size (about 20 microns) which 
will result in the required viscosity. 

PDVSA has completed and put in operation production, 
manufacturing, storage and transportation facilities to supply 
50,000 barrels per day. Under construction are facilities 
which will double the present production in 1992. 

The Punta Cuchillo terminal on the eastern side of the 
Orinoco River (south bank) 45 miles from the Morichal 
production area, linked by a 24-inch pipeline to the produc-
tion zone, is used to load onto vessels, the orimulsion that is 
being delivered to North America, Europe and Japan 
(Figure 1). Long-term plans to expand export capacity by a 
factor of 10 are shown in Figure 2. For future Orimulsion 
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transport, and where large vessels of up to 110,000 DWF 
may be required to be loaded, the utilization of the Puerto 
La Cruz terminal is being considered due to its deep-water 
characteristics and installations currently in place. 

Utility Tests 

Oriniulsion has been burned in full-scale utility boiler tests in 
several locations: 

- New Brunswick Power's Dalhousie generating unit 
(100 MW) in Canada, firing approximately 
175,000 metric tons of Orimulsion 

Chubu Electric Power's Nagove pilot plant in 
Japan consuming 5,000 metric tons of Orimulsion 

CEOB (PowerGen)-lnce B powerplant (500 MW) 
in England, firing 44,000 metric tons of Orimulsion 

Florida Power and Light, Sanford Plant, Unit 4 
(400 MW) firing 190,000 metric tons during a 
5 month period 

The combustion trials confirmed that Orimulsion can easily 
be handled and burned in powerplants and full plant 
capacity can be achieved. 
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Fuel Economics	 the cost of the flue gas desulfurization equipment would 
exceed the fuel cost saving. 

Shown in Table 2 is a comparison of costs involved in con-
verting an existing oil fired unit to Orimulsion and to coal. 
Figures are for a typical 500 megawatt unit. 

Gasification Feedstock 

Orimulsion has been tested as a gasification feedstock for 
the Texaco gasifier. It yields a higher thermal efficiency than 
typical coal/water slurries. At Texaco's Montebello, Califor-
nia research laboratory, some 140 tons of Orimulsion have 
been gasified in three pilot plant tests. 

Sulfur Emissions 

A major concern for marketing Orimulsion is its sulfur con-
tent. The sulfur concentration is about 2.7 percent in the 
slurry, or 3.8 percent on dry bitumen. 

The largest corporate consumer of fuel oil in the United 
States, Florida Power and Light Company (FPL), has 
decided against burning Orimulsion in its powerplants, at 
least for now. FPL cites the cost of installing scrubbers for 
sulfur dioxide emission control as the big drawback. 

At FPL tests showed Oriinulsion can burn well, and it is 
priced competitively. But according to an FPL spokesman,

Instead, FIt will depend on increased supplies of natural 
gas. In the United Kingdom the World Wildlife Fund has 
opposed use of the fuel as a powerplant in West Wales, 
saying it would increase levels of sulfur dioxide. But 
BP Biter says the fuel compares favorably with other fossil 
fuels; data show sulfur dioxide emissions with Orimulsion are 
slightly more than with 3.5 percent fuel oil, but less than with 
2.5 percent coal. 

Other electric utilities have looked at Orimulsion and in 
some cases are continuing to do so. FPL may yet study the 
possibility of mixing the fuel with gas for co-burning. 

Sales Activities 

To compete, Orimulsion is priced low. The price is indexed 
to that of coal for a long-term supply agreement, such as 
20 years. 

BAC says the primary targets are utilities that are looking at 
converting plants to coal or gas—coal being the primary 
short-term competition, with its greater emission problems. 
In the long term, BAC says Orimulsion may have an ad-
vantage over gas in terms of both price stability and supply 
dependability. 

TABLE 2 

COST OF CONVERTING EXISTING
OIL-FIRED PLANT (500 MW)

(Capital Costs, 1990 US$m)

Major Conversion 
to Coal Conversion to 

Includin2 FGD (Low Sulfur) Orimulsion 

Boiler modifications 62 2 
Fuel storage and handling 17 1 
Ash handling 12 - 
Electrostatic precipitators 16 17 
Flue gas desulfurization 58 67 
Civil, structural, other 26 - 

Total equipment 191 87 

Indirect and other 47 21 
Contingency 15% 29 13 

Total Cost 267 121 

Excluding FGD Total Cost 186 28
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In Canada, New Brunswick Power Corporation has signed a 
contract with Bitor America for conversion of two generating 
units (one oil, one coal) to Orimulsion burners. 

BP Bitor has contracts to sell about 6.5 million metric tons of 
Orimulsion a year in Britain and Spain. Environmental 
regulations make a difference—Britain, for example, requires 
electrostatic precipitators to control particle emissions, but 
does not require flue gas desulfurization. 

If negotiations for Portuguese sales are completed success-
fully, the total contracted volume in Europe will rise to 
9 million tons a year. BP Bitor says it is on target to achieve 
sales in Europe of 20 to 30 million tons a year by the end of 
the century. 

Cutback in Development Efforts 

Recently, Venezuela's Ministry of Energy and Mines has or-
dered PDVSA to scale back its overall $2.5 billion program 
to develop Orimulsion. 

The extent of the cut is undisclosed, but presumably expan-
sion beyond volumes needed to cover current contracts with 
powerplants will be delayed. PDVSA had hoped to boost 
output to about 41 million metric tons per year by 1996. 

The orders apparently reflect government efforts to focus 
PDVSA resources on light and medium crudes and also 
reflect ministry concerns that Orimulsion might be included 
in Venezuela's Organization of Petroleum Exporting 
Countries quota.

In, 
EOR INC. CONTINUES WORLDWIDE ACTIVITIES 

Electromagnetic Oil Recovery, Inc. (EOR) specializes in 
enhanced oil recovery technologies, including electromag-
netic heating to stimulate oil recovery. Theft worldwide ac-
tivities encompass equipment installation on oil wells in 
Venezuela, Oman, United States (Utah), Indonesia, and 
Canada. The company's latest report to stockholders sum-
marizes some of the projects under way. 

Venezuela 

A contract with Lagoven, an operating affiliate of Petroleum 
of Venezuela S.A., the Venezuelan national oil company, has 
been finalized and equipment has been ordered for two wells 
in the Jobo field. The Jobo field is in the Orinoco belt 
region which is one of the premier heavy oil provinces in the 
world.

Oman 

Permanent stimulation equipment has been installed on one 
well in the Amal Eastern High field for Petroleum Develop-
ment Oman (PDO). Project startup is scheduled for 
March 1992. PDO has said that within 15 years enhanced 
recovery could account for as much as 100,000 barrels per 
day of viscous crude that is difficult or impossible to produce 
conventionally, and that electromagnetic heating and other 
enhanced oil recovery technologies could provide the key to 
unlock an additional 1.5 billion barrels of reserves. 

United States - Utah 

Installation of a tubing heating system was scheduled for 
mid-December 1991 for GHP Corporation, a Denver, 
Colorado based company. The well produces from the 
Green River formation in Utah and has a high paraffin con-
tent. GHP has seven additional wells producing from this 
same formation. In addition, reservoir heating equipment 
has been installed on one well for Coors Energy, which 
produces in the same field and from the same formation as 
GHP Corporation. 

Brazil 

EOR's proprietary electromagnetic well stimulation process 
was installed on four new wells in the Rio Parton field for 
Petrobras. After 2 weeks of stimulated production, two wells 
report production increases of 33 percent on one and 
50 percent on the other. The other two wells were to begin 
stimulation in late December. The Company operates in 
Brazil through a joint venture arrangement with a Sao Paulo 
rmn. 

Indonesia 

Pertamina, the Indonesian national oil company has ordered 
one tubing heating system. Additional well information is 
needed in order to finalize the design. 

Canada 

A dramatic drop in Canadian heavy oil prices has caused 
many companies to shut down operation in various of their 
heavy oil fields. Among others, Amoco Canada and Mobil 
Oil Canada have severely curtailed operations in fields 
within which EOR installations are located, and Texaco 
Canada Petroleum has put on temporary hold a project in-
volving three wells which have already been equipped. Al-
berta Oil Sands Technology and Research Authority 
(AOSTRA) is a 50 percent partner with Texaco. AOSTRA 
will evaluate the technology with a view to its future promo-
tion as a recognized enhanced oil recovery tool. On a more 
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positive note, CNW's Lashburn well continues to operate at 
nearly double its primary production rate. 

nfl

the fuel derived from reserves in Venezuela's Orinoco Tar 
Belt. Under an agreement with PDVSA, Venezuela's state-
owned petroleum company, Mitsubishi Corporation will 
supply 700 tons per day of Oriinulsion to Kashima-Kita 
Electric. Another site, the Mizushima plant owned by Mit-
subishi Kasei Corporation, began using Orimulsion to fuel 
theft generators in February 1992. 

ORIMULSION TESTED IN JAPAN 

In October 1991, the Kashima-Kita Electric Power Corpora-
tion began ruing its generators with Orinulsion, the alterna-
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ENVIRONMENT 

DIAMOND MOUNTAIN US AFFECT'S TAR SANDS AREA 

The Diamond Mountain Resource Area (DMRA) Resource 
Management Plan (RMP) and Environmental Impact State-
ment (EIS) Draft (November 1991) addresses Utah's future 
management options for approximately 709,000 surface acres 
and 854,000 total acres (Figure 1) of federal mineral estates

administered by the United States Bureau of Land Manage-
ment (BLM). 

Five alternatives were formulated for the three issues 
presented in this draft. The broad issues involve the manage-
ment of natural resources such as vegetation, soils, and 
watershed; special emphasis areas including wild and scenic 
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rivers and areas of critical environmental concern; and 
resource uses such as minerals, woodlands, and lands. 
Among the minerals considered were tar sands and gilsonite.

federal lands in DMRA will be important in maintaining the 
industry in the future. 

Gilsonite 

Gilsonite, the black pitch-like substance which occurs in pure 
form in veins in the Tertiary sediments of the Uinta Basin, is 
a petroleum substance of uniform composition and texture. 
It dissolves into resins and dying oils in all proportions, and 
is also mixable with petroleum and other asphaltic materials. 
Gilsonite compounds are often quite strong and offer resis-
tance to heat, adds, and alkalis, making them valuable for 
weatherproofing. Only a handful of gilsonite veins occur in 
DMRA. 

The best known and currently most productive gilsonite 
dikes occur in three groups east of the Green River within 
Book Cliffs Resource Area. Across the Green River in 
DMRA, the number of veins exposed at the surface drops 
considerably. These tend to be shorter, narrower, and of 
lesser overall quality than their eastern basin counterparts. 
Only a few of these veins exist in the DMRA core area. 

The overall decrease in vein size and gilsonite quality within 
the DMRA is attributed to a change in host rock, as the com-
position of the Uinta Formation changes from a uniform 
sandstone to weaker, shaly units. The gilsonite veins also 
penetrate upward and downward into the beds of adjacent 
formations. Known veins in the Duchesne River Formation 
are relatively few, yet gilsonite potential may still be quite 
high along southern exposures of this formation. Significant 
occurrences may lay hidden from view beneath the Duchesne 
River Formation in the more suitable host rocks of the Uinta 
Formation below. Likewise, gilsonite occurrence below the 
Uinta Formation, in the Green River Formation are known. 
The degree to which gilsonite occurs in the formations above 
and below the Uinta Formation is unknown. To date, com-
mercial interest has focused solely upon the most accessible 
deposits. 

The total number of federal acres in these high potential 
areas is 38,350. In addition, there are about 149,500 acres of 
additional high potential mineral estate outside of the buff-
ers, and 133,500 acres of moderate potential mineral estate 
in addition to this. 

Gilsonite is allocated by noncompetitive and competitive leas-
ing only. Leasing actions are initiated by public interest or 
by the BLM. Currently, there are no active leases or permits 
for gilsonite within the resource area. 

As the higher grade deposits of the eastern basin are ex-
hausted, the poorer deposits of the west basin will become 
more attractive to mining. As supply from the high grade 
veins diminishes, there will be additional incentive to explore 
frontier areas more aggressively. High gilsonite-potential

Oil and Gas 

In the recommended land management plan (Alternative E) 
approximately 26 percent (62,700 acres) of high-potential oil 
and gas areas within the resource area would be open to leas-
ing with special or standard restrictions. Approximately 
14,460 acres of high-potential oil and gas areas would be 
precluded from geophysical exploration due to protection of 
critical resource values. 

Seasonal wildlife restrictions would affect 36 percent 
(87,000 acres) of high-potential oil and gas area resource 
areawide. Several of the seasonal restrictions in specific 
areas overlap, resulting in an extended, and, in certain areas, 
prolonged closures. 

Approximately 18,300 acres of identified potential black-
footed ferret habitat would have significant negative impacts 
on 7 percent of high-potential oil and gas areas in Myton 
Bench-Nine Mile Canyon and Horseshoe Bend-Ashley Val- 
ley oil and gas regions. 

Development of tar sands in the Pariette special tar sand 
areas (S'FSA) would be precluded under this alternative. 
This would delay or preclude paving of roads in the area. 

Tar Sands 

Tar sand deposits in Utah account for nearly 95 percent of 
North America's resources, with an estimated 25 billion bar-
rels of bitumen in place. Within the resource area there are 
four important deposits: the Asphalt Ridge-White Rocks, 
the Pariette, the Sunnyside (northern portion), and the Ar-
gyle Canyon-Willow Creek. The Asphalt Ridge-White 
Rocks deposit, found west of Vernal, ranks among the most 
important of the Utah deposits. The remaining three 
deposits rank lower, but are still important for their oil and 
gas potential. 

In the early 1980s, at the request of Congress, 11 of the 
richest Utah tar sand deposits were designated as STSAs by 
the Minerals Management Service. Four of these S1'SAs 
cover the deposits identified previously. In general, the 
areas included within SThAs have the highest potential for 
the occurrence and development of tar sands. In addition, 
some of these STSAs fall within lands having significant 
potential for conventional oil and gas deposits. These in-
clude the Argyle Canyon-Willow Creek, Sunnyside, and 
Pariette STSAs. Table 1 provides reserve estimates for the 
deposits in the resource area. 

Total acreage of lands in these SThAs is approximately 
123,000 acres. Of this total, only 66,200 acres include oil and 
gas and bitumen reserved to the federal government. 
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TABLE 1 

ESTIMATED RESOURCES IN DMRA 
SPECIAL TAR SAND AREAS 

Estimated In-Place 
Special Tar Sand Area	 Resources (Bbls) 

Argyle Canyon/Willow Creek 60 - 90 million 
Asphalt Ridge/White Rocks 1.22 - 131 billion 
Pariette 12- 15 million 
Sunnyside 1.5-4 billion

Figure includes reserves for both the northen and 
southern portions of the STSA. The southern portion 
of the STSA is located in the Price R.A. 

Source: BLM, 1984b 

Resource area tar sands are found in host rocks which mostly 
include Tertiary sediments of the Green River, Uinta, and 
Duchesne River Formations. The White Rocks deposit is in 
the older Jurassic Glen Canyon Sandstone. The Eocene 
Green River Formation is regarded as the principal source 
rock for the bitumen in all of the Uinta Basin deposits includ-
ing the White Rocks deposit. 

Tat sand deposits on Asphalt Ridge currently are being 
mined by Uintah County for paving materials. Processing is 
required to bring the product up to engineering standards 
required for state and federal highways. This would 
generally be true of all deposits in the resource area. 

There are currently three authorized Combined Hydrocar-
bon Leases in the resource area covering about 2,800 acres. 
The leases are located within the Pariette, Sunnyside 
(northern portion), and Asphalt Ridge-White Rocks Canyon 
STSA5. The Pariette and Sunnyside STSAs are attractive 
primarily for their oil and gas potential. Therefore, develop-
ment on the leases in those STSAs would most likely be for 
oil and gas, but development on the lease in White Rocks 
would be for tar sand. 

GREENHOUSE IMPACTS OF HEAVY OIL ANALYZED 

The relative greenhouse gas (GHG) effects of producing and 
utilizing different fossil fuels has received a huge amount of 
attention over the last few years. However, the differential 
effects between conventional crude oil and heavy oil have 
not been addressed in any detail. At the Fifth Annual Con-

ference of the Canadian Heavy Oil Association held in Cal-
gary, Alberta, Canada in December, R.J. Ottenbreit of Esso 
Resources Canada Limited gave an assessment of the effects 
of using different feedstocks for transportation fuels. The fol-
lowing methodology was used: 

Emissions were calculated for natural gas, light 
crude oil, conventional heavy oil, crude bitumen 
recovered through in situ steam stimulation, and 
crude bitumen recovered through mining. 

For each fuel, emissions were calculated for both 
CO  and for all direct greenhouse gases. Indirect 
greenhouse gases such as nitrogen oxides and 
volatile organic compounds were excluded. 

Emissions were calculated for all phases of the 
fuel's life-cycle—production, field processing, 
transportation, refining, distribution, and end-use 
combustion. 

Emissions of greenhouse gases were converted to a 
CO  equivalent basis, using the Intergovernmental 
Panel on Climate Change's estimate of 20-year 
equivalency factors. 

Emissions associated with the production of 
electricity were not included except for the 
electricity consumed at bitumen mining plants. 

Results are shown in Figure 1 for the quantity of carbon 
dioxide emitted in production, transportation, processing and 
ultimate use as a transportation fuel for the five fossil fuels 
analyzed. The results are stated relative to light crude oil. 

FIGURE 1
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These results indicate that compressed natural gas has the 
lowest CO  emissions, with gasoline sourced from crude 
bitumen having 25 to 30 percent more CO  emissions than 
gasoline sourced from light crude oil. Higher emissions for 
crude bitumen . reflect the more energy intensive processes 
required to produce and process (upgrade and refine) 
bitumen relative to light crude oil. Future reductions in the 
energy intensity of these processes may come about as a 
result of new technologies. 

Shown in Figure 2 are the same relative comparisons, but in-
cluding all direct greenhouse gases—not just CO 2. Two sig-
nificant changes are evident. First, emissions associated with 
the use of compressed natural gas are now higher than those 
associated with the use of gasoline produced from light 
crude oil. This change in relative position reflects small 
quantities of methane which are lost in the production and 
transportation processes, as well as small quantities of un-
burned methane which emerge from the tailpipe of the 

FIGURE 2 
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vehicle. While these two sources of fugitive methane emis-
sions are small in volume, the relatively high heat trapping 
capability of methane (63 times higher than CO 2) makes 
these small volumes significant when expressed on a CO2 

equivalent basis. 

The second significant change from the CO 2 only graph is 
that life-cycle emissions associated with the use of conven-
tional heavy oil as a feedstock are much higher relative to 
light crude oil than was the case with CO 2 emissions alone. 
This reflects the practice of venting the methane-rich casin-
ghead gas produced in association with conventional heavy 
oil. The greenhouse impact of conventional heavy oil could 
be reduced by recovering the casinghead gas and selling it or 
flaring it on site. 

Esso's analysis also confirmed that the majority of the direct 
greenhouse gases emitted during the life-cycle of these fossil 
fuels is emitted during its ultimate end-use, as opposed to 
the production, processing and transmission phases of the 
life-cycle. The lone exception to this is conventional heavy 
oil where the venting of casinghead gas constitutes a sig-
nificant portion of life-cycle emissions. 

Ottenbreit presented the following principal conclusions: 

It is necessary to look at the life-cycle emissions of 
all greenhouse gases from various fuels rather than 
just CO  or individual parts of a fuel's life-cycle. 

There is no obvious greenhouse gas incentive to 
switch to compressed natural gas as a transporta-
tion fuel. 

Casinghead gas venting has a significant impact on 
life-cycle emissions of greenhouse gases from heavy 
oil. 

Technologies to reduce energy intensity in the 
production and processing phases of bitumen's life-
cycle can reduce its greenhouse impact. 

- Fossil fuel consumers have more leverage than fos-
sil fuel producers to reduce emission of greenhouse 
gases.
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OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following paper was presented at the Energy-Sources Technology Conference and Exhibition held in Houston, Texas January 26-
30, 1992: 

Mehta, S., et al., "An Experimental Investigation of the Transport and Combustion Processes Within Fractured Oil Sand 
Beds" 

The following articles appeared in the AOSTRA Journal of Research, Volume 7, Number 1: 

Nasr-El-Din, HA, et al., "Fines Migration in Unconsolidated Sand Formations" 

Chen, HR., et al., "Chemical Changes in Alberta Oil Sands During Steam Treatment" 

Sanford, E.C., et al., 'The Mechanism of Pitch Conversion During Coking, Hydrocracking and Catalytic Hydrocracking of 
Athabasca Bitumen" 

Yui, SM., et al., "Predicting Cetane Number and ' 3C NMR Aromaticity of Bitumen-Derived Middle Distillates from Density, 
Aniline Point, and Mid-Boiling Point" 

Phadke, S., et al., "A Comparative Study of Ray and Wave Methods in Steam Injection Projects" 

Hickey, CJ., et al., "Seismic Wave Propagation in Oil Sands" 

The following articles appeared in the AOSTRA Journal 21 Research, Volume 7, Number 2: 

Bukka, K., et al., "Mineral Matter Distribution During the Hot Water Processing of Utah Tar Sand" 

Majid, A., et al., "Characterization of Sedimentary Organic Matter Associated with Inorganic Matrix of Overburden from 
Athabasca Oil Sand Deposits" 

Nyland, E., et al., "The Physics of Microseismic Emission Near Thermal Floods" 

Nyland, E., et al., "Instrumentation and Signal Analysis Methods for the Study of Thermal Hood Microseismicity" 

Hall, ES., et al., "Coking Studies, Part 4: Agglomeration Effects Observed During Fluidized Bed Coking of Eureka Pitches" 

The following article appeared in The Journal 21 Canadian Petroleum Technolo2v. November-December 1991: 

Suggett, J.C., et al., "Bitumen Burning in Oilfield Steam Generators" 

The following articles appeared in The Journal 21 Canadian Petroleum Technolo gy. February 1992: 

Ivory, J., et al., "Investigation of the Mechanisms Involved in the Steam-Air Injection Process" 

Yildirim, E., "Technology Requirements for Mineable Oil Sands by the Year 2010" 

OIL SANDS - PATENTS 

"Process and Apparatus for Disengaging and Separating Bitumen from Pulverized Tar Sands Using Selective Cohesion," 
Lena Ross - Inventor, United States Patent Number 5,066,388, November 19, 1991. Process and apparatus for disengaging organic, 
bituminous material from pulverized bituminous ores and for recovering a concentrated mixture of the bituminous material and 
water. Wherein the apparatus comprises a pulverizer to pulverize the ores to be processed to particles not larger than 0.25 inch in 
size and inner and outer process vessels which are preferably combined into a unitary assembly and wherein the process comprises a 
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combination of mechanical and hot water disengagement of the organic, bituminous materials from the mineral ore solids, i.e., sand 
and wherein the disengagement step comprises a high shearing of the mineral solids so as to disengage the bituminous material from 
the ore and to produce a mixture of disengaged bituminous material, water and mineral ore solids which mixture is then introduced 
into a body of water so that the bituminous materials and the mineral ore solids will separate into distinct concentrated zones with 
the bituminous material and the mineral then being recovered separately from the separate zones, with the bituminous material being 
collected on a cooled surface. 

"Method and Apparatus for Producing Tar Sand Deposits Containing Conductive Layers Having Little or No Vertical 
Communication," John W. Gardner, Carlos A. Glandt, Harold J. Vinegar - Inventors, Shell Oil Company, United States Patent 
Number 5,060,726, October 29, 1991. An apparatus and method are disclosed for producing thick tar sand deposits by preheating of 
thin, relatively highly conductive layers which are a small fraction of the total thickness of a tar sand deposit, with horizontal 
electrodes and steam stimulation. The preheating is continued until the viscosity of the tar in a thin preheated zone adjacent to the 
highly conductive layers is reduced sufficiently to allow steam injection into the tar sand deposit. The entire deposit is then produced 
by steam flooding. 

"Recovery of Bitumen or Heavy Oil In Situ by Injection of Hot Water of Low Quality Steam Plus Caustic and Carbon Dioxide," 
Alexander S. McKay, Tawfik N. Nasr - Inventors, Alberta Oil Sands Technology and Research Authority, Canada, United States 
Patent Number 5,056,596, October 15, 1991. Laboratory coreflood experiments were conducted on Athabasca oil sands using hot 
water and caustic or carbon dioxide. Production temperatures were maintained at 150°C or lower and at an injection pressure of 
3.55 MPa (500 psi). The objective of the experiments was to determine the conditions under which oil-in-water (O/W) emulsion 
could be produced in situ. In addition, the study was to investigate the potential benefit of adding carbon dioxide to hot water to im-
prove bitumen recovery. The results prove that when the pH of injected fluids is between 10.5 and 11.5, the O/W emulsion 
predominates. The emulsion is stable and has a viscosity much lower than that of the oil itself, due to the continuous water phase, 
and should be beneficial in the recovery of heavy oil and bitumen. When the injected fluids have a pH less than 10.5, the water-in-oil 
(W/O) emulsion predominates. The laboratory data indicate that even this type of emulsion behaves as an O/W in the core but it is 
unstable and when produced the droplets quickly coalesce and immediately form the observed W/O emulsion. The addition of car-
bon dioxide to hot water at low temperatures proved to be effective in improving bitumen recovery over that from hot water alone. 
This is believed to be due to the effect of carbon dioxide absorption in reducing bitumen viscosity which resulted in improved 
bitumen mobilization. Another beneficial effect is the increase in pressure gradient due to the presence of free carbon dioxide, 
beyond the solubility limit, in the injected stream. The hot water-CO 2 runs produce mostly W/O emulsion. The best recovery was 
achieved when the produced fluids temperature was around 130°C. 

"In Situ Heated Annulus Refining Process," John H. Duerksen - Inventor, Chevron Research and Technology Company, United 
States Patent Number 5,054,551, October 8, 1991. Recovery of viscous petroleum such as from tar sands is assisted using a controlled 
flow of hot fluid and hydrogen-containing gas in a flow path within the formation; thus a solid-wall hollow tubular member in the for-
mation is used for conducting hot fluid to promote hydrogenation in conjunction with a hydrogen-containing gas and reduce viscosity 
of the petroleum to develop a potential passage in the formation outside the tubular member into which a drive fluid is injected to 
promote movement of the petroleum to a production position. 

"Method and Apparatus for Producing Hydrocarbon Bearing Deposits in Formations Having Shale Layers," Carlos A. Glandt - Inven-
tors, Shell Oil Company, United States Patent Number 5,046,559, September 10, 1991. An apparatus and method are disclosed for 
producing thick tar sand deposits by electrically preheating paths of increased injectivity , between an injector and producers, wherein 
the injector and producers are arranged in a triangular pattern with the injector located at the apex and the producers located on the 
base of the triangle. These paths of increased injectivity are then steam flooded to produce the hydrocarbons. 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since December 1991) 

ASPHALT FROM TAR SANDS - James W. Runger and Associates, Inc. (T-5) 

J. W. Bunger and Associates, Inc. (JWBA) is developing a project for commercialization of Utah Tar Sands. The product of the 
initial venture will be asphalts and high value commodity products. The project contemplates a surface mine and water extraction 
of bitumen followed by clean-up and treatment of bitumen to manufacture specification asphaltic products. JWBA has secured 
rights to patented technology developed at the University of Utah for extraction and recovery of bitumen from mined ore. 

In 1990, JWBA completed a $550,000 R&D program for development of technology and assessment of markets, resources and 
economics for asphalt production. 

Under this program funded by the U.S. DOE SBIR program, a 100-30) pound per hour PDU was designed and constructed. The 
unit has been operated to determine the effect of process variables and kinetic parameters. Recoveries of greater than 97 percent 
have been experienced. The unit has been operated to produce gallon quantities of asphalt for testing and inspection. A field 
demonstration unit of 200 barrels per day has been designed and costed. Results show a strong potential for profitability at 1990 
prices and costs. 

All candidate sites in the Uinta Basin of Utah are currently under consideration for development including Asphalt Ridge, P.R. 
Spring, Sunnyside and White Rocks. Unknown resource quality tends to increase required investment hurdle rates, however, and 
these factors must be offset by higher product prices. In 1990 JWBA initiated a program for value-added research to extract high 
value commodity and specialty products from tar sand bitumen. This program was initiated with an additional S50,000 in funding 
from DOE. 

The commercialization plan calls for completion of research in 1992, construction and operation of a field demonstration plant by 
1994 and commercial operations by 1996. The schedule is both technically realistic and financially feasible, says .JWBA. 

Project Cost:	 Research and Development: $15 million 
Demonstration project: $10 million 
Commercial Facility $135 million 

81-PROVINCIAL UPCIRADER - Husky Oil Operations Ltd. (T-10) 

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 upgiader 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, however, Husky and the governments of Canada, Alberta and Saskatchewan, signed a binding joint venture 
agreement to finance and build the Ri-Provincial Upgrader. Project completion is targeted for late 1992. 

In February, 1989 the Bi-Provincial Upgrader Joint Venture announced the award of $120 million in engineering contracts, with 
work to start immediately and be in full swing by April, 1989. 

Site preparation has been completed. The award of major civil contracts began early in 1990. Major mechanical contracts were 
started in the 3rd quarter 1990. The construction management team moved their operations to site offices in March, 1990. The 
construction force was expected to peak at 2,800 persons by the 3rd quarter 1991. 

Engineering for the project is nearly complete. Well over half of the equipment is already on site. Half of the process could be 
ready for early startup in summer 1992. The second half is scheduled for startup in the third quarter of 1992. Cost overruns have 
required an additional investment of $175 million in the project. 

Project Cost:	 Upgrader Facility estimated at C$1.4 billion
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COMMERCIAL PROJECTS (Continued) 

BITUMOUNT PROJECT - Solv-Ex Corp. (F-20) 

The Solv-Ex Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv-Ex's process 
for recovery of bitumen and metals. 

SOIV-EX will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the pilot plant tailings (after bitumen extraction) showed that these minerals are readily recoverable. 

In February, 1989, a viable processing flowsheet was finalized which not only recovers the originally targeted gold, silver and 
titanium values but also the alumina values contained in the resource. Synthetic crude oil would represent about 25 percent of the 
potential mineral values recoverable from the Bitumount Lease. 

The results of this work indicate that the first module could be a single-train plant, much 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 looking for potential financial partners to expand the project. The company plans to construct a modular Lease Evalua-
tion Unit in Alberta at an estimated cost of $12 million. 

BURNT LAKE PROJECT - Suncor Inc., Alberta Energy Company Ltd. and Canadian Hunter Exploration Ltd. (T-30) 

The Burnt Lake in situ heavy oil project is located on the Burnt Lake property in the southern portion of the Primrose Range in 
northeast Alberta. Initial production levels will average 12,500 barrels per day. 

According to the companies, the Burnt Lake project is a milestone because it will be the first commercial development of these 
heavy oil resources on the Primrose Range. This will require close cooperation with Canada's military. 

The multi-phase Burnt Lake project, which was proposed to use cyclic steaming, was put on hold in 1986 due to low oil prices, then 
revived in 1987. The project as of early 1989 was again halted. 

If successful, the cold flow production process may replace the cyclic steam stimulation process for commercial development. 

Burnt Lake is estimated to contain over 300 million barrels of recoverable heavy oil. 

COLD LAKE PROJECT - Esso Resources Canada limited (F-SO) 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval to 
proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases Sand 6 in May 1985. 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen-
eration plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled.
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COMMERCIAL PROJECTS (Continued) 

Shipments of diluted bitumen from Phases 1 and 2 started in July 1985, augmented by Phases Sand 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake averaged 60,000 barrels per day. Production in 
early 1988 reached 85,000 barrels per day. A debottlenecking of the (list six phases added 19,00 barrels per day in 1988, at a cost 
of $45 million. Production in 1990 avenged 90,000 barrels per day. 

The AERCB approved Esso's application to add Phases 7 through 10, which could eventually add another 44,000 barrels per day. 

All construction was essentially completed in 1988 on the central processing plant and the field facilities for Phases 7 and 8 at a cost 
of C$220 million. In December 1990, Esso announced plans to put Phases 7 and 8 into operation and begin steaming in March 
1991. Startup costs will be approximately $25 million. The development is expected to add 14,500 barrels per day of bitumen 
production and build up to 20,000 barrels per day. In February 1991, Esso made a decision to delay the startup of Phases 7 and 8. 
If market conditions improve, steaming operations could begin gZain. In March and April of 1991, Esso shut in 15,000 barrels per 
day of bitumen production due to unfavorable market conditions. 

Project Cost:	 Approximately $770 million for first ten phases 

DAPHNE PROJECT - Petro-Canada (1.60) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. To date over 350 core holes have been 
drilled at the site to better define the resource. 

Currently, the project has been suspended pending further notice. 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (1-70) 

Texaco placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition in 1985, to be reac-
tinted when conditions in the industry dictate.In 1991 the company is initiating steps to re-evaluate the technology needed to 
recover the oil and to evaluate the environmental compliance requirements for a commercial plant. Consideration will be given to 
restarting the Lurgi pilot unit. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost: Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentcch Corporation, A Subsidiary of Electromagnetic Oil Recovery, 
Inc. (T.80) 

Electromagnetic Oil Recovery Inc. (EOR), formerly Oil Recovery Systems (ORS) Corporation, through its subsidiary, Uentech 
Corporation, sponsored research and development at the Illinois Institute of Technology Research Institute (IFR1) on a single-
wellbore electromagnetic stimulation technique for heavy oil. The technique uses the well casing to induce an electromagnetic field 
in the oil-bearing formation. Both radio frequency and 60 cycle electric voltage are used. The radio frequency waves penetrate 
deeply into the formation while the 60 cycle current creates resistive heating. 

The first field test with a commercial well, initially producing about 20 barrels per day, was put into production in December 1985 
in Texas, on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy 
Resources Conservation Board, and stimulation started in a well in the Uoydminster area in Alberta, Canada. This well was drilled 
on a farmout from Husky Oil in the Wildmere Field. Primary production continued for about 60 days, during which the well 
produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to allow installation of the ORS 
electromagnetic stimulation unit. After power was turned on and pumping resumed on June 10, a sustained production of 
20 barrels per day was achieved over the following 30 days. The economic parameters of the operation were within the range ex-
pected, and process energy costs have been demonstrated at around $I/bbl, according to ORS. 

Additional nroiects under was' with EOR. Inc.'s technoloev include:
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COMMERCIAL PROJECTS (Continued) 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Limited. (F-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 targets in the area are the Lower Cummings 
and Clearwater sands of the Mannville Group. Additional oil sands potential is indicated in other Mannville zones including the 
Colony and the Sparky. 

Oil production from current wells at Amoco's Elk Point field totals 1,550 cubic meters per day. 

Amoco Canada has several development phases of the Elk Point Project. Phase I of the project, which is now complete, involved 
the drilling, construction, and operation of a 13-well Thermal Project (one, totally enclosed 5-spot pattern), a continuation of field 
delineation and development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The 
delineation and development wells are drilled on a 16.19 hectare spacing and are cold produced during Phase 1. 

Construction of the Phase 1 Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Cyclic Steam injection into the 13-well project was initiated in July, 1987 with continuous steam injection 
commencing on April 20, 1989. Continuous steam injection was discontinued in May 1990 and the pilot was shut in. 

In February, 1987, Amoco Canada received approval from the Energy Conservation Board to expand the development of sections 
28 and 29. To begin this expansion, Amoco drilled 34 wells in the north half of section 29 in 1987-88, using conventional and slant 
drilling methods. Pad facilities construction occurred in 1988. A further 24 delineation wells were drilled in 1989 and 22 wells were 
drilled in 1990. 

Future drilling at Elk Point is dependent on Phase 2 approval of the project. Phase 2 will continue to focus on primary production 
development and will allow for further infill drilling in the entire project area in all zones within the Mannville group. Some limited 
cyclic steaming is planned in future years. 

Project Cost:	 Phase I - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited ('F-IOU) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board for Phase I of a proposed 3 phase com-
mercial bitumen recovery project in August 1986. 

The Phase I project involves development of primary and thermal recovery operations in the Lindbergh and Frog Lake sectors 
near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 148 wells were drilled 
by the end of 1990. 

PanCanadian expects Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase Ill 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 three sections, and the results are being evaluated while a field test 
proceeds on a pilot steam flood process in one of these sections. 

As of March 1991, low prices for heavy crude and lack of economics for expensive enhanced oil recovery methods have caused Pan-
Canadian to delay Phase I plans. Meanwhile the company continues to streamline primary operations and to evaluate steam 
stimulation and experimental steam flood pilot results. 

Project Cost:	 Phase! = C$60 Million to date
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COMMERCIAL PROJECTS (Continued) 

FOREST HILL PROJECT - Greenwich Oil Corporation (17-110) 

Greenwich Oil Company is developing a project which entails modification of existing, and installation of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a fire  flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation. On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24, 1985. Project has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The oil production rate 
reached 1,200 barrels per day. 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection was temporarily 
suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion zone and 
to scavenge heat. 

On January 2, 1990, Greenwich successfully implemented its Plan of Reorganization which had been approved by the Court in 
November 1990. Under the terms of an agreement with the United States Treasury, successor to the Synthetic Fuels Corporation, 
the commitment for loan guarantees and price support was terminated. 

January jfl production was 410 barrels of oil per day. 

Project Cost:	 Estimated $425 million 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (P120) 

Amoco (formerly Dome Petroleum) began a commercial project in the Lindbergh area that would initially cover five sections and 
was planned to be developed at a rate of one section per year for live years. It was to employ'huff-and-puff" steaming of wells 
drilled on 10 acre spacing, and would require capital investment of approximately $158 million (Canadian). The project was ex-
pected to encompass a period of 12 years. Due to the dramatic decline of oil prices, drilling on the first phase of the commercial 
project was halted, and has forced a delay in the proposed commercial thermal development. 

The company has no immediate plans for steaming the wells to increase production because this 
process is uneconomic at current 

prices. 

The current focus has been development and optimizing of primary production. In 1990, 26 wells on 40-acre spacing were drilled 
for primary production. Again, due to low heavy oil prices, some limited drilling will take place in 1991. Primary production from 
the project is now avenging 6,200 barrels per day. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (T-130) 

Murphy Oil Company Ltd., has completed construction and startup of a 2,500 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the North Saskatchewan River. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand Rapids 
zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 95,000 centipoise. The 
wells are directionally drilled outward from common pads, reducing the number of surface leases and roads required for the 
project. 

The project was suspended for a year from September 1988 to August 1989 when three wells were steamed. The project returned 
to production on a limited basis in the last quarter of 1989. Initial results have been very encouraging, says Murphy, but an expan-
sion to full capacity depends on heavy oil prices, market assessment, and operating costs. 

Project Cost: 	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually are anticipated 
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COMMERCIAL PROJECTS (Continued) 

NEWGRADE HEAVY OIL UPGRADER - NewCradc Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-140) 

Construction and commissioning of the upgrader was completed in October, 1988. The official opening was held November 9, 
1988. In 1989 the hydrogen plant experienced many shut downs and a lire, causing other problems down the line due to fluctua-
tions. The problems with winterization, valves and metering systems were solved, however. 

The refinery/upgrader combination has been running at 50,000 barrels per day of crude through the refinery itself. From that, 
30,000 barrels per day of heavy =id 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 50,0 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Consumers' Co-Operative Refineries provided 5 percent of the costs as equity, plus the existing refinery, while the provincial 
government provided 15 percent. The federal government and the Saskatchewan government provided loan guarantees for 
80 percent of the costs as debt. 

Newflrade 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 30,000 barrels per day of upgraded crude oil or as will be the initial case, 
some combination of these two scenarios. 

Current operations include the processing of 50, barrels per day of heavy Saskatchewan crude with approximately 70 percent 
(35,000 barrels per day) being converted to a full range of refined petroleum products and the remaining 30 percent (15,000 barrels 
per day) being sold as synthetic crude. 

Project Cost:	 $700 million 

ORIMULSION PROJECT - Petroleos de Venezuela SA (PDVSA) and Veba Oct AG (T-145) 

Venezuela's state-owned oil company, Petroleos de Venezuela SA (PDVSA), and Germany's Veba Oel AG plan to develop the 
heavy crude and bitumen reserves in the Orinoco Belt in eastern Venezuela. The two companies are currently conducting a 
feasibility study to construct a facility capable of upgrading 80,000 barrels per day of extra heavy crude. Development plans for the 
next 5 years call for production of 1 million barrels per day. 

About 60 percent of this production would be Orimulsion, a bitumen based boiler fuel. The remainder would be converted to light 
synthetic crude oil. 

PDVSA has ioined forces with Mobil Cor poration in 1992 to explore other options for marketing heavy crude in addition to 
orimulsion. 

In October 1991, the ICashima-ICta Electric Power Corporation of Japan began firing their generators with 700 tons per day of 
orimulsion. Another Japanese utilit y, Mitsubishi Kasei Corporation, will begin working orimulsion in February 1992. 

OSLO PROJECT - F.sso Resources (25%), Canadian Occidental (20%), , Gulf Canada (20%), Petro-Canada (15%), PanCanadian 
Petroleum (10%), Alberta Oil Sands Equity (1001o). (T-130) 

The OSLO joint venture was to be an 80,000 barrel per day oil sands mine and extraction plant 60 kilometers north of Fort 
McMurray, and an upgrader situated about 7 kilometers south of Redwater, near Edmonton. Production was scheduled to begin in 
1996. 

On February 20, 1990 the Canadian federal government announced the withdrawal of its previous commitment to finance 
$1.6 billion of the $43 billion project. To the end of 1989, $75 million had been spent on project studies. In mid-1990, however, the 
Alberta government pledged to provide $47 million to complete the engineering phase. Alberta's contribution represented 
36 percent of the estimated $130 million total cost for the engineering phase. The Canadian federal government contributed about 
$453 million, 35 percent of the total, for the engineering phase. The OSLO consortium funded the rest. 

The engineering phase was completed by the end of 1991. Engineering work was focused on the Edmonton-area upgrader to be 
linked directly to OSLO's Fort McMurray bitumen production via pipeline. The pipeline is planned to be open to other operators 
to move their product. A second pipeline would return the diluent to the bitumen production facility. 

If built, the project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, 
the bitumen would be extracted from the sand by warm water and chemicals and sent to the upgrader by pipeline. There, it would 
be converted into synthetic crude oil with properties similar to conventional light crude oil—suitable as feedstock for Canadian 
refineries. OSLO has selected the high-conversion Veba Combi Cracking process for upgrading. 
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COMMERCIAL PROJECTS (Continued) 

According to OSLO, the OSLO reserves are large enough that a Project could produce 200,000 barrels of synthetic crude oil per 
day for almost 50 years. 

In early 1992 the OSLO partners decided that they could go no further with the project without government support. When the 
final work on technical design and environmental assessment was completed, the OSLO offices in Cal gary. Alberta were be closed. 
The project will not be built until economic conditions improve. 

Project Cat: $43 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (17-160) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an average production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Pecten Canada Limited. 

The expansion, at a cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen produc-
tion, plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The 
commercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant 
for generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted is diluted and marketed as a blended heavy oil. The diluted bitumen is transported by pipeline to the northern 
tier refineries in the United States and the Canadian west coast for asphalt production. 

An application to the Energy Resources Conservation Board received approval in early November 1984. Drilling began in 
February 1985. Construction began June 1985. The expansion was on stream October 1986. 

In 1989 production was increased to the design capacity of 1,600 cubic meters of oil per day. This rate continued in 1990. With a 
modification to the steam drive process, production during 1991 is anticipated to exceed the original design at 1,800 cubic meters 
per day. Coincident with this increase in production is a reduced steam requirement which contributes to improved efficiency of 
the current operation and reduced operating costs. 

On January 25, 1988 the ERCB approved Shell Canada's application to expand the Peace River project from 10,000 barrels per day 
to approximately 50, 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 1. PREP II would be developed in four annual construction stages, each capable of producing 
1,600 cubic meters per day. However, due to low world oil prices and continual uncertainty along with the lack of improved fiscal 
terms the expansion project has been postponed indefinitely. Some preparatory site work was completed in 1988 consisting of the 
main access road and drilling pads for PREP II. The ERCB approval for PREP H was allowed to lapse, however, in 
December 1990. Continued world oil price uncertainty contributed largely to the decision not to seek an expansion. 

Advances continue to be made in recovery technology, with a recent shift to continuous steam drive. Production in 1990 increased 
20 percent over 1989, while gross operating costs were reduced by nearly 10 percent. 

The Peace River complex completed its first full year of operating at capacity in 1990. Its 10 millionth barrel of bitumen was 
produced in March. Through a combination of increased bitumen production and reduced energy requirements, the unit bitumen 
production cost has been reduced to 30 percent of that averaged during the first full year of operation. 

Project Cost:	 $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170) 

Amoco (formerly Dome) proposed a 25,ODO barrels per day commercial project in the Primrose area of northeastern Alberta. 
Amoco is earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, 
the company undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby 
earned an interest in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 de-
grees API oil in 1984.
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COMMERCIAL PROJECTS (Continued) 

The agreement with Alberta Energy allows Amoco to earn an interest in an additional 194,280 acres of adjoining oil sands lands 
through development of a commercial production project. The project is estimated to cart)' a capital cost of at least $0.2 billion 
and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil or 18.6 percent 
of the oil originally in place in the project area. Each section will contain four 26-we11 slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. A subsequent amendment to the original scheme was approved on August 18, 1988. The 12,800 acre project will 
be developed in three phases. Four 6,5(Y) barrel per day modules will be used to meet the 25,000 barrel per day target. 

Due to depressed bitumen prices, the proposed drilling schedule remains postponed. The commercial project will proceed when oil 
prices return to levels which make the project viable. 

In 1989, Amoco undertook some additional work at the site by drilling a horizontal well. In 1990 Amoco announced it would drill 
two more wells to assist in engineering design work. Six hundred thousand dollars was planned to be spent on this effort in 1990. 

A new steam injection heavy oil pilot was placed in production in early 1991. By the end of 1991, AEC expects to be testing more 
than 80 wells using various techniques, including a cold technique which employs specialized pumps. 

AEC expects its share of Primrose heavy oil production to grow to about 10,000 barrels per day over the next 5 years and double by 
the late 1990s. 

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (T.180) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity was 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided 
by the two existing oil sands plants, Syncrude and Suncor. The refiners petroleum products are gasoline, diesel, jet fuel and stove 
oil. Byproducts include butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,000 tonne/year styrene plant. 
The refinery and petrochemical plant officially opened September 1984. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants. 

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 when thermal cracking 
produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality synthetic crude 
oil which is shipped to Edmonton for distribution. 

Current remaining reserves of synthetic crude oil are 276 million barrels. 

A phased approach to the debottlenecking project will increase plant capacity without the large upfront cash requirements. 

In 1991, Oil Sands Group set an all-time monthly record producing 22.1 million barrels of synthetic crude oil. Cash operating costs 
averaged JILK per barrel during 1991. Earnings for 1991 were $48 million. 

After December 31, 1991, the roaylty changed to be the greater of 5 percent of revenues or 30 percent of revenues less allowed 
operating and capital costs. 

Sun Company. Inc. announced in early 1992 its intention alone with partner Ontario Energy Corporation (OEC) to sell up to 45% 
interest in Suncor. Sun intends to reduce its 75% share to 55% and OEC would sell its entire 25% interest in Suncor. 

Project Cost:	 Not disclosed
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL PROJECTS (Continued) 

SUNNYSIDE PROJECT - Amoco Production Company (1-200) 

Amoco Corporation is studying the feasibility of a commercial project on 1,120 acres of fee property and 9,600 acres of combined 
hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is continuing on various extraction and retorting 
technologies. The available core data are being used to determine the extent of the mineable resource base in the area and to 
provide direction for any subsequent exploration work. 

A geologic field study was completed in September 1986; additional field work was completed in 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. Amoco continued due diligence efforts in the field in 1988. This work 
includes a tar sand coring program to better define the resource in the Combined Hydrocarbon Lease. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - ONC Energy Corporation (1-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by ONC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration. The pilot demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen 
as mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School or Mines 
Research Institute (CSMRI) in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio or 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 round it to be 

simpler and cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston, Texas and produced a 27 degrees API crude out or the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent or the metals, nitrogen, and sulfur. 

Today GNC has a complete process that on tests demonstrates 96 to 98 percent recovery or mined bitumen through the solvent and 
flotation units and converts 92 percent or that stream to a 27 degrees API crude with characteristics between Saudi Light and Saudi 
Heavy. 

ONC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels or bitumen. It has applied 
to ELM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, ONC requested loan and price guarantees of $452,419,. On November 19, 
1985 the SFC determined that the project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the SFC was canceled by Congressional action before givina any financial assistance to the oroiect. (iNC is 
now attempting to finance independently of United States government assistance. Studies have been completed by M. W. Kellogg 
and Engelhard indicating feasibility, after the decline in prices beginning in January 1986, of a 7,500 barrels per day plant which 
converts the ART-treated bitumen to 31 percent gasoline and 69 percent diesel. The 7,500 barrels per day plant including upgrad-
ing to products, with some used equipment, would cost $149 million. 

As of 1992. (iNC is still lookin g for financial partners, however, little process has been made since the 1980's 

Project Cost:	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (1-220) 

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, degrees F 
by making steam and then mixed with the tar sands in a variable speed rotary kiln. The hot synthetic gas vaporizes the oil out of 
the tar sands and this is then fractionated into a mixture of kerosene act fuel), diesel fuel, gasoline, other gases, and heavy ends. 

The syngas from the gasifier is separated from the oil product, the sulfur and CO removed and the gas is burned in a gas turbine 
to produce electricity. The hot exhaust gases are then used to make steam and cgenerated electricity. Testing indicates that the 
hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 

The plant would be built at Sunnyside, Utah, near the city of Price.
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There is a reserve of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been filed by Synco with the Utah Division of State Lands for an industrial special use lease containing the en-
tire Section 36 of State land bordering the town of Sunnyside, Utah. Synco holds process patents in the U.S., Canada and 
Venezuela and is looking for a company to joint venture with on this project. 

SYNCRUDE CANADA, LTD. - Esso Resources Canada (25.0%); Petro-Canada Inc. (12.017b); Alberta Oil Sands Equity (16.74%); Al-
berta Energy Company (10.0%); PanCanadian Petroleum Limited (10.0%); Gulf Canada Resources Ltd. (9.03%); Canadian Occidental 
Petroleum Ltd. (7.23%); 11800 - Oil Sands Ltd. Partnership (Amoco Canada Petroleum Company Ltd.) (5.0%); Mitsubishi Oil Com-
pany (5.011b) (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-bucketwheel 
acclaimer-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 
debottleneeking of the original processes. 

In 1990 production averaged over 180,000 barrels per day with operating costs of about C$16 per barrel. Operating costs are 
projected to reach $15 per barrel over the next 2 years. Production is expected to reach the level of 66 million barrels per year over 
the next few years through continued operating improvements and efficiencies. Syncrude Canada Ltd. nroduced 11 percent of 
Canada's crude oil requirements in 1990. Production during the first months of 1991 averned 152.000 barrels per day. 

In an effort to streamline production costs and anpear more attractive to nrospective buyers. Syncrude will cut the plant's 
4.600 workers by 400 by 1996. 

Three Star Drilling and Producing Corporation has sunk a 426 foot deep vertical shaft into the Upper Siggins sandstone of the Sig-
gins oil field in Illinois and drilled over 34,000 feet of horizontal boreholes up to 2.000 feet long through the reservoir. The original 
drilling pattern was planned to allow the borehole to wander up and down through the producing interval in a "snake' pattern. 
However, only straight upward slanting holes are being drilled. Three Star estimates the Upper Siggins still contains some 35 mil-
lion barrels of oil across the field. 

The initial plans call for drilling one to four levels of horizontal boreholes. 
which compose the 34,000 feet of drilling. 

Sixty percent of the horizontal drilling was completed by late 1990. 
to determine whether the mine is to be classified as gaseous or non 

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 HP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the huff-and-
puff method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled.



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL PROJECTS (Continued) 

An estimated 720 wells will be needed over the expected 25-year life of the project. Because the site consists mostly of muskeg, the 
wells will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and viscous (10 degrees API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir, 
however, production had increased to 1,030 cubic meters per day in 1989 and 1,147 cubic meters per day in 1990. Continuing the 
trend, 1991 will we an average production rate of 1,167 cubic meters per day. 

In 1987, a program designed to expand production by 2,400 cubic meters per day to 3,700 cubic meters per day, total bitumen 
production was initiated. Wolf Lake 2 was originally expected to be completed in mid-1989. 

In early 1989, B? Canada and Petro-Canada delayed by 1 year the decision to start up the second phase. While the Wolf Lake 2 
plant was commissioned in 1990, full capacity utilization of the combined project is not likely before the late 1990s when it is ex-
pected that higher bitumen prices will support the expanded operation and further development. 

The new water recycle facilities and the Wolf Lake 2 generators are operational. Production levels will be maintained at 600 to 700 
cubic meters per day until bitumen netbacks have improved. The Wolf Lake 2 oil processing plant and Wolf Lake I steam genera-
ting facilities have been suspended. 

In September 1989, Wolf Lake production costs were reported to be almost C$22 per barrel, while bitumen prices fell to a low of 
c$8.19 per barrel in 1988. BP initialed a program to reduce Wolf Lake costs, which included laying off 120 workers, making im-
provements in process efficiency, and operating the plant at about 50 percent of capacity. These economic measures cut operating 
costs to C$10 to 12 per barrel. 

In 1991, Wolf Lake production costs were less than L9 per barrel, and bitumen production avenged 4J22 barrels a day. 

In early 1992. BP Canada and Petro-Canada sold their entire interests in the proiect to Amoco Canada Petroleum. No once was 
disclosed but both com panies have written off their total $370 million investment in the proiect. 

Project Cost:	 Wolf Lake 1
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

YAREGA MINE-ASSISTED PROJECT— Union of Soviet Socialist Republics (T-265) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productiye formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 miCra . Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 15 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. In 15 years, 10 million tons of steam have been in-
jected into the reservoir. 

Three mines have been operated since 1975. An area of the deposit covering 225 hectares is under thermal stimulation. It includes 
15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two underground slant 
production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. Construction of 4 new 

Project Cost: 	 Not Disclosed
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL PROJECTS (Continued)

R & I) PROJECTS 

AT! IABASCA IN SITU PILOT PROJECT (Keari Lake) - Alberta Oil Sands Technology and Research Authority, Husky Oil Opera-
tions Ltd., Esso Resources Canada Ltd. (1'-270) 

The pilot project began operation in December, 1981. The pilot was developed with the following objectives in mind: Evaluate the 
use of horizontal hydraulic fractures to develop injector to producer communication; optimize steam injection rates; maximize 
bitumen recovery; assess the areal and vertical distribution of heat in the reservoir, evaluate the performance of weilbore and sur-
face equipment; and determine key performance parameters. 

The operator of the Athabasca In Situ Pilot Project is Husky Oil Operations Ltd. In 1990 three patterns were being operated: one 
9-spot and two 5-spots. The central well of each pattern is an injector. Eight observations wells are located in and around the 
three patterns. The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three 
patterns continue to be encouraging, according to Husky. 

In 1990 the project passed the one million barrel production mark and at the end of January 1991 the project entered its final, 
winddown phase. The winddown phase consists of reducing the central steam injection to zero and continuing to produce until the 
end of April 1991. The project was shut down at the end of April 1991, after a majority of the technical objectives had been met. 

In July 1991, all production, injection and observation wells were abandoned and the central facilities mothballed. 

Project Cost:	 Capital $54 million, operating $73 million 

BATRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, Hudson's Bay Oil and Gas (17-280) 

Mobil Oil Canada initiated dry combustion in the Baltrum field, near Swift Current, Saskatchewan, in 1965 and converted to wet 
combustion in 1978. The combustion scheme, which Mobil operates in three Battrum units, was expanded during 1987-88. The ex-
pansion included drilling 46 wells, adding 12 new burns, a workover program and upgrading surface production and air injection 
facilities. There are presently 18 burns in operation. 

All bums have been convened to wet combustion and the air injection rate is 25 million cubic feet per day. Studies have been in-
itiated to determine the feasibility of oxygen enrichment for the FOR scheme. 

BUENAVEWrURA COLD PROCESS PILOT - Buenaventura Resource Corp. (T-287) 

Buenaventura Resource Corporation owns the exclusive license to use a patented process to extract oil from tar sands in the 
United States and Canada. The cold process was invented by Park Guymon of Weber State University. 

The two step process uses no heat in extracting heavy oil from tar sands. Asphalt can be made from the oil, or it can be refined for 
use as a motor oil. The company is currently assessing the market for these products. 

The process will be developed in three phases. The first phase is a small pilot plant to be installed at or near Weber State Univer-
sity. The plant is being built in Texas and was shipped to Utah in the fall of 1990 for installation. The project's second phase will 
be a larger pilot plant and the third phase will be a commercial-scale plant. 

Buenaventura has been working on developing the new process in Uintah County, Utah since 1986. Funding for the project is 
being sought from the State of Utah and the United States Department of Energy. 

CANMET HYDROCRACKING PROCESS - Petro-Canada and Partec Lavalin Inc. (T-300) 

A novel hydrocracking process for the upgrading of bitumen, heavy oil and residuum has been developed at the Canada Centre for 
Mineral and Energy Technology (CANMET). This CANMET 1-lydrocracking 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 0C. (Pitch is defined as 

material boiling above 524 0C.) 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 Partet 
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. 
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R & I) PROJECTS (Continued) 

Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. Upon startup, the 
unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was achieved. In May 1986, 
introduction of additive led to the achievement of 80 weight percent pitch conversion without coking. This test proved the benefi-
cial effect of the additive in achieving high conversions. 

Further testing in pilot plants led to the use of a simpler additive. The plant operated from March 1987 until June 1989 using this 
commercial additive. During this time a number of special demonstrations were made including a high conversions (93%) run 
using a blend of vacuum residues from Cold Lake Heavy Oil and Western Canadian Crudes. The results of this work confirmed 
the capability of the process to achieve high conversion in a thermally stable, coke free, single stage reactor. 

The high conversion CANMET Hydrocracking Process has been successfully demonstrated and is now available for commercial 
application. Patent protection and process guarantees are provided by the licensors. 

The demonstration unit will be intetated into the refiner y operation in Montreal as part of the refinery's residue processin!. No 
further demonstration plant tests are planned, but a I barrel per stream day pilot plant is still used extensively for client feedstock 
testing. 

Project Cost:	 Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. (6001o) and Alberta Energy Co. (40 01o) (T-310) 

Husky Oil Operations Ltd. and Alberta Energy Co. received ERCB approval for a 1,100 barrels per day heavy oil steam pilot in 
the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

In September, 1989, Husky and AEC Oil & Gas Company announced their intention to proceed with the development of the 
Caribou Lake Pilot Project. This project will test the potential commercial application of producing heavy oil using cyclic steaming 
technology. Husky will operate the project. 

Construction at the Caribou Lake Pilot Project was completed in early 1991 and the operations phase of the project has begun. 
The Pilot consists of 25 cyclic steam/production wells, 75 MMBTU/hour steam generation capacity and associated oil treating and 
produced water clarification facilities. A comprehensive testing and analysis program to define technology for maximum reuse of 
produced water will be incorporated. The pilot will likely span 3 to 7 years depending on the results. The total average output of 
the project is expected to be 1,200 barrels of heavy oil per day. 

Project Cost: Approximately $20 Million 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada (T-320) 

Mobil's heavy oil project is located in T52 and R23, W3M in the Celtic Field, northeast of Lloydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and five injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 

Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987. Operations were 
suspended in 1988-89. 

Production in the Celtic Multizone Test, an expansion of the Heavy Oil Pilot, consisting of 16 wells on 20 acre spacing, commenced 
with primary production in September, 1988. First cycle steam injection commenced May, 1989. This test operation is now part of 
the total Celtic field operation. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-Il SYNFUELS DREDGING PROJECT- C-H Synfuels Ltd. (r-330) 

C-H Synfuels Ltd. plans to construct an oil sands dredging project in Section 8, Township 89, Range 9, west of the 4th meridian 

The scheme would involve dredging of a cutoff meander in the Horse River some 900 meters from the Fort McMurray subdivision 
of Abasand Heights. Extraction of the dredged bitumen would take place on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. The resulting bitumen would be stored in tanks, allowed to cool and solidify, 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 
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K & D PROJECTS (Continued) 

C-LI 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 (F-340) 

Kirkwood Oil and Gas is forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar Sand 
Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Work on this project was suspended in 1990 until an Environmental Impact Statement can be completed. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada (17-350) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 150 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 20 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of fourteen single wells in 1988. Various zones have been tested in the 
Upper and Lower Grand Rapids formation. The test well locations are distributed throughout Mobil's leases in Townships 63 and 
64 and Ranges 6 and 7 W4M. Based on encouraging results, the Iron River Pilot [see Iron River Pilot Project (T-440)]. was con-
structed with operations beginning in March, 1988. To date, steam stimulation tests have been conducted in a total of 14 vertical 
wells. 

Five vertical wells, all multizone completions, were still in operation in 1991; the remaining wells were suspended at the conclusion 
of their testing programs. No further steaming of the single wells is planned. A single zone, conduction assisted steam stimulation 
in a horizontal well began in mid-1989. This test was still operating in 1990. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Resources Limited, the Alberta Oil Sands Technology and Research 
Authority, and L'Association pour 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. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL 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. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
caise du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 

The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. ('T-380) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Laming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease No. 
40. Esso has sold these data to several companies. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. E.sso expanded its Laming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion, costing $40 million, 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is 3,100 cubic meters per day—i.e., about 19,500 barrels per day of bitumen. 
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R & D PROJECTS (Continued) 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as on follow-up recovery methods, such as steam displacement and horizontal wells. 

(Also see Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EYEIIILL IN SITU COMBUSTION PROJECT - Canadian Occidental Petroleum, Ltd., CS. Resources Ltd. and Murphy Oil Company 
Ltd. (T-390) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 1640-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,0 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 after 1988. 

Production in 1990 continued at 500 barrels per day. The air compressors supplying combustion air were shut-in in June 1990. 
Secondary processes for additional recovery BiLlLe reviewed durin g 1992. 

Project Cost:	 $15.2 million 

FORT KENT THERMAL PROJECT - Koch Industries and Canadian Worldwide Energy Corporation (T-400) 

Canadian Worldwide Energy Ltd. and Succor, Inc., developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of Al-
berta. Canadian Worldwide holds a 50 percent working interest in this project, with Koch Industries now replacing Suncor. This 
oil has an average gravity of 125 degrees API, and a sulfur content of 33 percent. The project utilizes huff and puff, with 
steamdrive as an additional recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns 
converted from 1984 through 1988. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an Swell cluster drilled in late 1985. Five additional develop-
ment well locations have been drilled. Approximately 59 wells are now operating, with production averaging 1,600 barrels per day. 
Further development work, including tying-in the S wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated to be greater than 21 percent with recoveries in the 26 percent range in the steamflood areas expected. 

Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to 1988 is approximately $35 million (Canadian). 

In January 1989, it was announced that the project would be indefinitely suspended 

Project Cost:	 See Above 

FROG LAKE PILOT PROJECT—Texaco Canada Petroleum (T405) 

In 1991 Texaco be gan preparing to apply electromagnetic heating to stimulate three Lower Waseca wells at Frog Lake. The wells 
were placed on production in late November 1990 and electroma gnetic heatin g was scheduled to commence by mid-1991. 
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GLISP PROJECT - Amoco Canada Petroleum Company Ltd. (14.29%) and AOSTRA (85.71%) (P420) 

The Gregoire Lake In-Situ Steam Pilot (GLISP) was an experimental steam pilot located at Section 1486-7W. Phase B operations 
were terminated in July 1991 due to financial limitations. Petro-Canada had participated in Phase A of the project, but declined to 
participate in Phase B which was initiated in 1990. The lease is shared jointly by Amoco and Petro-Canada. Amoco is the 
operator. 

The GLISP production pattern consisted of a four spot geometry with an enclosed area of 0.28 hectacres (0.68 acres). The process 
tested the use of steam and steam additives in the recovery of high viscous bitumen (lxlO million eP at virgin reservoir 
temperature). Special fracturing techniques were tested. Three temperature observation wells and seismic methods were used to 
monitor the in-situ process. 

The project began operation in September 1985. Steaming operations were initiated in October 1986 to heat the production 
wellbores. A production cycle was initiated in January 1987 and steam foam flooding began in October 1988. Foam injection was 
terminated in February 1991. Steam diversion using low temperature oxidation was tested between April and July 1991. Opera-
tions at GLISP were suspended July 18, 1991. 

Project Cost:	 $26 million (Canadian) 

HANGINGSTONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (T-430) 

Construction of a 13 well cyclic steam pilot with 4 observation wells was completed and operation began on July 1, 1990. On Sep-
tember 4, 1990, Petro-Canada announced their official opening of the I-langingstone Steam Pilot Plant. 

The production performance of the first cycle was said to be below expectation because of cold bitumen influx into the wellbore 
causing severe rodfall problems and pump seizure, and a back of heat in the zone of high bitumen saturation. 

The pilot wells are now in their third production cycle. 

The Group Owns 34 leases in the Athabasca oil sands, covering 500,	 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 1-langingatone operations are expected to continue until the end of 1992. According to Petro-Canada, total expenditures will 
reach $160 million by 1993. Expansion to an enlarged pilot operation or a semi-commercial demonstration project could result if 
the current project is deemed successful. 

IPIATIK EAST PROJECT - Alberta Energy Company (AEC), Amoco Canada Petroleum Company, Ltd. and Deminex Canada (17435) 

The Ipiatik East pilot is inside the Cold Lake Air Weapons Range, otherwise known as the Primrose Block. AEC is the operator 
and holds a 60 percent interest in the project. Partners are Amoco Canada and German Deminex Canada. The project has tested 
cyclic steam stimulation of bitumen in the Wabiskaw sands of the Lower Cretaceous Mannville Group. 

AEC first began experimenting with cyclic steaming in the area in 1984 with seven wells drilled on 3.6 acre spacing. The initial 
strategy was to use the basal zone to promote reservoir heating and gravity drainage, and to minimize steam override. Initial 
steaming using 44,000 barrel slugs provided good performance on the first cycle but production deteriorated in later cycles. The 
wells had been completed with the conventional techniques of installing the production casing set through the formation and ce-
mented to the surface. 

In late 1986, AEC began testing a propped sand fracture completion prior to steam injection. The horizontal fracture provided a 
larger contact area for stimulation and a better chance to contain the fracture above the basal zone. To assist fracture initiation, 
the casing was notched to create a narrow horizontal area which would be exposed to high rate, high pressure fracture fluids. The 
casing was notched in the upper half of the oil sands above several of the tight calcite layers. 
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Results of the propped fracturing prior to steam injection were very encouraging. AEC drilled three more wells (Phase B) north-
east of the Phase A pattern in 1987 for further testing. Phase B results were superior to Phase A. The Phase B wells achieved daily 
oil production rates which were 50 percent better than cycle one, 90 percent better than cycle two and 60 percent better than cycle 
three on typical Phase A wells. ABC drilled another four wells in 1988, completing a regular seven-spot pattern on six-acre spacing. 
Those wells have performed better than the 1987 wells over three cycles. 

Due to prevailing low heavy oil prices the project was suspended in 1990 to allow concentration on other areas of Primrose which 
have more immediate commercial potential. Future testing of alternate recovery processes at Ipiatik are being considered. 

Project Cost: Phase A: 024,000,000 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (17440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a four hectare pad develop-
ment with 23 slant and directional wells and 3 observation wells on 3.2 and 1.6 hectare spacing within a 65 hectare drainage area. 
The project is 100 percent owned by Mobil Oil. It is located in the northwest quarter of Section 6-64-6W4 adjacent to the Iron 
River battery facility located on the southwest corner of the quarter section. The project is expected to produce up to 200 cubic 
meters of oil per day. The battery was expanded to handle the expected oil and water volumes. The produced oil is transported by 
underground pipeline to the battery. Pad facilities consist of 105 million Id/hr steam generation facility, test separation equipment, 
piping for steam and produced fluids, and a flare system for casing gas. 

To obtain water for the steam operation, ground water source wells were drilled on the pad site. Prior to use, the water is treated. 
Produced water is injected into a deep water disposal well. Fuel for steam generation is supplied from Mobil's fuel gas supply sys-
tem and the treated oil is trucked to the nearby Husky facility at Tucker Lake. 
The pilot project has been operating since 1988 and is expected to continue operation until 1992. 

Project Cost:	 $14 million 

KEARL LAKE PROJECT - See Athabasca In Situ Pilot Project (r-270) 

LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (T470) 

This experimental in situ recovery project is located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot 
thick Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 20 
acres. Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested 
from 1980 to 1983 but has been terminated. Huff-and-puff continued. Production rates from the seven-spot area were encourag-
ing, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 85,000 Cp at reservoir temperature F. Porosity is 33 percent and permeability is 2500 md. 

This pilot is currently suspended due to low oil prices. 
(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost:	 $7 million capital, $2.5 million per year operating 

LINDBERGH THERMAL PROJECT - Amoco Canada Petroleum Company Ltd. (T-480) 

Amoco (formerly Dome) drilled 56 wells in section 18-55-5 W4M in the Lindbergh field in order to evaluate an enriched air and air 
injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to evaluate the combination thermal 
drive process. The enriched air scheme included three 10 acre patterns. Currently only one 10 acre enriched air pattern is opera-
tional. 

Air was injected into one 10 acre pattern to facilitate sufficient burn volume around the wellbore prior to switching over to en-
riched air injection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A con-
certed plan of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several 
years. Enriched air injection was reinitiated in this pattern in August 1985. Initial injection rate was 200,000 cubic feet per day of 
100 percent pure oxygen. Early oxygen breakthrough was controlled in the first year of Combination Thermal Drive (C1'I)) by 
reducing enrichment to 80% oxygen. 

In the second year of Cli), further oxygen breakthrough was controlled by stopping injection, then injecting air followed by 
50 percent 02. Lack of production response and corrosion caused the pilot to be shut in in mid-1990. 

Project Cost: 	 $22 million
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MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (F490) 

Amoco (formerly Dome) completed a 46 well drilling program (7 injection wells, 39 production wells) in Section 35-51-4-W4M in 
the Morgan field in order to evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot pat-
terns. All wells have been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimula-
tions to provide for production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. 
All of the nine patterns have been ignited and are being pressure cycled using air injection. 

A change of strategy with morn frequent pressure cycles and lower injection pressure targets was successful for pressure cycle four. 
This strategy will be continued with pressure cycle five scheduled for this year. A conversion to combination thermal drive is still 
planned after pressure cycling becomes unfeasible due to longer repressuring time requirements. 
The project started up in 1981 and is scheduled for completion in 1995. 

Project Cost:	 $20 million 

ORINOCO BELT STEAM SOAK PILOT—Maraven (T-500) 

The Orinoco Belt of 54.000 km2 was divided into four areas in 1979 to effect an accelerated ex ploration program by the operating 
affiliates (Corpoven, Lngoven, Mnraven and Meneven) of the holding company Petroleos de Venezuela (PDVSA. 

Maraven has im plemented a pilot proiect in the Zuata area of the Orinoco Belt to evaluate nerformance of slant wells, productivity 
of the area, and well response to 'Huff and Pufr steam iniection in relation to a commercial development. 

Twelve inclined wells (7 producers and 5 observers) have been drilled in a cluster configuration, using a slant rig with a well spacing 
at surface of 15 meters and 300 meters in the reservoir. 

The 7 production wells, com pleted with openhole gravel packs, have been tested orior to steam iniection at rates between 30 BPD 
and 200 BPD usin g conventional pumping eq uipment. Five wells have been iniected. each with 10.000 tons of steam distributed 
selectively over two zones. After an initial flowin g period, stabilized production on the pump avenged 1.400 BPD per well with a 
water cut of less than 3%. 

With the information derived from the exploration phase, it was pcsible to establish an oil-in-place for the Zuata area of 
487 billion SF8. 

PELICAN LAKE PROJECT - CS Resources Limited and Devran Petroleum Ltd. (T-510) 

CS Resources acquired from Gulf Canada, the original operator, the Pelican Lake Project comprised of some 89 sections of oil 
sand leases. 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary production 
methods, with a view to ultimately introducing thermal recovery methods. 

Eight horizontal wells have been successfully drilled at the project site in north centralAlberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,500 feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 

Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 
Drilling of five more horizontal wells with horizontal sections of 3,635 feet (a horizontal record) was accomplished in December 
1989 and January 1990. 

Special effort was made to keep the drilling program simple and cost-effective. A surface casing was set vertically at 110 meters, 
then the wells were kicked off and inclination was built gradually to 90 degrees at a rate of two degrees/i0 meters. An intermediate 
casing was run and cemented before horizontal drilling commenced in the sand reservoir. Early production rates avenged 15 to 
20 cubic meters per day, three to six times average vertical well figures. Four wells, drilled in 1988. rapidly produced with a disap- 
pointing, and unexpected high water cut, whereas no bottom water is known to exist in this particular area. However, the two sub-
sequent horizontal wells have not had an y free water problems. 

Sand production has not been a major problem and the production sand content is lower than in surrounding vertical wells. 

Project Cost:	 Not disclosed
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PELICAN-WABASCA PROJECT - CS Resources (17-520) 

Construction of fireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase II (fireflood) commenced operations during September 1981 The pilot consists 
of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells were cyclic 
steamed.. One pattern was converted to a steam drive, another pattern converted to a water drive. The remaining wells stayed on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot was convened to steamflood in fall 1987. 

In May 1989 all thermal operations had been tenninated. The wells were abandoned with the exception of 13 wells that remain 
producing on primary production. 

Project Cost: Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT - AOSTRA, Canadian Occidental Petroleum, Ltd., Esso, Resources 
Canada Ltd., Murphy Oil, Norcen Energy Resources Limited (17-530) 

Norcen 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 project was designed to be operated in four stages. The first stage was to place the wells on primary production, next to begin 
multicyclic steam stimulation, followed by a steam drive and finally a heat scavenging waterflood. The project was estimated to last 
approximately 10 years. The time frame for these four phases being. 

Mar/85 - Fed/86: Primary Production 
Apr/86 - Jun/89 Cyclic Steam Stimulation 
Jul/89 - Dec/92: Steam Drive 
Jan/93 - Dec/94: Heat Scavenging Watertlood 

Overall, the cyclic production performance had an average incremental recovery of 17 percent over the three-year cycle phase. The 
average calendar day oil rates were slightly less than the 11.9 cubic meters per day originally forecast with oil steam ratios higher 
than the 035 forecast. 

The next phase of the pilot is to follow-up the four cycle steam stimulation phase with a steam drive by way of continuous injection 
into the central well. Performance thus far has been encouraging with production being equal to or better than forecast and 
slightly higher than at the end of the cyclic phase. The steam drive performance in 1991 and 1992 will be important in determining 
the ultimate recovery process and pattern size to be chosen for the pool. 

Project Cost:	 $14 million capital, $23 million per year operating 

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 
I,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.
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The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and 
claims the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and low economical 
capital and operating costs. Process optimization and scale-up testing is currently underway for the Solv-Ex/ShelI Canada Project 
which uses the same technology. 

The extraction plant for the project has been designed to process tar sand on at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totaling $230,947,00D under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SFC was abolished by Con-
gress on December 19, 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) 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (1-580) 

Home Oil Company Limited, in October 1979, announced the fannout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980090001 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and 
Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and in 
1985. Engineering studies on commercial feasibility were continuing. 

Little progress has been reported since 1987. 

Project Cost:	 Not Specified 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada Petroleum Company Ltd. (T-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Melis Settle-
ment south of Cold Lake. The project is designed to test cyclic steam simulation process. 

Amoco Canada has been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The company now has 49 active or shut-in wells at this site with most having been drilled since 1985. The 
heavy oil reservoir at Soars Lake is located in the Sparky formation at a depth of 1,500 feet. 

In the summer of 1987, Amoco began drilling 15 slant wells for the project. One vertical well already drilled at the site was in-
cluded in the plans. The wells are oriented in a square 10 acre/well pattern along NE-SW rows. 

The injection scheme initially called for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 
However, severe communication developed immediately along the NE-SW direction resulting in production problems. Although 
this fracture trend was known to exist, communication was not expected over the 660 feet between the welts' bottomhole locations. 
Steam splitters were installed to allow steaming of 4 wells simultaneously along the NE-SW direction. Four cycles of steam injec-
tion have been completed and although production problems have decreased, reservoir performance remains poor. The short-term 
strategy for the pilot calls for an extended production cycle to create some voidage in the reservoir prior to any further steam 
stimulations. 

Further to extending the production cycle of the original pilot wells, Amoco Canada is currently testing the primary production 
potential of Soars Lake with six new wells drilled in June 1991. To this end Amoco Canada and the government of Alberta are ne-
gotiating an agreement on project royalties for primary production. Initial results from the six new wells have been encouraging. 
Additional drilling is anticipated during late 1991 or early 1992. 

Project Cost: $40 million 

STEEPBANK PILOT PROJECT - Chevron Canada Resources (TATh
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Operations commenced November 1. 1991 with steam circulation in the horizontal well. 

Proiect Cost:	 $12.7 million 

TACIUK PROCESSOR PILOT - AOSTRA and The UMA Group Ltd. ('r-olO) 

AOSTRA has built a pilot for an extraction and partial upgrading process located in southeast Calgary, Alberta. The pilot plant 
finished construction in March 1978 at a cost of $1 million. The process was invented by William Taciuk of The UMA Group. 
Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the Alberta 
Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat exchange, 
cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. The pilot plant, which 
processed 5 tons of Athabasca oil sand per hour, has completed testing and demonstration. 

Information agreements were made with a major oil company and with a joint-venture company between two majors. The informa-
tion agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the informa-
tion generated by the project during the pilot phase. 

A substantial increase in coke burning capacity and in the length of pilot on was demonstrated in the 1982 season. Recycle of the 
heaviest traction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid coker, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

The next stage is a demonstration scale AOS1'RA Taciuk Processor (ATP) plant, sized at 100 tons per hour feed capacity and lo-
cated in the Athabasca Oil Sands operating area. The design and proposal for this facility were completed in 1985, but the project 
has not proceeded because of the unfavorable economic climate for oil industry capital investment. 

A comparable demonstration scale project is being considered for a semi-commercial plant to study and demonstrate the AT!' Sys-
tem for producing oil from oil shale at a deposit in Australia. The design of this facility is underway, and is for a throughput 
capacity of 6,000 tons per day of oil shale feed. Construction is not yet committed, but is planned for 1993 or later. (See Stuart Oil 
Shale Project in oil shale status section). 

A third area of application of the technology has been developed in the past 2 years, which is its use for remediation of oily soils 
and sludges. In this area, the AT!' has progressed to commercialization. The first AT!' waste treatment was built in 1989 for Soil-
Tech, Inc. which is the United States licensee for the use of the technology in waste treatment. This plant has successfull y treated 
42.000 tons of P0 contaminated soil to remove the PC!) contaminant. The removal treatment was by chemical dechlorination 
within the All' unit and met standards of 2 ppm or less PC!) for the remediated soil. 

The 10 ton/hour soiltech plant is presently committed for use at the Waukeaon Harbor Su perfund site in Illinois. This is also a 
PC!) treatment proiect, for the extraction of PCBs from 17.000 cubic yards of drained harbor silts. 

In February 1991, AOSTRA commissioned the construction of a  ton per hour portable unit for use in Canada. It will to be avail-
able in the summer of 1992 to demonstrate oil production from tar sands and cleanup of oily waste sites in Canada. 

Project Cost To Date:	 f million (AOSTRA) 

TANGLEFLAGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (T-620) 

The project, located some 35 kilometers northeast of Lloydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the 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 54-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 provided $3.9 million in funding under the terms of the Canada-Saskatchewan 
Heavy Oil Fossil Fuels Research Program.
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Estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak 
gross produc-

tion rate of 6,200 barrels of oil per day. Project life is estimated at 15 years. 

The Tangicflags pilot has advanced to the continuous steam injection phase. With one horizontal well and four vertical steam injec-
tion wells in place, the project was producing at rates in excess of 1,000 barrels of oil per day by mid 1990. Cumulative production 
to the middle of 1990 was 425,000 barrels. Production has reached peak rates in excess of 1,600 barrels per day. The expansion of 
the pilot project into a commercial operation involving 14 horizontal wells will hinge on future crude oil prices. 

the end of 1992. For this purpose a second horizontal producer well and an additional vertical injector well were drilled in the 
fourth quarter of 1990. Facilities were expanded to generate more steam and handle increased production volumes in early 1991. 
Cumulative oil production to the end of 1991 was 1.303.000 barrels. 

Project Cost: $12.3 million invested to 1992 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery, of bitumen. A combined hydrocarbon unit, to 
be called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Tri-
angle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-Rimrock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

The project has been put on temporary hold. 

Project Cost:	 Unknown 

UNDERGROUND TEST FACILITY - Alberta Oil Sands Technology and Research Authority, Federal Department of Energy, 
Mines and Resources (CANMET), Chevron Canada Resources Limited, Esso Resources Canada Limited, Conoco Canada Limited, 
Mobil Oil Canada Ltd., Petro-Canada Inc., Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd., Japex Oil Sands Ltd. (1'-650) 

The Underground Test Facility (11FF) was constructed by AOSTRA during 1984-1987, for the purpose of testing novel in situ 
recovery technologies based on horizontal wells, in the Athabasca oil sands. The facility is located 70 kilometers northwest of Fort 
McMurray, and consists of two access/ventilation shafts, three meters in diameter and 185 meters deep, plus a network of tunnels 
driven in the Devonian limestone that underlies the McMurray pay. A custom drilling system has been developed to drill wells up-
ward from the tunnels, starting at a shallow angle, and then horizontally through the pay, to lengths of up to 1,000 meters. 

Two processes were selected for initial testing: steam assisted gravity drainage (SAGD), and Chevron's proprietary HASDrive 
process. Steaming of both test patterns commenced in December 1987 and continued up to early 1990. HASDrive was shut in 
April 1990 and the SAGD was to continue producing in a blowdown phase until the fall of 1990. 

Both tests were technical successes. In the case of the Phase A SAGD test, a commercially viable combination of production rates, 
steam/oil ratios, and ultimate recovery was achieved. Complete sand control was demonstrated, and production flowed to surface 
for most of the test. 

Construction of the Phase B SAGD test commenced in the spring of 1990 with the drivage of 550 meters of additional tunnel, for a 
total of about 1,500 meters. Phase B is a direct scale up of the Phase A test, using what is currently thought to be the economic op-
timum well length and spacing. The test consists of three pairs of horizontal wells, with completed lengths of 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. All six wells were successfully drilled in 1990. The rest of Phase B operations are to be completed by 
1994. Phase A produced over 130,000 barrels of bitumen. 

Phase B steaming, to commence in September 1991, is expected to continue until 1994. A decision regarding expansion to com-
mercial production will be made after this period.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since December 1991) 

R & I) PROJECTS (Continued) 

AOSTRA states that this new method of bitumen production is starting to look like a major technological breakthrough and that 
bitumen may eventually be produced for under Q7 per barrel, which would be less costly than most current in situ bitumen 
production. 

Project Cost:	 $150 million
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COMPLETED AND SUSPENDED PROJECTS 

Prolect Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petit-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 
SoIv-Ex Corp. 

Beaver Crossing Thermal Recovery Pilot Chevron Canada Resources December 1988; page 3-67 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Burnt Lake Suncor December 1986; page 3-43 

BVI Cold Lake Pilot AOSTRA 
Bow Valley Industries, Ltd. March 1991; page 3-44 

California Tar Sands Development Project California Tar Sands Development Company September 1989,, page 3-42 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Canstar Nova March 1987; page 3-29 
Petit-Canada 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor June 1987; page 3-55 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 3-42 

Charlotte Lake Project Canadian Worldwide Energy Ltd. September 1988; page 3-61 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project EOR Petroleum Company December 1983; page 3-59 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources December 1979; page 3-31
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STATUS OF OIL SANDS PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

l)eepsteam Project Sandia Laboratories March 1984; page 3-41 
United States Department of Energy 

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 Falcon Sciences, Inc. December 1985; page 3-38 

Fostern N. W. In Situ Wet Combustion Mobil Oil Canada, Ltd. December 1989; page 3-

Grossmont Thermal Recovery Project Unocal Canada Ltd. December 1988; page 3-71 

HOP Kern River Commercial Ladd Petroleum Corporation June 1985; page 3-51 
Development Project 

Ipiatik Lake Project Alberta Energy Company and December 1986; page 3-63 
Petro-Canada 

Jet Leaching Project BP Resources Canada Ltd. June 1991; page 3-57 

Kenoco Project Kenoco December 1991; page 3-52 

Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Lloydminster Firellood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 3-43 
Westcoast Petroleum 

Marguerite Lake 'B' Unit AOSTRA December 1988; page 3-72 
BP Resources Canada 
Petit-Canada 

Meota Steam Drive Project Conterra Energy Ltd June 1987; page 3-60 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Peace River In Situ Pilot Amoco Canada Petroleum June 1987; page 3-61 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Norcen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56
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STATUS OF OIL SANDS PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

RAPAD Bitumen Upgrading Research Association for Petroleum Alternatives December 1991; page 3-55 

Ras Gharib Thermal Pilot General Petroleum Company of Egypt March 1990; page 3-54 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 

K. F. Heating Project HT Research Institute March 1983; page 3-43 
1-lalliburton Services 
United Slates Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

RTR Pilot Project RTR Oil Sands (Alberta) Ltd. March 1991; page 3-53 

Santa Fe Tar Sand Triangle Alt" Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project SoIv-Ex Corporation March 1985; page 3-45 

Sarnia-London Road Mining Assisted Project Devran Petroleum December 1988; page 3-62 
Shell Canada 

South Kinsella (Kinsella B) Dome Petroleum December 1988; page 3-76 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Tucker Lake Pilot Project Husky Oil Operations Ltd. December 1991; page 3-57 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 3-43 

Wabasca Fireflood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Ovcrthnist Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources September 1988; page 3-70 
Petro Canada 

200 Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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INDEX OF COMPANY INTERESTS 

Company or Onanization Project Name En! 
Alberta Energy Company Burnt Lake Project 3-40 

Caribou Lake Pilot Project 3-51 
Ipiatik East Project 3-54 
Primrose Lake Commercial Project 3-45 
Syncrude Canada Ltd. 3-48 

Alberta Oil Sands Equity Oslo Project 3-44 
Syncrude Canada Ltd. 3-48 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-50 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-52 

(WISP Project 3-54 
Provost Upper Mannville Heavy Oil Steam Pilot 3-57 
Taciuk Processor Pilot 3-59 
Underground Test Facility Project 3-60 

Amoco Canada Petroleum Company, Ltd. Elk Point 3-42 
GLISP Project 3-54 
Ipiatik East Project 344 
Lindbergh Commercial Project 343 
Undbcrgh Thermal Project 3-55 
Morgan Combination Thermal Drive Project 3-56 
Primrose Lake Commercial Project 3-45 
Soars Lake Heavy Oil Pilot 3-58 
Underground Test Facility 3-60 
Wolf Lake Project 3-48 

Amoco Production Company Sunnyside Project 3-47 

Buenaventura Resource Corp. Buenaventura Cold Process Pilot 3-50 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 3-50 
Technology Underground Test Facility 3-60 

Canadian Hunter Exploration Burnt Lake Project 3-40 

Canadian Occidental Petroleum, Ltd. Eyehitl In Situ Combustion Project 3-53 
Hangingstone Project 3-54 
Oslo Project 3-44 
Provost Upper Mannville Heavy Oil Steam Pilot 3-57 
Syncrude Canada Ltd. 348 

Canadian Worldwide Energy Corp. Fort Kent Thermal Project 3-53 

CANMET Underground Test Facility 3-60 

C-fl Synfuels Ltd. C-H Synfuels Dredging Project 3-51 

Chevron Canada Resources Ltd. Steepbank HASDrive Pilot Project 3-60 
Underground Test Facility 3-58 

Conoco Canada Ltd. Underground Test Facility 3-60 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 3-44 

CS Resources Eyehill In Situ Combustion Project 3-53 
Pelican-Wabasca Project 3-57 
Pelican Lake Project 3-56 

Deminex Canada Ipiatik East Project 3-54 

Devran Petroleum Ltd. Pelican Lake Project 3-56
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS (Continued)

Company or Organization Project Name 

Electromagnetic Oil Recovery Inc. Electromagnetic Well Stimulation Process 3-41 

Enercor PR Spring Project 3-57 

Esso Resources Canada Ltd. Athabasca In Situ Pilot Project 3-50 
Cold Lake Project 3-40 
Esso Cold Lake Pilot Projects 3-52 
Hanging Stone Project 3-54 
Oslo Project 3-44 
Provost Upper Mannville Heavy Oil Steam Pilot 3-57 
Syncrude Canada Ltd. 3-48 

GNC Energy Corporation Sunnyside Tar Sands Project 347 

Greenwich Oil Corporation Forest Hill Project 3-43 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-52 
Oslo Project 344 
Sandalta 3-58 
Syncrude Canada Ltd. 3-48 

HBOG Oil Sands Partnership Syncrude Canada Ltd. 3-48 

Home Oil Company Sandalta 3-58 

Hudson's Bay Oil and Gas Batirum In Situ Wet Combustion Project 3-50 

Husky Oil Operations, Ltd. Athabasca In Situ Pilot Project 3-50 
Battn'm In Situ Wet Combustion Project 3-50 
Bi-Provincial Upgrader 3-39 
Caribou Lake Pilot Project 3-51 

James W. Bunger and Assoc. Inc. Asphalt From Tar Sands 3-39 

Japan Canadian Oil Sands Ltd. Hangingstone Project 3-54 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-52 
Tar Sand Triangle 3-60 

Koch Exploration Canada Fort Kent Thermal Project	 - 3-53 

L'Association pour la Valorization Donor Refined Bitumen Process 3-52 
des Huiles Lourdes (ASVAHL) 

Maraven Orinoco Belt Steam Soak Pilot 3-56 

Mitsubishi Oil Company Syncrude Canada Ltd. 348 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-50 
Celtic Heavy Oil Pilot Project 3-51 
Cold Lake Steam Stimulation Program 3-52 
Iron River Pilot Project 3-55 
Sandalta 3-58 
Underground Test Facility 3-60 

Murphy Oil Canada Ltd. Eychill In Situ Combustion Project 3-53 
Lindbergh Commercial Thermal Recovery Project 3-43 
Lindbergh Steam Project 3-55 
Provost Upper Mannville Heavy Oil Steam Pilot 3-57 
Tangieflags North 3-59 

NewOrade Energy Inc. NewCirade Heavy Oil Upgrader 3-44
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS (Continued)

Company or Organization Project Name 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-57 

Ontario Energy Resources Ltd. SURcOr, Inc. Oil Sands Group 3-46 

PanCanadian Petroleum Elk Point Oil Sands Project 3-42 
Oslo Project 3-44 
Syncrude Canada Ltd. 348 

Part" Lavalin Inc. CANMET Hydrocracking Process 3-50 

Petro-Canada CANMET Hydrocracking Process 3-50 
Daphne Project 341 
GLISP Project 3-54 
Han&ntone Project 3-54 
Oslo Project 344 
Syncrude Canada Ltd. 3-48 
Underground Test Facility 3-60 

Petroleos de Venezuela SA Orimulsion Project 3-44 

Saskatchewan Government NewOrade Heavy Oil Upgrader 3-44 

Saskoil Battrum In Situ Wet Combustion Project 3-50 

Sceptre Resources Ltd. TangJeflags North 3-59 

Shell Canada, Ltd. Peace River Complex 345 
Scotford Synthetic Crude Refinery 3-46 
Underground Test Facility 3-60 

Solv-Ex Corporation Bitumount Project 340 
PR Spring Project 3-57 

Suncor, Inc. Burnt Lake Project 340 
Fort Kent Thermal Project 3-53 
Suncor, Inc. Oil Sands Group 3.46 

Sun Company, Inc. Suncor, Inc. Oil Sands Group 346 

Synco Energy Corporation Synco Sunnyside Project 347 

Texaco Canada Petroleum Frog Lake Project 3-53 

Texaco Inc. Diatomaceous Earth Project 3-41 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-48 

Uentech Corporation Electromagnetic Well Stimulation Process 3.41 

Underwood McLellan & Associates Taciuk Processor Pilot 3-59 
(UMA Group) 

Unocal Canada, IA. Battrun, In Situ Wet Combustion Project 3-50 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-49 

Veba Oel AG Orimulsion Project 3-44
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PROJECT ACTIVITIES 

WESTERN ENERGY'S SYNCOAL PROCESS READY FOR 
DEMONSTRATION 

The Advanced Coal Conversion Process (ACCP) is ready for 
demonstration at the $30 million project plant recently con-
structed in Colstrip, Montana. "An Advanced Coal Conver-
sion Process for Low-Rank Western Coals," a paper 
presented at the Power-Gen '91 conference in Tampa, 
Florida in December by R. Sheldon of Western Energy Com-
pany, J. Kelly of Rosebud SynCoal Partnership, J. Milkovich 
of NRG Group Inc., and N. Spence of Stone and Webster 
Engineering Corporation, describes the ACCP which ad-
dresses the problem of changing from firing high-BTU East-
ern bituminous coal to low-BTU Western subbituminous 
coal. The process (Figure 1) increases the heating value of 
the coal by substantially reducing the moisture and ash while 
simultaneously reducing the sulfur content.

Demonstration Plant 

The facility was scheduled to be operational in January 1992, 
producing 300,000 tons of synthetic coal annually. The plant 
will be supplied from the nearby Rosebud Mine with raw 
coal containing 25 percent moisture and 0.7 percent sulfur by 
weight and with a heating value of 8,600 Bit per pound. 
The coal conversion process improves these characteristics to 
less than 5 percent moisture, 0.6 percent sulfur and more 
than 11,500 BTU per pound—yielding a product that will 
emit approximately 1.0 pound of SO  per million BTU upon 
combustion in a boiler. 

The plant is located inside the Rosebud Mine near its unit 
train loadout. It occupies an area of approximately 400 feet 
by 600 feet. The normal throughput of the demonstration 
plant will be 1,632 tons per day (TPD) of raw coal, providing 

FIGURE 1 

ADVANCED COAL CONVERSION PROCESS 

SOURCE: SHELDON El AL.
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The sulfur dioxide formed by incineration is removed by addi-
tion of nahcolite into the first-stage baghouse. 

Cooling 

982 lTD of coarse coat product and 130 TPD of coal fines 
(minus 20 mesh). The fines will be collected and briquetted, 
giving a combined product rate of 1,112 TPD of high-quality, 
clean coal product. 

Process Description 

The ACCP consists of three process steps: drying, cooling 
and cleaning. Coal is heated at atmospheric pressure in a 
two-stage thermal processing system where the coal is 
suspended in a vibrating, fluid-like motion. The coal is then 
cooled and sent through vibrating screens and separators to 
remove sulfur and other minerals. The three steps are 
shown in Figure 1 for the demonstration plant being built in 
Co 1st rip 

Coal from the loadout stockpile is screened to 
0.50 by 2.0 inches; the oversize and fines sent back to the 
stockpile. The sized coal is conveyed to a surge hopper 
preceding each train of dryers and coolers. The plant con-
sists of two identical dryer/cooler trains. 

Drying 

Coal from the surge hopper is fed at a rate of 1,139 pounds 
per minute through a rotary feeder to the first-stage vibrat-
ing fluidized bed dryer. The coal is contacted by flue gas at 
675°F. The flue gas entering the first-stage dryer is genera-
ted in the process furnace by combustion of natural gas or 
propane. Prior to being ducted to the first-stage dryer, the 
flue gas exchanges heat with recycled gas from the second-
stage dryer. 

The action of the first-stage dryer is to remove surface mois-
ture from the coal, dropping total moisture to about 
15 percent. The dryer has an active length of 30 feet and a 
width of 5 feet. It vibrates with about a 0.25 inch amplitude 
to move the coal through it and help fluidize the coal. The 
bed has six inlets along the side for flue gas to enter, and six 
outlets along the top. 

The coal is fed through rotolocks from the first stage into the 
second stage; both stages are physically the same size. 
Recycle gas, raised to 900°F by heat exchange with the 
process furnace flue gas, contacts the coal in the second-
stage dryer. The recycle gas is about 95 percent water vapor. 

Coal is dried to approximately 1 percent moisture in the 
second stage. Additional reactions occur which decrease the 
pore volume and surface area of the coal, thus inhibiting 
reabsorption of moisture. Carbon dioxide, carbon 
monoxide, and hydrogen sulfide, as well as light hydrocar-
bons, are driven off the coal in this stage, at a rate of about 
03 pounds dry gas per 100 pounds of coal fed to the process. 

Dry "make gas and the water dried from the coal in the 
second stage are fed to the process furnace for incineration.

As the coal exits the second-stage dryer, it falls into a vertical 
cooler where process water is sprayed on it to reduce the tem-
perature to about 350°F. The water vaporized during this 
operation is drawn back into the second-stage dryer to exit 
by means of the "make gas" stream to the furnace. 

After water quenching, the coal enters the vibratory cooler 
through a rotary airlock. In the cooler, the coal is contacted 
by 100°F inert gas and cooled to about iSO°F. The cooler 
gas that exits the vibrating cooler is then itself cooled by 
water sprays in a contact cooler prior to recycle to the cooler 
bed. 

Product Cleaning 

The converted coal product entering the cleaning system is 
separated by vibrating screens into four streams: plus 
0.50 inch, 0.25 by 0.50 inch, 6 mesh, and minus 6 mesh. 
These streams of coal are then fed in parallel to four deep-
bed stratifiers (stoners), where a rough specific gravity 
separation is made using air and vibration. 

The light or upper streams from the stoners are sent to the 
coal product conveyor; the heavy or low streams for all but 
the minus 6 mesh stream are sent to trapezoidal fluidized 
bed separators. The heavy fraction of the minus 6 mesh 
stream goes directly to the solid waste conveyor. The 
fluidized bed separators, again using air and vibration to 
produce further gravity separation, split the coal into three 
streams. The light or upper stream is the product; the two 
heavy, lower streams are combined and sent to solid waste 
handling. 

The coal product from the cleaning system is then sent to 
two 6,000-ton concrete silos for unit train loadout. The 
waste is either trucked to an off-site user or a disposal site in 
the mine. 

Product Chemistry 

Rosebud SynCoal's ACCP yields a synthetic solid fuel that 
represents an evolutionary step in the coalification process: 
sized, raw Western lignite and subbituminous coals (which 
are coals that have experienced a low-temperature environ-
ment while evolving) are, through chemical changes induced 
by the thermal environment of the ACCP, upgraded in rank 
to a fuel which has the characteristics of a coal that evolved 
in a higher temperature environment for a long period of 
time. Thus, SynCoal is a synthetic fuel with characteristics of 
a high-grade Eastern bituminous coal. 

The ACCP effects changes in the coal feedstock by changing 
the chemical composition and structure of the coal. The 
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changes result in: (1) a product that has a higher heating 
value than the coal feedstock; (2) a stable, hydrophobic 
product with a much lower equilibrium moisture content that 
is less likely to spontaneously combust due to rehydration; 
and (3) a product that is readily transportable in open rail 
cars. The chemical changes affected by the ACCP include: 

- Increased aromaticity 
- Increased fixed carbon 
- Decreased hydrogen to carbon ratios 
- Decreased oxygen to carbon ratios 
- Decreased oxygen functional groups 

The analyses of the coal feedstock and upgraded product 
from one particular pilot plant run are shown in Table 1. 

One advantage of the ACCP is that it will reduce the 
transportation costs of Powder River Basin Wyoming and 
Montana coals. The development of the process was initially 
compelled by the desire to reduce the moisture content of 
low-rank coal and thereby reduce the shipping expense. 
Presently, a 100 car unit train of coal mined from this area 
typically contains the equivalent of 25 to 30 cars of moisture. 
The ACCP reduces the moisture content of the coal, and on 
a dollar per million BTU basis, SynCoal will be transported 
at 70 to 75 percent of the cost of transporting the as-mined 
coal.

TABLE 1 

FEESTOCK AND COAL PRODUCT ANALYSES
ROSEBUD MINE 

Coal Coal 
Feedstock Product 

Proximate Analysis 
% Moisture 24.07 0.96 
% Volatile Matter 27.40 37.64 
% Fixed Carbon 37.15 51.64 
%Ash 11.38 9.76 
BTU/lb 8,421 11,832 
% Increase in ff111/lb - 40.51 

Ultimate Analysis
• Carbon 49.18 67.71 
• Hydrogen 6.57 5.20 
% Oxygen 30.99 15.78 
% Nitrogen 0.69 1.04 
% Sulfur 1.18 0.48 
% Organic Sulfur 0.50 0.40

Compatibility for Fuel Switching at Existing Utility Boilers 

Electric utility boilers most effected by the Clean Air Act 
Amendments have generally been originally designed for a 
high-sulfur Eastern or Midwestern bituminous coal. As a 
result of these fuel specific designs, changes in fuel to a West-
ern low-rank subbituminous coal can have significant impact 
on the boiler and power system efficiencies. The SynCoal 
product mitigates some of the problems typically associated 
with this fuel switch. 

Switching to SynCoal would have minimal effects on an exist-
ing unit's coal handling system, pulverizer capacity, fan 
capacity, and air heater. This is because SynCoal has similar 
heating value and lower moisture content than Eastern and 
Midwestern bituminous coals. SynCoal offers potential im-
provement in boiler efficiency, similar boiler economizer out-
let gas temperatures and flue gas flow rates. 

##1# 

SIERRA PACIFIC'S PINON PINE PROJECT LARGEST 
Ca PROJECT IN THE WEST 

Sierra Pacific Power Company is planning to build an 
80 MW integrated gasification combined cycle powerplant at 
the company's existing Tracy Station site near Reno, Nevada. 
The Pinon Pine plant, as it will be called, will burn ap-
proximately 700 tons of coal per day, making it the largest 
clean coal project in the West. 

The project was approved for funding in 1991 as part of 
Round IV of the United States Department of Energy 
(DOE) Clean Coal Technology Program. DOE has agreed 
to fund 50 percent of the $340.7 million project. Sierra 
Pacific will fund the rest. The $340.7 million price tag in-
cludes construction cost and fuel and maintenance costs for 
several years after startup. 

The fuel source for the plant has not been determined yet, 
but the plant is being designed around coal in the range of 
10,000 to 12,000 BTU per pound equal to that furnished by 
Southern Utah Fuels Company. The technology being used, 
however, would allow the plant to use coals ranging from lig-
nite to anthracite and other fuels such as natural gas or 
diesel. 

Sierra believes the technology for the plant is proven, and 
the facility will be an important provider of power for Sierra 
Pacific's customers, not just a research project. It is being 
built next to the company's Tracy plant outside Reno. Tracy 
has three oil- or gas-fired units, and Pinon Pine will be built 
adjacent to Unit 3, a 110-megawatt unit. It will tie into the 
facility's 120,000-volt distribution system. 
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Sierra Pacific was approached by Foster Wheeler USA Cor- 	 of two new, low-sulfur fuels to be produced at its Clean Coal 
poration and the M.W. Kellogg Company early in 1991 to

	
Demonstration plant. The $72 million project is currently 

persuade the utility to apply for DOE funding. Foster 	 under construction at the site of Shell Mining Company's 
Wheeler is providing design, engineering and construction

	
Triton Coal Company Buckskin Mine near Gillette, Wyom-

and Kellogg is providing the coal gasification technology and
	

ing. The refinery construction is currently ahead of schedule. 
equipment. A 20 ton per day pilot plant demonstrating the 
KRW gasifier technology has been running for 5 years.	 ENCOAL's primary objective for their mild coal gasification 

project is to further the development of a full sized commer-
The Pinon Pine plant will convert the coal to a synthetic 	 cial plant using the liquids from coal (LFC) Technology. 
natural gas, which is easy to clean of particulates and sulfur. 	 This mild gasification technology originally developed by 
That gas will power a combustion turbine, generating about

	
SGI International and enhanced by ENCOAL's parent, Shell 

50 megawatts and a heat recovery steam generator will add
	

Mining Company (SMC), provides an opportunity to 
another 30 megawatts.	 Gas will enter that system at 	 upgrade low quality coals while producing a valuable 
1,000 degrees and leave at 250 degrees. 	 hydrocarbon liquid. 

Much of the technology was developed by Kellogg Rust Wes-	 The plant will use the LFC technology to process sub-
tinghouse 15 years ago. The novel part of this demonstration

	
bituminous Powder River Basin coal and produce two en-

project will be the hot gas cleanup. Instead of being chilled
	

vironmentally superior products. The solid product, called 
before particulates are removed, it will be cleaned while at a	 process derived fuel (PDF) is a stable, high-BTU fuel similar 
temperature of more than 1,000°F. This produces none of

	
in composition and handling properties to Eastern 

the liquid-process wastes that come with cooling. 	 bituminous coals but low in sulfur. Coproduced with PDF is 
a coal derived liquid (CDL) that is similar in properties to a 

The gasifier will be air-blown, instead of using oxygen, thus
	

low sulfur Number 6 fuel oil. 
avoiding the capital and operation and maintenance costs of 
an oxygen plant. 	 A substantial amount of pilot plant testing of the LFC 

process and laboratory testing of PDF and CDL has been 
The utility's preliminary economic analysis of the process

	
done by SGI and SMC. The pilot plant tests proved that the 

shows that it offers the least-cost option for producing more	 process was viable, predictable and controllable and could 
electricity for the utility's customers in Nevada and else- 	 consistently produce PDF and CDL to desired specifications. 
where.	 Laboratory testing has shown that PDF does not exhibit 

spontaneous ignition tendencies, resorb moisture, or handle 
According to Sierra Pacific, the plant would surpass require-

	
differently from its parent Buckskin coal. Ash properties are 

ments of the Clean Air Act of 1990. More than 99 percent
	

comparable and combustion properties are excellent, even at 
of the sulfur in the already low-sulfur Western coal is 	 relatively low residual volatility levels (<20 percent). CDL is 
removed in the process.	 different from petroleum derived oils due to its aromatic na-

ture, but it should substitute directly for Number 6 fuel oil 
New source performance standards under the new Clean Air 	 according to the laboratory tests. It has a low viscosity at 
Act allow 0.6 pounds of sulfur dioxide per million BTU; 	 operating temperatures and is comparable in flash point, 
Pinon Pine would produce 0.09. 	 heat content and combustion properties. Low sulfur con-

tent, less than 1.2 pounds per million BTU, is the highlight of 
The difference is even greater with nitrogen oxides:

	
both products. This makes them desirable from an environ-

0.50 pounds is allowed, Pinon Pine would produce 	 mental standpoint for the industrial and utility boiler market. 
0.08 pounds.

The LFC technology uses a mild gasification process or mild 
The sulfur, particulates and fly ash that are removed in the 	 pyrolysis. The process involves heating coal under carefully 
process are captured by limestone, forming calcium sulfate,	 controlled conditions. Nominal 3-inch by 0-inch run-of-mine 
an inert product that can be buried in landfills. Or the waste 	 coal is conveyed from the existing Buckskin Mine to a 
product—gypsum--can be turned into wallboard. 	 storage silo. The coal from this silo is screened to remove 

oversize and undersize materials. The two inch by one-
eighth inch sized coal is fed into a rotary grate dryer where it 
is heated by a hot gas stream. The residence time and tem-
perature of the inlet gas have been selected to reduce the 
moisture content of the coal without initiating chemical 

ENCOAL AHEAD OF SCHEDULE: SIGNS FIRST SALES	 changes. The solid bulk temperature is controlled so that no 
CONTRACTS	 significant amounts of methane, carbon monoxide, or carbon 

dioxide are released from the coal. 
In December, ENCOAL Corporation, a subsidiary of Shell 
Mining Company, announced its first contracts for the sale

- 
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The solids from the dryer are then fed to the pyrolyzer where 
the temperature is further raised to about 1,000°F on 
another rotary grate by a hot recycle gas stream. The rate of 
heating of the solids and their residence time are carefully 
controlled, because these parameters affect the properties of 
both solid and liquid products. During processing in the 
pyrolyzer, all remaining free water is removed, and a chemi-
cal reaction occurs which results in the release of volatile 
gaseous material. 

Solids exiting the pyrolyzer are cooled to stop the pyrolysis 
reaction and transferred to a surge bin. Because the solids 
have no surface moisture and, therefore, are likely to be 
dusty, a dust suppressant is added as they leave the PDF 
product surge bin. 

The gas produced in the pyrolyzer is sent through a cyclone 
for removal of the particulates and then cooled to stop any 
additional pyrolysis reactions and to condense the desired li-
quids. Only the CDL is condensed in this step; the condensa-
tion of water is avoided. 

Most of the residual gas from the condensation unit is 
recycled directly to the pyrolyzer, while some is first burned 
in the pyrolyzer combustor before being blended with the 
recycled gas to provide heat for the mild gasification reac-
tion. The remaining gas is burned in the dryer combustor, 
which converts sulfur compounds to sulfur oxides (SO). 
Nitrogen oxide emissions are controlled via appropriate 
design of the combustor. The hot flue gas from the dryer 
combustor is blended with the recycled gas from the dryer to 
provide the heat and gas flow necessary for drying. 

The off-gas from the dryer is treated in a wet gas scrubber 
and a horizontal scrubber, both using a water-based sodium 
carbonate solution. 

The wet gas scrubber recovers the fine particulates that es-
cape the dryer cyclone, and the horizontal scrubber removes 
most sulfur oxides from the flue gas. The treated gas is 
vented to a stack. The spent solution is discharged into a 
pond for evaporation. 

Wisconsin Power and Light will purchase approximately 
30,000 tons of PDF for use in a test burn. TEXPAR Energy, 
Inc. of Waukesha, Wisconsin, will purchase up to 
135,000 barrels per year of CDL. The fuels are for use in 
electric utility and industrial boilers. 

The demonstration plant is expected to be delivering 
products in the second quarter of 1992. It will convert 
1,000 tons per day of subbituminous coal into low-sulfur 
solid and liquid fuels. The products can be delivered by rail-
cars loaded at the plant to markets in the Midwest, 
Southeast, Southwest, West Coast and Northwest. 

The plant is being co-funded (50 percent) under the Clean 
Coal Technology Program of the United States Department

of Energy (DOE). The cooperative agreement between 
ENCOAL and the DOE includes the construction and first 
2 years of operation of the demonstration plant. 

DAKOTA GASIFICATION OFFERING PILOT PLANT 
SERVICES 

Dakota Gasification Company (DGC) has begun marketing 
the pilot plant and research services available at the Great 
Plains Synfuels Plant near Beulah, North Dakota. 

DCC constructed extensive facilities and acquired state-of-
the-an scientific equipment to develop byproducts from coal 
liquids. Having made this investment and considering the 
knowledge of its employees, DCC has now begun offering 
these facilities and services for separation of all chemical 
compounds, not just those that are coal-derived. 

The synfuels plant has one of the best pilot plant facilities in 
the country for separating chemicals by distillation and sol-
vent extraction, according to company officials. The pilot 
facilities that support process operations and byproduct 
development are no longer used on a full-time basis. 

Among the facilities being offered for use are distillation 
columns ranging in diameter from 2 to 6 inches with heights 
up to 75 feet designed for vacuum and atmospheric opera-
tions as well as continuous solvent-extraction facilities. 

Wet Scrubber Still Front Runner 

After months of evaluating and testing other options, the 
choice as the best technology for controlling sulfur emissions 
at the Great Plains Synfuels Plant continues to be a wet flue 
gas scrubber. 

The final decision on that selection, known as the Best Avail-
able Control Technology or BAd', rests with the North 
Dakota Department of Health. 

The use of a wet scrubber was proposed in the DGC applica-
tion as BACT for reducing sulfur dioxide emissions at the 
synfuels plant. It is expected to cost about $100 million, part 
of which may be financed through additional trust funds ap-
proved late last year by Congress but still subject to United 
States Department of Energy (DOE) approval. 

In the past few months, DCC has reviewed two other op-
tions besides a wet scrubber: a fluidized-bed dry scrubber 
and the Selexol process. These other emission-control tech-
nologies turned out to be either too expensive to build or 
operate, offering no clear advantage over a wet scrubber.

- 
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A pilot dry-scrubber plant operated since December 1990 
with Environmental Elements Inc. has proven to be less cost-
effective than expected. Testing with synfuels plant boiler 
flue gases has shown that the amount of lime needed is much 
higher than anticipated. 

Selexol, the other technology that was reviewed, involves 
using a glycol solvent to remove sulfur through absorption. 
In this process, the sulfur is removed before combustion as 
hydrogen sulfide. However, the capital cost was projected at 
about $150 million, more than double what had been es-
timated earlier. 

The State Health Department will hold a public hearing 
later this year before taking action on issuing an amended 
permit. The department last year ruled DGC's application 
complete and now is in the final stages of review. 

DGC is negotiating with DOE on terms and conditions of 
obtaining and repaying loan funds that Congress authorized. 
In its action, Congress allowed DOE to make available an 
additional $50 million in matching loan funds for DGC to 
use because the environmental project is much more expen-
sive than represented by DOE when the plant was pur-
chased in 1938. The additional funds come from a contin-
gency reserve using monies accumulated from plant opera-
tions before the sale. 

Although SO  emissions exceed original plant permit require-
ments, ambient air quality meets both state and federal stan-
dards. The proposal also includes the addition of coal-lock 
vent scrubbers, which will reduce coal fines and sulfur emis-
sions. 

Synthetic Gas Production Down In November 

As expected, production of synthetic natural gas at the Great 
Plains Synfuels Plant was down in November. Production 
averaged about 104 million standard cubic feet per day. The 
low figure is a result of the contamination of the methana-
tion catalyst at the plant that occurred in early November. 
As a result, one production train was shut down to change 
the nickel-based catalyst. 

Combined with that cost from lost production, a corrected 
selling price for natural gas sold in October resulted in a loss 
of near $3 million for November. 

Previous to November, daily and monthly production records 
were set throughout 1991. These combined to bring the 
daily average to 148 million standard cubic feet of synthetic 
natural gas. This exceeds the construction design rate of 
137.5 million standard cubic feet per day. 

nfl

THERMOCHEM MAY COMBINE FORCES WITH 
K-FUELS 

ThermoChem, Inc. was one of the winners under Round IV 
of the Clean Coal Technology Program. ThermoChem 
proposed a demonstration of Manufacturing and Technology 
Conversion International's (M'FCI) pulse combustor in an 
application for steam gasification of coal. This gasification 
process would produce a medium-BTU fuel gas from sub. 
bituminous coal at Weyerhaeuser Paper Company's Con-
tainerboard Division mill in Springfield, Oregon. The fuel 
gas and byproduct steam produced by this demonstration 
unit was to be used in the mill to offset use of existing hog. 
fuel boilers. The eventual replacement of all existing five 
hog-fuel boilers was contemplated. 

This demonstration will be of an industrial size gasifier. The 
heat required for the gasification will be supplied by the com-
bustion of cleaned gasification products (fuel gas) in 
numerous pulsed combustion tubes. The products of pulsed 
combustion are separated from the gasification products. 
Because no dilution of the byproducts of combustion or of 
gasified fuel gas occurs, a medium-BTU fuel (500 BTU per 
standard cubic foot) gas will be produced. The turbulent na-
ture of the pulsed combustor contributes to a high combus-
tion heat release density and high heat transfer rates to the 
gasifier bed. The fluidized bed coal gasifier also offers high 
turbulence and heat transfer rates. The high heat transfer 
rates on both sides of the pulsed combustion tubes reduce 
heat transfer areas required and result in a compact design. 

The objective of the ThermoChem project was the 
demonstration of a 429 ton per day (as-received) coal 
gasification unit. It would supply a product fuel gas with a 
heating value of 161.2 million BTU per hour for boiler fuel. 
Project cost was estimated at $37 million. 

The project was originally designed to use coal fines from 
Wyoming, but the cost of transporting this material to 
Oregon turned out to be larger than expected. Ther-
moChem is now proposing to join K-Fuels Partnership in 
demonstrating their technology at a Wyoming site. 

K-Fuel is a pelletized fuel made from low-sulfur sub-
bituminous coal using heat and pressure. With the merger, 
ThermoChem could obtain coal fines on-site and construct 
their gasification plant near the K-Fuels plant. 

Heartland Fuels Corporation, as associate corporation of 
Wisconsin Power and Light Company and an 80 percent 
partner in K-Fuels, agreed to provide $44 million to the 
project if the United States Department of Energy (DOE) 
approves the ThermoChem/K-Fuels merger. If all the 
needed funding is obtained, construction of a combination 
K-Fuels product plant and a coal gasification plant near Gil-
lette would commence. The Fort Union coal mine would fur-
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nish the raw coal for the plant. Total cost of the merged 
Project would be $80 million.

gasifier's ability to recover chemicals from spent liquor is one 
of its primary attractions. 

K-Fuel contains 60 percent more heat capacity and half the 
sulfur of the raw coal. Plans are to market K-Fuel to utilities 
and industries in North America, and later in Eastern 
Europe. 

The gasification technology and recovery process developed 
by MTCI and now being commercially offered by Ther-
moChem has a wide range of applications. In the indirect 
gasification process, the feedstock receives heat from pulse 
combustor resonance tubes immersed in a fluidized bed. 
The indirectly heated steam reforming and gasification 
process is completely endothermic which destroys dioxins 
while eliminating NO and SO formation found in incinera-
tion and partial oxidañon gasilfcation processes. 

Under a demonstration program for the DOE co-sponsored 
by the Weyerhaeuser Paper Company, a full scale 72 wet ton 
per day spent liquor gasifier is now being built for demonstra-
tion at a Weyerhaeuser paper mill in North Carolina. The

A 36 wet ton per day sludge steam gasification unit was 
delivered for demonstration at a California recycle paper 
mill, partially funded by the California Energy Commission. 

These full scale plants can process numerous other 
feedstocks, many of which have already been completely 
demonstrated at the process development unit scale. These 
include: municipal sludge and refuse, subbituminous coal, 
lignite, pistachio shells, rice hulls, urban wood waste, wood 
chips, orchard prunings, and bagasse. 

ThermoChem is also engaged in a Cooperative Agreement 
with the DOE to field demonstrate a pulsed atmospheric 
fluidized bed combustor for the recovery of the energy value 
from coal refuse streams for use in clean coal drying, or for 
efficient steam generation. Participating with ThermoChem 
in this project are a midwestern coal producing company and 
a district heating company.

##fl 
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CORPORATIONS 

COUNCIL ON ALTERNATIVE FUELS PROMOTES 
GASIFICATION COMBINED CYCLE 

The Coal Gasification Committee of the Council on Alter-
nate Fuels (CAP) has published a brief white paper on "Coal 
Gasification Combined Cycle (CGCC) Power Generation." 
The CAF says that, compared to a conventional coal-fired 
powerplant equipped with scrubbers, a CGCC powerplant 
will:

Reduce emissions associated with creation of acid 
rain to levels far below federal clean air standards, 
exceeding the performance of conventional coal 
combustion and cleanup technologies. 

- Reduce CO  emissions by 15 to 20 percent, with 
the likelihood of further reductions with improve-
ments in the technology. 

Eliminate creation of solid waste normally as-
sociated with scrubber technology. This eliminates 
a major environmental impact associated with coal 
combustion and avoids significant waste disposal 
costs. 

Accept a wide variety of coal types and can be 
employed in new powerplant construction as well 
as in repowering of older plants. Also, the composi-
tion of the fuel gas makes it straightforward to 
coproduce liquid fuels. 

CGCC integrates two commercially proven technologies: 
the manufacture of a clean-burning fuel gas from coal and 
the highly efficient use of that gas to produce electricity in a 
combined cycle power generation system (Figure 1). 

In the gasification process, coal reacts with oxygen and steam 
at high temperature and pressure to produce a fuel gas. 
High efficiency gas turbines, now in use in the utility in-
dustry, burn the clean fuel gas to produce electricity. Ex-
haust heat is recovered to power traditional high efficiency 
steam turbines that generate additional electricity. 

The federal Clean Air Act sets strict limitations on sulfur 
dioxide (SO 2) and nitrogen oxide (NC)) emissions from 
coal-based powerplants. 

With CGCC, sulfur removal efficiencies of 99 percent are 
readily achievable. Emissions of SO  and NO from a 
CGCC plant are a small fraction of federal standar& 

A CGCC plant emits only one-fifth of the SO and one-sixth 
of the NO of a pulverized coal powerplant equipped with 
conventional wet scrubbers and low-NO burners. 

K

FIGURE 1 

COAL GASIFICATION COMBINED 

COAL POWER GENERATION 
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SOURCE: COUNCIL ON ALTERNATE FUELS 

A typical CGCC plant will produce 15 to 20 percent less CO2 
than a comparably sized coal-fired plant with scrubbers. 

Developmental work under way to combine coal gasification 
and fuel cell technologies has the goal of further increasing 
efficiency to reduce CO2 emissions to a level 40 percent 
below that of a conventional coal-fired plant. Powerplants 
under construction and being planned in the United States, 
Canada, and Europe will incorporate this CGCC technology. 

ACTIVE GASIFICATION PROJECTS LISTED 

Worldwide interest in coal gasification continues to grow 
with 38 new projects proposed or currently under construc-
tion. If all 38 of the coal gasification projects listed in 
Table 1 are constructed as planned, more than 
14,000 megawatts of new generating capacity would result. 
Most of the proposed projects are for power generation, but 
some are for chemical production, as indicated in the table. 

These 38 new gasification projects would join the 10 coal 
gasification projects that are currently in operation 
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TABLE 1 

GASIFICATION PROJECTS
(Proposed or Under Construction)

Location Size Gasifier Startu Type Comments 

Canada 
Unknown 243 MW Shell <2000 New Four sites under consideration 

Fuel: Lignite or subituminous 
coal 

Grand Lake 250 MW New Study underway 
China 

Lunan 400 TPD Texaco 1992 New Under construction for NH3 
Shougang Beijing 1,000 TPD Texaco 1992 New Under construction for fuel gas 

production for steel plant 
Denmark 

Stignaes 100 MW ? 1996 New Proposed 
Finland 

Unknown 50 MW IGT U-GAS 1993 New Tainpdlla seeking partner for 
150 MW CHP 

Unknown 200 MW 7 <2000 New Under study. Fuel: Peat 
Germany 

Berlin 180 MW Lurgi 1994 New Under consideration 
Duisberg 170 MW PRENFLO New Proposed 
Eriangen 750 MW 7 1997 New Phased construction 
Freiburg 175 MW GS? 7 New Proposed 
Gersteinwerk 200 MW Lurgi > 1993 Retrofit Partial gasification with 

combustion 
of char in CFB 

Goldenberg-Werk 320 MW HTW 1995 New Fuel: Lignite 
Lubeck 350MW PRENFLO <2000 New Needs EC funding 
Mansfield 100 MW HTW 7 New Feasibility study 
Unknown 50 MW MGB ? 7 Proposed 

India 
Unknown 30 MW 7 7 New Proposed 

Ireland 
Unknown 7 HTW 7 New Feasibility study. Fuel: Peat 

Italy
Guigliano 90 MW 7 1994 Repower Fuel: Ori,nulsion 
Sardinia 340 MW 7 New Proposed 

Japan 
Iwaki City 200 TPD NEDO 1991 New Under construction 
Unknown 1,000 MW 7 7 New Proposed 

The Netherlands 
Buggenum 7 250 MW Shell 1993 New Under construction 
Borssele 600 MW 7 1999 New Proposed 

Spain 
Lada 2 250 MW 7 <2000 Repower Under study 
Puertollano 320MW 7 >2000 New Fuel: 50/50 mixture of coal and 

petroleum coke selected for 
EC funding 

Sweden 
Barseback 3 20MW 7 ? New Under study 
Barseback 5 600 MW 7 7 New Under study 
Nynasham 2 x 365 MW Texaco 1994 New Proposed. Fuel: Orimulsion
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TABLE 1 (Continued) 

Size 

300 MW 
1,030 MW 

Location 

United Kingdom 
Unknown 
Pembroke, Wales 

United States 
California 

Cool Water 
Delaware 

Delaware City 
Florida 

Martin 
Polk County 

Illinois 
Springfield 

Indiana 
Terre Haute 

Maryland 
Dickerson 

Massachusetts 
Freetown 

New Jersey 
Gilbert Station 

Nevada 
Western 

Tennessee 
Unknown 

Virginia 
Coeburn 

Wisconsin 
Unknown 

West Virginia 
New Martinsville 

Puerto Rico 
Penuelas

Gasifier	 Startup 

BGL	 <2000 
Texaco

iw	 Comments 

7	 Design study in progress 
New	 Feasibility study underway 

Restart	 Fuel: Coal and sewage sludge 

Repower Fuel: Petroleum coke 

100 MW Texaco 1992 

263 MW Texaco 1995 

800 MW >1995 
220 MW Lurgi 1996 

65 MW CE >2000 

265 MW Destec 1995 

2x 375 MW Texaco 1992 

440 MW Texaco 1999 

250 MW Texaco 

80 MW KRW 

250 MW Shell or Texaco ? 

107 MW IGT 

300 MW 7 ? 

230 MW Destec 1995 

250 MW Texaco 7

New Phased construction 
New Project moved from Tallahassee 

Repower CC'!' II funding 

Repower CCI' IV funding 

New Phased construction 

New Permitting under way 

Repower Fuel: Coal and sewage sludge 

New CC'!' IV funding 

New Coproduction of electricity and 
fertilizer 

New CC!' IV funding 

New Phased construction; proposed 

New Cogeneration 

New Fuel: Orimulsion

throughout the world. The world's 10 operational coal 
gasification plants, of which 5 are located in the United 
States, are listed in Table 2 (next page). 

The information in Tables 1 and 2 was provided by The Mdl-
vaine Company of Northbrook, Illinois in its Advanced Fuels 
Technologies Newsletter.

ENGINEERING JOINT VENTURE TO MARKET HIGH 
TEMPERATURE WINKLER PROCESS IN NORTH 
AMERICA 

United Engineers and Constructors Inc. (UE&C), a 
Raytheon Company, and Uhde GmbH, a member of the 
Hoechst Group, announced in February that they have 
formed an exclusive venture to design and construct process 
facilities utilizing Uhde, High Temperature Winkler (HTW) 
coal gasification technology in the United States, Puerto 
Rico, and Canada. 
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TABLE 2 

GASIFICATION PLANTS
(Operational) 

Size	 Gasifier Startup Comments 

HTW 1988-1991 NH  production; Shutdown for economic 
reasons. Fuel: Peat 

800 TPD	 Texaco 1986 Oxo-chemicals production 

1,650 TPD	 Texaco 1984 Ammonia production 
Fuel: Petroleum coke; coal 

Location 

Finland 
(Kemira Oy) 

Gennany 
Oberhausen-Hoften 

Japan 
Ube City 

South Africa 
Sasol 1, II and III 

United Kingdom
Westfield 

United States 
California 
Cool Water 

Louisiana 
Plaquemine 

North Dakota 
Beulah 

Tennessee 
Kingsport 

Texas 
Deer Park

Unpublished	 Lurgi (89) 

550 TPD	 BGL 
200 TPD	 BGL 
(High Pressure) 

200 TPD	 Shell

1985 

	

1990, 1992	 Transportation fuels and chemicals 

	

1984-1991	 Fuel gas 
1991 

1984-1989 Successful 5-year demo 

1987 Phased construction 

1984 SNG production 

1983 Produces acetic anhydride and methanol. 
Plant throughput being increased by 30% 

1987-1991 4-year demo successfully completed 

120MW Texaco 

161 MW Destec 

142,000 SCF/D Lurgi 

900 TPD Texaco

Uhde will provide basic process design, supply of proprietary 
equipment and supervisory services from Germany or from 
one of its other full-service offices worldwide. UE&C and its 
construction affiliates will provide detailed design, procure-
ment, and construction from their network of full-service of-
fices throughout the United States. 

"The synergy of this relationship with Uhde," said 
C.Q. Miller, UE&C president, 'will provide considerable 
added value to our North American chemical and environ-
mental clients. Uhde's worldwide reputation for innovation 
and quality will be teamed with our project expertise for a 
total technology approach."

Uhde, headquartered in the German city of Dortmund, 
develops and installs processes for the production of plastics, 
organic chemicals and monomers, electrochemicals, fer-
tilizers, synthetic-gas-based technologies for the production 
of ammonia, methanol and hydrogen, and technologies for 
coal-based gasification. Its environmental technologies in-
clude wastewater treatment, combined sulfur dioxide and 
nitrogen oxide removal, and sludge incineration. 
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GOVERNMENT 

GAO REPORT CRITICIZES CLEAN COAL PROGRAM 

The United States General Accounting Office (GAO) has 
released a report criticizing the Department of Energy's 
(DOE) Clean Coal Technology Program (CCI'). The report, 
"Improvements Needed in DOE's Clean Coal Technology 
Program," is critical of many aspects of the program's opera-
tion and procedures. Among the aspects in question are the 
efficiency and effectiveness of the project selection, the 
ability to recoup federal funds for successful commercial 
CCI' projects, and the assessment of the sponsors' final 
project reports. 

The Efficiency and Effectiveness of the Project Selection 

The CCT Program, intended to provide advanced, more effi-
cient, and environmentally acceptable coal utilization tech-
nologies, was granted $2.75 billion by Congress in 1986. Par-
ticipating sponsors received a combined $400 million for 
Round I of the program, $575 million each for Rounds II 
and III, and $600 million for Round IV; an advance ap-
propriation of $600 million has been made for Round V. 
The GAO report is skeptical of the CC!' sponsor selection 
process, and feels that the DOE may not be making the most 
effective use of the limited CC'!' project resources. 

The CCI' Program Project Emphasis and Solicitation 

The Round-I solicitation was directed at demonstrating a 
broad slate of technologies to enhance the use of coal for all 
market applications. It was open to technologies that were 
expected to burn coal more cleanly, efficiently, or economi-
cally than conventional technologies and to technologies that 
were intended to replace oil and natural gas. DOE issued its 
first solicitation in February 1986 and received 51 proposals. 
Of the nine projects that were initially selected, four were 
still in the program as of September 1991, four had been 
withdrawn by the sponsors, and one had been terminated by 
DOE. Several other proposals were designated as potential 
replacement projects if needed. Of the eight replacement 
projects ultimately selected for funding, four were still in the 
program and four had been withdrawn. 

The program's focus changed for the Round-Il solicitation. 
The objective of Round It was to demonstrate innovative 
clean coal technologies capable of achieving significant reduc-
tions of SO and NO  emissions at existing coal-burning 
facilities anA more cost-effective than conventional tech-
nologies in reducing emissions. DOE issued the Round-II 
solicitation in February 1988 and received 55 proposals. Of 
the 16 projects selected in September 1988, 12 were still in 
the program and 4 had been withdrawn.

DOE conducted its third solicitation in May 1989 and 
selected 13 projects in December 1989 from the 48 proposals 
submitted. Round III was open to technologies that are 
capable of achieving significant SO  or NO reductions at ex-
isting facilities and that could provide (or future energy 
needs in an environmentally acceptable manner. The objec-
tives of the fourth round are generally similar to the third-
round objectives. 

Projects Have Not Progressed as Expected 

Many projects have not progressed in accordance with the 
original milestones and cost estimates set forth in the 
cooperative agreements between DOE and the projects' 
sponsors. Almost half (15) of the ongoing funded projects 
had exceeded their expected costs, fallen behind their 
scheduled milestones, and/or scaled back the scope of their 
demonstration activities. Projects experiencing such 
problems are shown in Table 1. 

In selecting projects, DOE gives greater weight to those 
projects that will demonstrate technologies most ready for 
commercial use. However, nothing prevents a sponsor who 
intends to develop and demonstrate a technology without 
federal funding from submitting a project proposal for con-
sideration. It is up to DOE to make sure federal funds are 
spent where they will have the greatest impact. While the 
evidence is not conclusive, GAO suggests that some of the 
technologies DOE selected may have been commercialized 
without federal funding. These selections raise questions 
about whether federal funds are being spent where needed 
most. 

In selecting projects, DOE also attempts to obtain a diversity 
in terms of a mix of technologies to be demonstrated as well 
as the types of potential users. According to GAO, this was 
at least a factor in DOE's selection of some projects whose 
technologies may have been commercialized without federal 
assistance. It was also a factor, if not a major reason, why 
several projects were selected to demonstrate technologies 
that may not be widely used, or were picked even though 
DOE recognized that the projects had serious economic 
viability weaknesses. Three projects with recognized 
economic viability weaknesses were ultimately withdrawn 
from the program or were terminated at a total cost to DOE 
of about $8.7 million. Such selections again raise questions 
in GAO's thinking about whether DOE is achieving the most 
effective use of limited federal funds. 

Accepting that demonstration of a diversity of technologies 
is an important program objective; GAO says, it should not 
override sound selection decisions. They therefore conclude 
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TABLE 1

PROJECTS WITH COST INCREASES, DELAYS, OR REDUCTIONS IN SCOPE, AS OF SEPTEMBER 1991 

Completion 
Cost Increase Extended Scope 

Project Sponsor (Million) (Months) Reduced 

Pressurized Fluidized-Bed Combustion The Ohio Power Co. $26.0 21 No 
System (Tidd Plant) 

Limestone Injection Multistage Burner The Babcock & Wilcox Co. 21 Yes 

Advanced Cyclone Combustor Coal Tech Corp. 0.2 29 Yes 

Coal Quality Expert Computer Model ABB Combustion Engrg., Inc. 3 No 

Circulating Fluidized-Bed Combustor Colorado-Ute Electric Assoc., Inc. 15 Yes 

Gas Reburning/Sorbent Injection Energy and Environmental 
Research Corp. 20 Yes 

WSA-SNOX Flue Gas Cleaning ABB Combustion Engrg., Inc. 3 No 

Low-NO Cell-Burner Retrofit The Babcock & Wilcox Co. 0.2 6 No I 

Pressurized Fluidized-Bed Combustion The Ohio Power Co. and 
System (Sporn Plant) The Appalachian Power Co. 6 No 

Gas Suspension Absorption System for Airpol, Inc. 12 No 
Flue Gas Desulfurization 

SNRB Flue Gas Cleanup The Babcock & Wilcox Co. 0.8 No 

Coal Reburning for Cyclone Boiler The Babcock & Wilcox Co. 
NO Control 2.0 No x 

Blast Furnace Granulated-Coal Bethlehem Steel Corp. 
Injection System No 

Cement Kiln Flue Gas Recovery Passamaquoddy Tribe 
Scrubber 2.4 No 

LIFAC Sorbent Injection Desulfurization LIFAC-North America 4 No

that subsequent rounds of the CC'!' Program should focus on 
the most promising technologies. This approach would help 
ensure the most effective use of federal funds. 

To obtain maximum benefits from CC'!' Program funds, 
GAO recommends the following actions for DOE to imple-
ment in evaluating and selecting additional projects:

Include in selection decisions an assessment of 
whether the technology is likely to be commercial-
ized without federal assistance and avoid selecting 
those that could advance without federal funding. 

Determine that the potential market for the 
proposed technology is large enough to warrant a 
demonstration with federal funds. 
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- Make projects ineligible for selection if their financ-
ing or economic viability is in doubt. 

The Ability to Recoup Funds for Successful CCI Project

panded to address the limitations of current technology to 
meet acid rain reduction for air quality requirements. The 
program's objectives now include finding technological solu-
tions to toxic air emissions and the effects on global climate 
change. 

Although DOE's policy is to recover its investment in clean 
coal demonstration projects if the technology is commercial-
ized, GAO notes that DOE has reduced its chances of 
recovering its investment by changing the basis used for 
determining the amount of repayment required from the sale 
or use of the technology and shortening the repayment 
period. These changes resulted from industry's continuing 
dissatisfaction with the recoupment concept. DOE, 
however, has not analyzed the impact of such dissatisfaction 
on program participation or the effect of the revised recoup-
ment policy on the likelihood of recovering the federal invest-
ment. The results of such analyses could be useful in deter-
mining the potential costs of the recoupment policy's weaker 
provisions and whether such costs are necessary to achieve 
adequate participation in the program. Because the cci' 
Program provides a commercial showcase for technology 
developers, DOE should reconsider whether the repayment 
provisions need to be strengthened so as to provide 
reasonable assurance that DOE will recover its investment in 
successful projects. 

The GAO recommends the DOE analyze the effect that 
recoupment provisions have had on industry participation in 
the CcT Program and the likelihood of recovering the 
federal investment. On the basis of this analysis, DOE 
should reevaluate its recoupment policy to determine 
whether it should be strengthened to provide greater as-
surance that the federal investment in successfully 
demonstrated technologies will be recovered. 

The Assessment of the Sponsors' Final Project Reports 

Finally, GAO says that DOE needs to continue its effort to 
establish appropriate uniform procedures for independently 
assessing and reporting on the adequacy of sponsors' final 
project reports, so that potential users can depend on the 
reported results. 

DOE REBUTS GAO CRITICISM OF CLEAN COAL TECH-
NOLOGY PROGRAM 

In February, the United States Department of Energy 
(DOE) issued a report in response to a General Accounting 
Office (GAO) critique of the clean coal Technology 
Program (cci') (see separate article in this issue). 

Congress enacted the clean coal Technology Program in 
1986 to expand uses for domestic coal while enhancing its 
environmental acceptability. Within a year, the program ex-

According to the DOE, the cci' is a unique partnership be-
tween government and industry. Private industry, often 
joined by Mate governments, proposes commercial-scale 
demonstration ventures and, if selected, is responsible for 
directing the design, construction and operation of the 
projects. The private sector is required to contribute at 
least 50 percent or more of a project's costs. During the first 
four of five rounds of competition private investment com-
mitment exceeds 60 percent of the total estimated cost of the 
projects. 

The DOE argues that the cci' Program supports tech-
nologies that are often the products of 10 to 15 years of in-
dustry sponsored laboratory and small-scale engineering 
development. By design, the cci' Program is intended to 
reduce the risks of the large investments required to 
demonstrate, mechanically and economically, first-of-a-kind 
ventures. 

Yet, risks remain. Given the development nature of the 
program and its purposes, the DOE states it is not likely that 
all cci' demonstration projects will succeed. However, the 
great majority are providing important information that will 
directly aid utilities in determining the most cost-effective 
way to comply with new clean Air Act requirements. 

Currently, 42 projects in 20 states are active in the cci' 
Program. These projects represent a joint government-
industry investment of $4.6 billion. Despite the 
13 terminations noted in the GAO report, DOE feels that 
these projects represent a full spectrum of technology op-
tions available through Round IV for industry to consider in 
developing compliance strategies for their diverse needs. By 
the end of next year, 20 cci' projects will be in operation or 
will have completed their test runs. 

The DOE finds the GAO's 'Improvements Needed in 
DOE's clean Coal Technology Program' misleading, and in 
its response DOE portrays the larger picture of the 
program's successes in what it feels is a more factual and ac-
curate context. 

The following GAO comments and abbreviated DOE 
responses are taken from the DOE Response report; 

GAO Comment: Almost half (15) of the ongoing projects 
have experienced cost increase, delays and/or reductions in 
scope and others are expected to have such problems. 

DOE Response: It is important to note that DOE's share of 
the cost growth is only 8.5 percent of the additional costs. 
Industrial participants have funded 91.5 percent of the cost

- 
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increases. DOE's share of additional costs represents only 
about 1 percent of the value of the projects (i.e., 
$219,709,574) that have experienced cost growth and only 
0.15 percent of the total DOE funds committed to date (i.e., 
$1,788,137,000) in the Clean Coal Program. Cost growth and 
schedule changes have largely resulted from the full range of 
occurrences normally encountered in first-of-a-kind 
demonstrations. These include having to resolve equipment 
problems, adjusting to the logistics of integrating civil, 
mechanical and electrical contracts as well as accommodat-
ing plant outage schedules; conducting additional work 
judged necessary to achieve commercialization objectives; 
and dealing with institutional problems beyond the 
participant's control (e.g., permitting National Environmen-
tal Policy Act, and Environmental Protection Agency's 
WEPCO decision). 

GAO Comment: After about 6 years, only one project has 
submitted a final report. 

DOE Response: This is true but should not be surprising. 
The average duration of these types of projects to date in the 
CC'F Program is 6.5 years from selection to completion of 
operations and submission of final report. 

GAO Comment: In addition to the ongoing projects that ex-
perienced problems, 13 projects have been withdrawn from 
the program. 

DOE Response: Nine of the 13 terminations were Round I 
projects. Round I was the first time this approach to joint 
industry-government funding and project management was 
attempted on such a scale. The competition was also con-
ducted under significant time pressure to meet mandated 
schedules imposed by Congress. Of the 13 terminations, 
only 5 occurred after award. No DOE funds were spent on 
the other eight. The number of terminations of the sort ex-
perienced in Round I declined in Round II and none have 
occurred in subsequent rounds of competition. 

GAO Comment: Some projects were withdrawn from the 
CC'!' Program after DOE had invested money. 

DOE Response: 

DOE has, in fact, expended $21.1 million on five projects 
that eventually were terminated. This amount represents 
only about 1 percent of the total DOE funds committed to 
date. The private participants in these projects expended as 
much or more than DOE. 

A key element of each termination, however, was that all ap-
propriate deliverables—designs, economic analyses, environ-
mental studies, etc—would be turned over to the government 
so that the industry, as a whole, would benefit from the les-
sons learned.

GAO Comment: Some projects might have been commer-
cialized without federal aid. 

DOE Response: Obviously, this conclusion is impossible to 
either substantiate or refute. What is more factual is that 
the CC!' Program, by both Administration and Congres-
sional intent, was established to accelerate the development 
and commercialization of a broader menu of environmental 
control options for coal. In many cases, it is not a question 
of whether a technology will be readied for commercial use, 
but when. DOE assigns significant weight during its evalua-
tion of candidate projects to the amount of "new" informa-
tion to be produced during the project. Projects where 
federally cosponsored demonstration is critical to commer-
cialization are favored in the evaluation process. 

GAO Comment: Some projects show little promise for 
widespread use. 

DOE Response: GAO points to several technologies that it 
contends will have limited potential markets, such as retrofits 
for moderate SO  control, selective catalytic reduction for 
NO control, and steel industry projects. In all three cases, a 
factual examination of both the technologies and the market 
requirements produces opposite conclusions. 

GAO Comment: The economic viability of some projects 
was questionable when they were selected. 

DOE Response: To illustrate its conclusion, GAO 
references several specific projects and cites as an indication 
of questionable economic viability the inability of the in-
dustrial participants to secure financing. The two projects 
that proceeded to award were from the CC'!' Program's 
Round! competition. The Round II project was terminated 
prior to award and was the only Round II project to fail be-
cause of financing. 

The financial strength and economic viability of the projects 
proposed since CCI' Round I have improved significantly 
through applications of lessons learned from each subse-
quent solicitation to the next. 

DOE selected a number of projects with an associated high 
risk of completion because of the high potential payoff of the 
technology if successfully developed. Before selecting these 
projects, it was understood that if the sponsor were not suc-
cessful in acquiring the needed financing, then little or no 
federal funds would be expended. 

GAO Comment: Changes to DOE's recoupment policy may 
decrease the prospects for recovering the federal investment. 

DOE Response: The CC!' Program's recoupment provisions 
have attempted to balance the government's position that tax-
payers should be repaid when theft investment leads to com-
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mercial successes with the obvious desire of industry to maxi-
mize future returns on its investment. The Doe believes 
that changes in its recoupment formulae still provide a 
reasonable expectation that a substantial portion of the 
federal investment will be returned. Current law expressly 
requires that repayment provisions used in Round III be 
repeated in subsequent Rounds IV and V. 

GAO Comment: DOE needs to ensure that a sponsor's rmal 
reports accurately portray demonstration results. 

DOE Response: DOE agrees with this conclusion and is im-
plementing a new concept termed a "post-project assessment 
report" that will ensure that final reports meet this require-
ment. 

CCI' Project Benefits 

The DOE prepared this analysis to clarify the CCI' Program 
in response to the GAO report. 

Rather than falling short of its objectives, the DOE cites the 
following successful CCI' projects to demonstrate the 
program's success: 

The Passamaquoddy Indian Tribe in Maine has 
been able to demonstrate an advanced technique 
that solves two pollution problems—sulfur emis-
sions reduction and solid waste disposal—while, at 
the same time paying for itself. 

The Coolside duct injection process has fully met 
its objective of 70 percent in-duct 502 removal and 
stands ready for commercial application to meet 
acid rain controls. 

The 70 megawatt-electrical Tidd plant, the nation's 
first operating pressurized fluidized bed unit, has 
successfully moved through design and construc-
tion and is now operating. 

Colorado Ute Circulating Fluidized Bed project 
has provided design and operating information and 
experience that was directly used to build a larger 
commercial facility in California. 

LER's gas reburning project at Hennepin, Illinois 
is operating and exceeding its expected 60 percent 
reduction in NOI

Southern Company's two low NO combustion 
projects (wall-fired and tangentially-fired) are 
providing data at a critical time that will be ap-
plicable to over 80 percent of pre-New Source Per-
formance Standard United States boiler types that 
face near term deadlines for NO reduction and to 
the Environmental Protection Agency in setting 
new NO standards required under the Clean Air 
Act of iM 
Two Western grassroots facilities—Rosebud Syn-
coal and ENCOAL—have been designed and built 
well ahead of schedule and within cost. In each 
case, the industrial participant has aggressively 
moved forward to complete the demonstrations in 
time to meet new marketing opportunities for West-
ern coal. 

- The SNOX process, promising S0 1/N01 control 
technology, has been retrofitted to a powerplant 
and stands ready to operate on schedule. 

The Pure Air project—which involves the largest 
single scrubbing module in the United States—is 
moving through construction and is expected to be 
operational later this year. It is also introducing an 
innovative "own-and-operate" approach to pollu-
tion control in the United States. 

- The CT-121 scrubber featuring a unique absorber 
design Oct bubbling reactor) is over hallway 
through construction. Already demonstrated is a 
unique manufacturing "spinning" process that was 
used to fabricate the 42-foot diameter fiberglass 
reactor at the plant site in less than 30 days. 

DOE states that the overall benefits gained by the CCT 
Program include: utilities and industrial coal users are being 
provided a wider range of options for complying with the 
1990 Clean Air Amendments; the nation's power industry is 
gaining advanced coal-based generation technologies that 
will be able to meet energy and environmental demands well 
into the 21st centuiy, and, United States equipment vendors 
are gaining the tools to meet new marketing opportunities 
both in the United States and overseas. 
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ECONOMICS 

HIGHLY INTEGRATED IGCC CONCEPT HAS 
ECONOMIC ADVANTAGES FOR PRENFLO GASIFIER 

A study sponsored by the Electric Power Research Institute 
(EPRI) has looked at the economic advantages of a highly 
integrated coal gasification combined cycle based on the 
FRENFLO gasifier. As discussed in a paper presented at 
the EPRI's 10th Annual Conference on Coal Gasification 
Power Plants, the study involved a team consisting of: 

- Sargent & bandy acted as prime contractor 

- cncr Gesellschaft fur Kohie-Technologie mbH es-
timated the coal handling and PRBNFLO gasifica-
tion systems 

- Siemens Power Generation Group, KWU, es-
timated the power block, combustion turbines and 
steam turbines 

- Linde AG and Lotepro Corporation estimated the 
air separation unit 

The study compared two gasification combined cycle plant 
configurations: 

Basic Concept. A conventionally designed air 
separation unit with a stand-alone air supply system 
and product delivery (95 percent pure oxygen and 
99 percent pure nitrogen) near atmospheric pres- 
sure. Control of NO is achieved by adding mois- 
lure to the fuel gas. 

Highly Integrated Concept. Incorporates an uncon-
ventional air separation unit with the air separation 
column operating at an elevated pressure produc-
ing 85 percent pure oxygen and 97 percent pure 
nitrogen at 72 to 87 psia; recycles waste nitrogen 
back to the combustion turbine for NO control by 
fuel gas dilution; and extracts all of the air required 
for air separation from the compressors of the com-
bustion turbines, thereby preventing the compres-
sors from surging when firing the low-BTU, 
nitrogen-diluted gas. 

The highly integrated concept is illustrated in Figure 1. Both 
concepts feature the PRENFLO coal gasification process, 
Linde air separation technology, and the Siemens V84.4 com-
bustion turbine in combined-cycle service. The nominal 
plant rating for both concepts is 400 megawatts. 

The design basis included the site conditions of Florida 
Power and Light Company's Martin Station and Pittsburgh 
No. 8 coal as feedstock.

FIGURE 1 

HIGHLY INTEGRATED GCC CONCEPT 
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SOURCE: SARGENT & LUPCY 

The gasification combined-cycle (CCC) plant configurations 
consist of two parallel equipment trains, except for the single 
steam turbine. The air separation units provide oxygen to 
each gasifier which are also fed dried coal dust. The gasifiers 
produce hot, raw gas which is cooled in syngas coolers. The 
gas is dedusted, cleaned of sulfur, moisturized, and sent to 
the combustion turbines. Each combustion turbine produces 
electrical power and exhausts to a dedicated heat recovery 
steam generator (HRSG). The HRSGs generate steam for 
power production in the single steam turbine and for process 
uses in the fuel production facilities. 

Coal Gas Block 

The PRENFLO coal gasification process uses a dry-coal-fed, 
oxygen-blown, entrained-flow gasifier developed by Krupp 
Koppers. The original configuration of this process, called 
the Koppers-Totzek process, has been demonstrated at an 
industrial scale in a large number of plants which operate 
near atmospheric pressure. PRENFLO, the current version 
of the process, works at an elevated pressure. The gasifier 
pressure depends on the requirements of the final gas user: 
in this case, a pressure of about 290 psia is sufficient for use 
in the combustion turbines. 
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Power Block 

The combustion turbines of the power block are of an ad-
vanced design. Both (iCC concepts are based on the ex-
pected performance of the 1989 Siemens V84.4 combustion 
turbine design. The steam cycles are based on reheat steam 
turbines with 1,929 psia/999°F/999°F steam conditions. The 
HRSGs produce high pressure and hot reheat superheated 
steam for power production, and medium- and low-pressure 
steam for export to the fuel plant. 

Auxiliary Power 

Overall, the Highly Integrated Concept uses approximately 
30 percent less total auxiliary power than does the Basic 
Concept. A net plant heat rate improvement of 2 to 
3 percent is realized through the integration in the Highly In-
tegrated Concept. This improvement is primarily the result 
of the lower auxiliary power usage. 

Economic Evaluation 

Capital cost estimates were developed for each concept. The 
total plant costs are summarized in Table 1. The total capi-
tal requirements, on a $/kW basis, show an advantage for 
the Highly Integrated Concept of about 3 percent when com-
pared to the Basic Concept. 

TABLE 1 

TOTAL CAPITAL REQUIREMENTS
(In $1,000, 1990)

Highly 

	

Basic	 Integrated 

	

Concept	 Concept 

Total Field Costs 443,817 420,772 
Indirect Costs 111,061 107,904 
Sales Tax 18,452 17,392 
Contingency 80,951 76,244 

Total Plant Costs 654,281 622,312 

Output at 90°F (MW) 439.9 429.9 
$/kW at 90°F 1,487 1,448 
Owner's Costs' 30,491 29,001 
Total Capital Required 684,772 651,313 
$/kW at 90°F 1,557 1,515

1lncludes startup costs, inventory capital, initial catalysts 
and chemicals.

Capital and operating cost estimates were used to determine 
30-year levelized electricity generating costs. This analysis 
was performed in constant dollars for both concepts. The 
cost of electricity for the two plant concepts, in mills per 
kilowatt-hour, is presented in Table 2 for capacity factors of 
65, 75, and 85 percent. The cost of electricity for the Highly 
Integrated Concept is about 5 percent lower than that of the 
Basic Concept.

TABLE 2 

COSTS OF ELECTRICITY LEVELIZED,
CONSTANT DOLLAR ANALYSIS

(Mills/kWh)

Highly 

	

Basic	 Integrated 
Capacity Factor	 Concept	 Concept 

65%	 58.9	 55.9 
75%	 53.4	 50.7 
85%	 49.2	 46.7 

#9## 

DIRECT LIQUEFACTION COSTS HAVE INCREASED 

In 1986, an updated study of direct coal liquefaction costs 
showed that these costs had dropped dramatically since the 
early 1980s, falling from about $90 per barrel to $35 per bar-
rel of crude oil equivalent. Additional developments in the 
technology promised to bring the cost for liquid fuels from 
coal to below $30 per barrel. 

Since 1986, however, costs have gotten higher rather than 
lower. There has been technical progress, but not enough to 
offset the effects of inflation and cost increases in the con-
struction industry, according to R.E. Lumpkin of Amoco Cor-
poration. Liimpkin presented a paper on the status of direct 
coat liquefaction at the Eighth Annual International Pitts-
burgh Coal Conference last fall. 

A series of technical improvements, which were tested and 
demonstrated at the Advanced Coal Liquefaction Research 
and Development facility in Wilsonville, Alabama, cut the 
costs in half, to about $46 per barrel. 

The Wilsonville participants were confident that the costs for 
direct liquefaction could be lowered another 15 to 20 percent 
within several years. But in mid-1991, Amoco estimated that 
the cost for transportation fuels via direct coal liquefaction 
was about $43 per barrel. 
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Even though the technology improved, says Lumpkin, jus-
tification for building a commercial coat liquefaction plant is 
further away. Costs have increased partly because construc-
tion costs have risen, and partly because the value of highly 
aromatic gasoline has fallen relative to crude oil. 

Recent Progress In Direct Liquefaction 

According to the paper, the surest way to secure funding for 
direct coal liquefaction research and development is to con-
tinue to improve the technology. The major improvements 
identified in 1987 and 1988 were using low-cost sub-
bituminous coal as feed, and achieving a low-boiling product 
slate without generating an excessive amount of hydrocarbon 
gas. These are the improvements that led to the lower costs 
since 1986. 

Table I compares the design bases for the 1986 and 1990 
technologies. The key difference is the change to a lower 
cost feedstock. Although liquid yield from subbituminous 
coal is slightly less than from bituminous coal, the hydrocar-
bon gas generated is lower, and so is the hydrogen consump-
tion. The subbituminous coal run used supported catalyst in 
only the second of the two reactors. In the first stage, iron 
powder was added with the coal feed, and converted to a sul-
fide in the preheater to the reactor train. This seemed to 
improve coal conversion. 

Current Activities 

Bechtel was awarded a contract in 1989 by the United States 
Department of Energy (DOE) to update the design and

economics for direct coal liquefaction. The result will be a 
tool for research guidance that should greatly improve the 
effectiveness of liquefaction research and development. 

Another promising development in coal research and 
development is the Consortium for Fossil Fuel Liquefaction 
Science, a group of five universities with funding from DOE. 
The Western Coal Consortium at the University of Wyoming 
will also have a positive impact, says Lumpkin. 
F. Derbyshire has revitalized the University of Kentucky Cen-
ter for Applied Energy Research. The budget available from 
the State of Kentucky has been stabilized, and $10.5 million 
in external funding has been secured in the past year. In ad-
dition, Amoco helped establish a program at the University 
of Delaware on coal conversion research. 

There are also some new concerns, primarily environmental. 
One is provisions in the Clean Air Act of 1990 mandating 
reduced aromatic content for gasoline to 25 percent or less. 
Current gasolines average about 32 percent aromatics; 
gasolines from coal normally have aromatic contents be-
tween 40 and 45 percent. Hydrogenating these liquids to 
reduce the aromatic content to 25 percent would raise the 
costs for coal liquids by $2 to $3 per barrel. 

Another environmental concern is the fear of increasing 
average global temperature because of the greenhouse ef-
fect. Gasoline made from coal releases about 30 percent 
more carbon dioxide than gasoline made from petroleum, 
when all of the processing is considered. Thus, coal liquefac-
tion may be difficult to justify, says Lumpkin. 

TABLE 1

ECONOMIC BASE CASES FOR DIRECT COAL LIQUEFACTION 

1986 Study 1990 Study 

Coal Illinois # 6 Black Thunder 
Mode C/C T/C 
Temperature, °F 775/815 825/760 
Catalyst Addition Rate, 2 1.2 

lb/Ton MAF Coal 
Space Velocity, 36/36 37 
Ib/MAF Coal/hr/cu It cat. 

Yields, wt % MAF Coal 
Non-HC gases 16.6 23.7 
HC gases 11.0 83 
C4-1,000°F Liquids 69.8 61.0 
1,000°F+ Organic 103 133 

Hydrogen Consumed, 7.7 63 
wt% MAF Coal
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Future Directions	 reasonable to aim for a 30 percent reduction in costs for 
transportation fuels from coal within 3 to 5 years. 

The Wilsonville program sponsors are working to bring the 
cost of direct liquefaction below $30 per barrel. This 
program is not yet entirely in place, but Lumpkin recom-
mends the following actions. 

First, capital must be made available to modify the plant, be-
cause there have been no significant changes to the capital 
equipment since 1986. The most pressing needs include: 
changing the ROSE-SR unit to allow using lighter solvents; 
doing grinding and crushing on-line to avoid detrimental 
aging of the ground coal, and to dry low-rank coals at high 
throughput; and improving the distillation system to permit 
operation at higher throughput. 

Amoco's small-scale work suggests that chemical and physi-
cal coal cleaning would boost coal conversion from about 
90 to 95 percent, and would allow operation at a solvent to 
coal ratio of 1.2 instead of 2.0. These improvements could 
be demonstrated at Wilsonville within a year with some off-
site support for coal cleaning. Amoco also recommends in-
stalling equipment to chemically and physically clean low-
rank coal on-line in the Wilsonville pilot plant. Combining 
these improvements with some modest reductions that might 
be expected in hydrogen production costs as coal gasification 
is commercialized could reduce the cost of liquids from coal 
by about $7 per barrel. 

There is also a proposal to use a distributed catalyst to re-
place the supported catalyst in one or both of the current 
reactors. This allows replacement of the ebullated bed reac-
tors by slurry reactors. This could reduce the number of 
trains needed for a given plant output, and lower catalyst 
costs at the same time. Another improvement is to decar-
boxylate low-rank coals before they are fed to the reactors in 
order to reduce the hydrogen required to remove oxygen. 
Together with coal cleaning, operation in this mode could 
further reduce costs by about $8 per barrel, for a total reduc-
tion to about $28 per barrel. 

Another possible modification is the addition of a fixed bed 
hydrotreater as a third stage. The unit would be downstream 
from the two current reactors, and operate at comparable 
pressure. It is likely that higher space velocity would be pos-
sible, and that the quality of the liquids would be improved. 
Amoco estimates that this could lower the cost for coal li-
quids by $8 to $10 per barrel from the current base case. 
('Fhese savings are not cumulative with those above, but over-
lap to some degree.) 

According to the author, it seems likely that improvements 
already identified can bring the cost of transportation fuels 
from coal below $30 per barrel with a few years if research 
and development is properly directed. 

There are still substantial cost reductions possible without 
making breakthrough changes in technology. It is not un-

10CC FEASIBILITY ANALYZED IN CANADA 

A large and diverse group of Canadian partners has under-
taken to evaluate the feasibility of integrated gasification 
combined cycle (10CC) technology. Phase I of this project 
is a study to predict the performance and cost of a 
240 megawatt 10CC facility tailored to Canadian resources 
and requirements. The Coal Association of Canada (CAC) 
managed the feasibility study and Bechtel Canada Inc. was 
selected to perform the engineering. The specific objectives 
of this study were to: 

Develop a cost-effective design which has a target 
40 percent thermal efficiency based on the higher 
heating value of the coal or lignite feed 

Minimize plant emissions, solid waste, and liquid 
discharges 

Select a gasification process, gas turbine, and other 
system components which best meet the target ef-
ficiency and environmental objectives 

Develop a site and coal-specific base case design in 
sufficient detail to allow preparation of a 
±20 percent capital cost estimate 

- Estimate performance and cost for several alter-



nate coals and alternate design configurations 

R.F. Geosits of Bechtel Power Corporation, et al., presented 
a paper on the 10CC feasibility study at the Ninth Interna-
tional Conference on Coal Research held in Washington, 
D.C. last fall. 

Base Case 10CC Design 

The 10CC plant consists of a single Shell coal gasification 
and gas cooling train, and a single combined cycle power 
block. The power generation system includes a GE-7F gas 
turbine, a 3-pressure heat recovery steam generator, and a 
reheat steam turbine. A CO  removal pilot plant is also in-
corporated. 

The site arrangement and major structures are shown in 
Figure 1. 

At the design temperature point, the plant will produce a 
gross output of about 282 megawatts. The in-plant power 
consumption, including the air separation unit compressor 
load, is 38.0 megawatts electric, yielding a net output of 
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FIGURE 1 

BASE CASE DESIGN GENERAL EQUIPMENT ARRANGEMENT 

ET AL. 

about 244 megawatts.	 The net overall efficiency of 
40.4 percent. 

The power output and efficiency calculated for the base case 
design do not represent maximum attainable values for the 
10CC plant. GE has recently raised the claimed perfor-
mance of the GE-7F turbines which would increase the 
power output from 168 megawatts to 182 megawatts. Also, 
further thermal integration may yield performance benefits. 
Overall, the efficiency may increase by one to two points, say 
the authors. 

Base Case Plant Emissions and Discharges 

According to the paper, important features of any IGCC 
plant design are low SO fNO emissions and high efficiency 
which results in lower cb2 emissions. Estimated emissions 
and discharges for the base case design are shown in Table 1.

below 12 ng/J. High efficiency minimizes utilization of coal 
resources and inherently minimizes CO emissions. Gasifica-
tion at high temperatures eliminates volatile organic carbon, 
and gas purification limits particulates in the gas turbine a-
haust to unburned carbon and condensables such as SO, 
which are formed during combustion. Carbon monoxide 
emissions are also estimated to be low. 

Solid waste is limited to coal ash in the form of slag or fly 
slag, which leaves the process as a vitreous, nonleaching sub-
stance. All other waste material is recycled to extinction in 
the gasifier except for occasional maintenance-related sub-
stances which are recycled or sent to disposal. The base case 
plant is also designed for zero liquid waste discharge. All 
process water, boiler blowdown, and effluent from make-up 
water treatment is treated and reused. 

Base Case Plant Costs and Economics 

1(3CC technology allows 99 percent recovery of potential 	 The capital cost of the base case plant was developed from 
SO emissions as byproduct sulfur. Plant NO emissions are 	 detailed vendor input, from factoring cost estimates to 
limited to 51 ng/J, but developing designs using additional 	 similar scope and from Bechtel cost data. The total capital 
steam or nitrogen injection into the fuel gas, and selective 	 requirement (MR) for the base case demonstration plant 
catalytic reduction have the potential to reduce emissions to 	 (exclusive of allowance for funds during construction) was 
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TABLE 1 

SUMMARY OF ESTIMATED AIR EMISSIONS AND DISCHARGES 

Air Emissions Units	 Ouantities 

Stack Gas kg/hr	 1,606,573 
in /s	 532 

NO, (as NO2) ppmvd	 48 
tonnes/day	 2.65 
zig/i	 51 

SO2 pprnvd	 13 
tonnes/day	 0.10 
ng/J	 2.0 

CO pprnvd	 18 
tonnes/day	 0.61 
ng/J	 12 

CO2 vol % (dry)	 9.2 
tonnes/day	 4,869 
ng/J	 93,441 

Particulates tonnes/day	 0.22 
ng/J	 4.2 

Unburned Hydrocarbons tonnes/day	 0.05 
(UI-IC) ng/J	 0.89 

Dryer and Lock Hopper Vents kg/hr	 91,930 in /s	 33 

CO2 vol % (dry)	 034 
tonnes/day	 14.9 
ng/J	 28.6 

Particulates tonnes/day	 0.11 
ng/J	 2.1 

Other Discharges 

Slag and Fly Slag tonnes/day (dry) 	 387 
ng/J	 7,428 

Sulfur Byproduct tonnes/day	 5.1 
ng/J	 98 

estimated to be about $494 million, or a specific cost of Implementation Plans 
$2,440 per kilowatt. Components of the TCR are shown in 
Table 2.	 Operating and maintenance costs are summarized A project schedule, along with construction labor and plant 
in Table 3.	 The plant economics and financial criteria are staffing requirements were developed for the base case 
summarized in Table 4. demonstration project. 	 Approximately 4 years will be re-
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TABLE 2 

TOTAL CAPITAL REQUIREMENTS
(1991, Canadian Dollars) 

Description IMillion 

Total Plant Cost 532.7 2,186 
Taxes and Duties 8.4 34 
Initial Catalyst and Chemicals 1.5 6 
Spare Equipment to Increase Availability 9.8 40 
Owner's Costs 42.2 173 

Total Capital Requirements 594.6 2,439 

TABLE 3 

BASE CASE PLANT O&M COST SUMMARY
(1991, Thousand Canadian Dollars)

Description Unit Cost 

Fixed Operating Costs $1,000/year 8,510 
$/kW-year 34.9 
Mills/kWh" 4.98 

Variable Operating Costs $1,000/year 14,060 
Mills/kWh 6.58 

Sulfur Byproduct Credit $1,000/year -140 
Mills/kWh -0.07 

Net Variable O&M $1,000/year 13,900 
$1,000/year 11,100 
Mills/kWh 6.52 

Total O&M (Excluding Fuel) $1,000/year 22,400 
$1,000/year 19,600 
Mills/kWh 11.50 

Fuel Cost' $1,000/year 11,981 
$1,000/year' 9,585 
Mills/kWh 5.61 

Total O&M $1,000/year 34,400 
$1,000/year 29,200 
Mills/kWh 17.10 

•	 Based on 100 percent capacity factor 
"	 Based on 80 percent capacity factor 

Based on a coal price of $12 per tonne
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TABLE 4 

SUMMARY OF PLANT ECONOMICS 

Total Capital Required (M$) 1991$	 . 594,600 
Total Capital Expenditure (M$) 1991 $ 642,852 

1996$ 848,176 

Cumulative Present Value of 
Revenue Requirements (M$) Discounted to 1991 819,499 

Discounted to 1996 1,444,232 

Levelized Cost (Mills/kWh)' Real 1991 (Constant $) 59.8 
Real 1996 (Constant 8) 78.9 

Levelized Cost (Mills/kWh)' Nominal 1991 (Current 8) 90.1 
Nominal 1996 (Current 8) 118.8 

Financial Criteria 

Plant Life (Book Life) 20 years 
Tax Life 20 years 

Tax Rates 
Federal 28.84% 
Provincial 15.00% 

General Inflation 5.7% per year 
Capital Cost Escalation Rate 5.7% per year 
Fuel Escalation Rate 6.7% per year 

Capital Cost Structure 
Equity 39% 
Debt 42% 
Preferred Stock .19% 

100% 

Cost of Capital 
Return on Equity 14.0% 
Interest on Debt 11.5% 
Return on Stock 9.0%

Discount Rate for Levelizing	 12.0% 
Basis for Levelizing Cost of Electricity 	 All taxes paid, no 

income tax rebate, 80% 
plant operating factor, 
in service 1996. 

quired to engineer, construct and commission the base case 
plant. Field work will require about 2.5 years. 

While it is clear that this technology can reduce emissions 
and improve efficiency, the initial investment and operating 
cost based on the design criteria assumed for this study will 
be higher than that of a pulverized coal-fired plant.

However, there are likely to be significant improvements in 
gasification and gas turbine design which can reduce the capi-
tal cost of future IGCC systems, thereby making IGCC an 
increasingly attractive economic option. 

##fl 

SYNTHETIC FUELS REPORT, MARCH 1992 
4-24 



TECHNOLOGY 

COMBINATION OF CARBONIZER WITH PFBC GIVES 
EFFICIENT COGENERATION SYSTEM 

Pressurized fluidized bed combustion (PFBC) in combina-
tion with a coal carbonizer is the topic of a paper by J. Beer 
of the Massachusetts Institute of Technology in Cambridge, 
Massachusetts and R. Garland of Westinghouse Electric Cor-
poration in Orlando, Florida. The paper was presented at 
the American Society of Mechanical Engineers 1991 Cogen-
Turbo symposium held last fall in Budapest, Hungary. 

Coat combustion in direct-fired gas turbine cycles, in which 
the combustion products pass through the gas turbine, 
presents limitations not only on the maximum temperature 
at entry to the gas turbine, but also on the peak temperature 
to which the coal mineral matter has been exposed during 
combustion. A small fraction of the coal ash, increasing with 
increasing temperature, is vaporized and forms a submicron 
aerosol upon condensation as the gas cools down, which 
deposits on turbine blades. Fluidized combustion is the 
choice of combustion mode for this task because of the much 
lower combustion temperature (about 1,600°F) compared to 
that in pulverized coal combustion (about 3,1000F). 

The lower temperature range in fluidized combustion is also 
favorable for in-bed sulfur capture by calcium oxide par-
ticles. At temperatures above 2,400°F the product of sulfa-
tion, CaSO4, becomes increasingly unstable and decomposes 
to CaO and SO2 but it remains stable at PFBC conditions. 

One disadvantage of the low gas temperature in PFBC is 
that it limits the gas turbine cycle efficiency. By applying a 
topping combustor the gas temperature can be raised at the 
entry to the gas turbine. The fuel used in the topping com-
bustor can be a coal fuel, produced in a carbonizer, or 
natural gas. When the coal is devolatilized in a carbonizer, 
the residual char is fed into the PFBC. The char combustion 
products and the carbonizer volatiles have to undergo hot 
gas cleanup for the removal of particulates. The sulfur is 
removed from the carbonizer by calcareous sorbent. 

For the PFBC with carbonizer, the fuel gas burned in the top-
ping combustor is of low heating value, and contains 
nitrogenous compounds (amines, cyanides), which require 
staged, fuel-rich, fast-quench, lean combustion mode for low 
NO, emission. 

The Second Generation PFB Cogeneration System 

Over the past several years, the United States Department of 
Energy (DOE) has sponsored a project on a second genera-
tion PFBC led by Foster Wheeler Development Corpora-
tion. Westinghouse's participation relates to gas cleanup—
the use of the ceramic cross-flow filter; and the

turbomachineiy—the steam and gas turbines. A schematic of 
the second generation PFBC system adapted to cogeneration 
is shown in Figure 1. 

The plant operates as follows: coal slurry is fed to a pres-
surized carbonizer that produces a low-BTU fuel gas and 
char. After passing through a cyclone and cross-flow filter to 
remove gas-entrained particulates, the fuel gas is burned in a 
topping combustor to produce the energy required to drive a 
gas turbine. The gas turbine drives a generator and a com-
pressor that feeds air to the carbonizer, the PFB, and 
fluidized bed heat exchanger (FBHE). The PFB and the 
FBHE are basic components of a circulating fluidized com-
bustor (CPFBC). The carbonizer char is burned in the PFB 
with high excess air, and the vitiated air from the PFB is 
used to support combustion of the fuel gas in the topping 
combustor. Steam generated in a heat-recovery steam gener-
ator (HRSG) downstream of the gas turbine and in the 
FBHE associated with the FEB drive the steam turbine gen-
erator that furnishes the balance of electric power delivered 
by the plant and the steam for process. 

FIGURE 1 
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The low-BTU gas is produced in the carbonizer by 
pyrolysis/mild devolatilization of coal in a fluidized-bed reac-
tor. Because this unit operates at temperatures much lower 
than gasifiers currently under development, char residue is 
also produced. Left untreated, the fuel gas will contain 
hydrogen sulfide and sulfur-containing tar/light oil vapors; 
therefore, lime-based sorbents are injected into the car-
bonizer to catalytically enhance tar cracking and to capture 
sulfur as calcium sulfide. Sulfur is captured in situ and the 
raw fuel gas is fired hot. 

The char and calcium sulfide produced in the carbonizer, 
and contained in the fuel gas as elutriated particles, are cap-
tured by high-temperature filters, rendering the fuel gas es-
sentially particulate free and meeting the New Source Perfor-
mance Standard. The captured material, together with car-
bonizer bed drains, is collected in a central hopper and in-
jected into the PFB through a nitrogen-aerated noninechani-
cal valve. The high excess air in the combustor transforms 
the calcium sulfide to sulfate, allowing its disposal with the 
normal PFB spent sorbent. 

In the CPFBC, the burning char heats the high-excess-air 
flue gas to 1,600°F; any surplus heat is transferred to the ex-
ternal FBHE by the recirculation of sorbent between the two 
units. Controlled recirculation is accomplished with cyclone 
separators and nonmechanical valves. The CPFBC con-
figuration selected is a vertical, refractory-lined pressure ves-
sel, with all cooling tube surfaces placed in the FBHE. Be-
cause of the low fluidizing velocity in the FBHE 
(<0.15 meters per second), the risk of tube erosion is vir-
tually eliminated. Also, because no combustion is taking 
place in the FBHE, there is no gas-side corrosion risk. 

The exhaust gases leaving the carbonizer and the CPFBC 
contain particles of char, sorbent, and fly ash—all of which 
can erode and foul downstream equipment. To prevent ero-
sion and fouling, a hot gas cleanup (HGCU) system, consist-
ing of ceramic cross-flow filters preceded by cyclone 
separators, cleans these gases to <20 ppm solids loading 
before they enter the fuel gas topping combustor and the gas 
turbine. Ceramic candle filters, hot electrostatic 
precipitators (ESP5), screenless granular-bed filters, etc., are 
also candidate alternatives for the cross-flow filter should 
their performance and economics be found superior. 

Table I lists the performance of this second generation PFB 
cogeneration system. 

Air-Heater Topping Cycles 

Using an atmospheric pressure circulating fluidized coal com-
bustor (ACFBC) an air heater topping cycle can be applied 
in a semi-direct coal-fired mode. 

In the semi-direct mode, a pressurized carbonizer provides 
the feedstock of char to the atmospheric pressure fluidized 
combustor, and fuel gas (mainly coal volatiles) is injected

TABLE 1 

SECOND GENERATION PFB 
GENERATION PERFORMANCE 

Gas Turbine Power
	

21,211 kW 
Steam Turbine Power
	

20,266 kW 
Auxiliary Power	 (1,835) kW 
Net Electric Power 	 39,641 kW 
Process Steam Flow	 353,394 lb/h 
Process Steam Pressure	 150 psig 
Process Steam Temp. 	 386 F 
Coal Feed Rate
	

53,980 lb/h 
Thermal Efficiency 	 82.85% 

into the topping combustor (Figure 2). Compressed air is 
preheated in the external FBHE to 1,400°F before entry to 
the topping combustor where the coal gas is burned to raise 
its temperature to 2,000°F. In this cycle only the coal gas 
needs to be cleaned, the rest of the gas turbine medium is 
clean aft. 

Turbine Design 

Two systems of coal fueled steam-gas turbine combined cycle 
cogeneration with topping combustion were discussed; pres-

FIGURE 2 
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surized fluidized combustion with syngas-tired topping com-
bustor, and an atmospheric pressure boiler air heater cycle 
with a syngas-fired topping combustor. 

According to the authors, adaptation of an existing combus-
tion turbine (Westinghouse Model W-151) to the PFBC sys-
tem requires no major redesign except for the ducting of the 
compressor air out of the machine so that it can be delivered 
to the carbonizer and the PFB, and the application of an ex-
ternal combustion system with a group of multiannular top-
ping combustors. 

In the area of topping combustor development, the major 
challenges are the adequate cooling of the combustor walls 
and NO emission control. Experimental results show that 
in a multiannular combustor design the subdivision of the to-
tal air into concentric annular passages with rotating flow en-
sures satisfactory wall cooling. 

For the coal gas-fired topping combustor, where the fuel con-
tains nitrogen compounds, staged combustion is necessary to 
suppress the formation of NOR. 

Mn 
LIGHT METAL CARBIDES FROM COAL OFFER NEW 
SYNTHETIC FUEL ROUTE 

• Light metal carbides can potentially be used as coal-based 
substitutes for oil as automobile and powerplant fuel, as 
hydrocarbon feed in plastics manufacturing applications, and 
as industrial chemicals. These possibilities were outlined by 
I. Maya and R.T. Schneider of Rein Energy Corporation at 
an American Society of Mechanical Engineers symposium 
titled "Solid Fuel Conversion for the Transportation Sector," 
which was held in San Diego, California last October. 

The primary light metal carbides (LMCs) examined are 
aluminum and lithium carbide. These are produced by react-
ing coal with other plentiful raw materials, such as aluminum 
oxide or lithium carbonate. The products of hydrolysis of 
LMCs, such as methane and acetylene, can serve as coal-
based substitutes for oil in both automobile and powerplant 
fuel. The hydrocarbons can also be used as feedstock in plas-
tics manufacturing applications. Carbides also have many 
applications directly as industrial chemicals. 

As fuel, hydrolysis of the carbides leads to the production of 
hydrocarbons. Key features of the carbides are that they rep-
resent a solid, noncombustible, storable, and transportable 
fuel. This is in contrast to coal gasification and coal liquefac-
tion. The solid fuel (carbides) are not combusted as a solid, 
but are converted to a fuel gas via hydrolysis—preferably 
methane from aluminum carbide, or acetylene from lithium 
carbide—at the location of use and potentially at the desired 
rate of consumption.

In the transportation sector, the carbides have received little 
attention as alternatives to oil. They offer several environ-
mental advantages in relation to the three most immediate 
alternatives, i.e., methanol from coal, ethanol from biomass 
and compressed natural gas. Formaldehyde emissions from 
methanol fuels present a problem. In this connection there 
is the potential that using light metal carbides to generate 
light hydrocarbons might achieve the relative advantages of 
compressed natural gas while being primarily based on coal. 
The potential for storage of energy in a light duty vehicle is 
greater in LMCs than in compressed natural gas. 

In addition to the environmental advantages of methane as a 
fuel, another attractive feature of carbide-based fuel produc-
tion is the reduction in emissions due to the capture and/or 
conversion of pollutants as an integral part of the chemical 
process, and the retention of these pollutants in the solid - 
waste stream. Ash/slag disposal is an inherent feature as-
sociated with most uses of coal. The disposal advantage of 
the carbide process is that the ash/slag will be contained in 
the aluminum carbide product rather than being emitted in 
the stack. Hydrolysis of the carbide will not carry over the 
ash/slag to the methane gas. It would likely then be easier 
to isolate the ash/slag by co- or post-processing of the 
recycle than by either pre-process cleaning of the coal or by 
scrubbing powerplant exhaust. 

The carbides can also substitute for oil as a chemical 
feedstock for the plastics industry. The carbides lead to a 
product that is a transportable solid which is convened to a 
gas at the location of use. The preferred carbide is lithium 
carbide, which leads to the generation of acetylene. The 
acetylene can then be processed to ethylene or other 
hydrocarbon gases or liquids for use by the synthetic 
chemicals/plastics industries. 

As chemicals, the carbides of aluminum, lithium, and other 
light metals are of interest as replacement for commercial 
chemicals currently in use which have associated toxic com-
ponents and disposal disadvantages. The carbides avoid 
these shortcomings by resulting in reaction products which 
are valuable chemicals that can be handled, reacted and dis-
posed of by ordinary means. 

Background 

Carbides are formed from the reaction of carbon with ele-
ments of the same or lower electronegativity. They can be 
produced by three general methods. These include: 

- Direct reaction of the primary elements at elevated 
temperatures approaching 2,000°K 

- Reaction of the metal with a hydrocarbon 

- Carbothermic reduction of the metal oxide at 
elevated temperatures also approaching 2,000°K 
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bide production is conceptually similar, except that the 
process occurs at much lower temperatures (approximately 
1,500 to 1,800°K), and the plant produces acetylene instead 
of methane. 

Because the first  two routes require primary elements or 
hydrocarbons which are in limited supply, the focus of the 
Rein effort is on the third. 

Aluminum carbide can be produced by several processes. 
The primary process is the carbothermic reduction of 
aluminum oxide in the temperature range of 1,700°K to 
2,200°K. Other methods of production include heating 
aluminum with calcium carbide, reducing aluminum oxide 
with calcium carbide in an electric arc furnace, by reducing 
sodium aluminate with carbon, by heating a mixture of 
aluminum and carbon to Z,300°K, and via the electrolysis of 
cryolite-alumina metals. 

Aluminum carbide can be produced from coal reacted with 
aluminum hydroxide or aluminum oxide feed. Methane is 
produced by hydrolysis of the carbide in the presence of an 
acid catalyst. The cycles are shown schematically in Figure 1. 
The coal-to-aluminum carbide plant could be located near 
the coal mining site to eliminate transporting the coal. The 
carbide-to-methane plant could be co-situated or remotely 
located. The methane could be generated in situ at the load 
center. The carbothermic reduction process for lithium car-

Economic Analysis 

The total plant capital costs for 1 ton per day and 100 ton 
per day plants are $440,000 and $4.5 million, as shown in 
Table 1. 

The operating cost of the plant is shown in Table 2. 
Economic and other assumptions are also shown in the table. 
The results show that aluminum carbide can be produced for 
$0.087 per pound in a commercial facility rated at 100 tons 
per day. 

One pound of methane is produced from 3 pounds of 
aluminum carbide. The additional cost of a hydrolyzer unit 
and gas handling equipment added to a carbide plant would 
not add significantly to the operating cost of the plant. Thus, 
the cost of methane produced from this aluminum carbide is 
$0.26 per pound, or $1.10 per hundred cubic feet. Because 

FIGURE 1 
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TABLE 1	 methane and gasoline are nearly equivalent in their energy 
content per unit mass, this price is equivalent to ap-

PLANT CAPITAL COST 	 proximately $1.60 per gallon of gasoline. 
($'Thou sands)

COPRODUCTION OF ELECTRICITY AND FERTILIZER 
PLANNED BY TVA 

The Tennessee Valley Authority (TVA) is proposing to 
develop and commercially demonstrate the coproduction of 
electricity and fertilizer using integrated gasification corn-

Plant Size 
Item	 1 Ton 1D 	 100 Ton/Day 

Storage Tanks	 $200	 $3,000 
Solids Handling 
Crusher/Pulverizer 
Powder Transport

Fluidized Bed Reaction bined cycle (IGCC) technology. 
Furnace Reactor 64 640

The proposed Coproduction Demonstration Project (CDP) 
Pyrolizer 40 250 will be a nominal 250 megawatt plant. During normal opera-

tion, the CDP will produce about 150 megawatts of baseload 
Quenching Tank 59 375 capacity and 1,000 tons per day of urea.	 Sulfur will be 

recovered either as sulfuric acid or elemental sulfur. During 
A14C3 Crusher 80 220 peak power demand, the fertilizer capacity can be bypassed, 

and the full 250 megawatts of power can be produced. 

Total $440 $4,490 According to a paper by D.T. Bradshaw, et al., of TVA, the 
coproduction of electricity and fertilizer allows continuous 
operation of the capital intensive gasification process units at 

TABLE 2 

MONTHLY PLANT OPERATING COST 
AND UNIT COST OF A14C3

Plant Size 
Category 1 Ton/Day 100 Ton/Day 

Capital Cost Recovery $6,600 $67,000 
Coal 2,400 236,000 
Aluminum Oxide 800 84,000 
Electric Power 900 22,000 
Maintenance and Spare Parts 200 1,000 
Operating Labor 20,800 83,000 
Administration Support 6,200 25,000 

Total Monthly Cost $31,900 $518,000 

Monthly Production, ton 27 2,700 
Cost of AI4C3, $/ton $1,400 $190 

cents lb 64 8.7
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100 percent capacity while being able to vary the amount of 
electricity produced. Their paper was presented at the 
Electric Power Research Institute 10th Annual Conference 
on Gasification Power Plants held last fall in San Francisco, 
California. 

Coproduction of the higher valued fertilizer coproduct also 
reduced annual revenue requirements for power generation. 
In addition, the overall risk of producing revenues is reduced 
because two counter-cyclic coproducts are produced. 
Electricity has peak demands in the summer and winter 
while fertilizer's peak demand is in the spring. The CDI' will 
produce about 03 million tons per year of urea, which has a 
higher net value, is easier to store and is more readily 
marketable than anhydrous ammonia. 

Table 1 shows the coproduct and byproduct demonstration 
production capacity, existing market capacity and projected 
additional capacity by the year 2000. 

Environmental Evaluation 

The primary gaseous, liquid and solid waste emissions from 
new coal based power generation are: 

- Sulfur dioxide (SO 
- Nitrogen dioxide (0) 
- Ash 
- Cooling tower blowdown 
- Process wastewater 

However, the reducing (partial oxidation) atmosphere in 
gasification also has significant environmental benefits com-
pared to conventional coal based power generation.

The SO  and NO emissions from 10CC are significantly less 
than those from pulverized coal (PC) with conventional SO 
and NO, control technology. Ile higher efficiency of Mice

 to PC, also reduces CO  emissions, which are even 
further reduced by the production of urea. 

SO and NO 1 emissions and generated solid waste are shown 
in 'fable 2 for four competing power generation configura-
tions. The 10CC and the IGCC/F (fertilizer) technologies 
produce the lowest environmental impact of the coal based 
technologies. 

Economics 

The WA coproduction concept is based on the potentially 
higher dollar value of chemicals (compared to electricity) in 
anticipation of real increases in the cost of clean fuels, such 
as natural gas and oil (distillate), which are used as chemical 
feedstocks. If the cost of natural gas escalates at a rate 
greater than the nominal inflation rate, then the production 
cost of the derivative chemicals will significantly increase in 
the long term, according to the paper. 

The impact of escalation of fuel prices is the key to the 
economics of the coproduction concept. Because nitrogen 
fertilizers are based on a natural gas feedstock, there could 
be a real escalation in fertilizer prices while electricity prices 
remain relatively stable. 

Based on a number of forecasts, the present low delivered 
price of natural gas to the TVA region, about $2.00 per mil-
lion BTU, will increase to at least $3.50 per million WI1J by 
2000 and to $5.50 per million BTU by 2010 in constant 
1990 dollars. 

TABLE 1

COPRODUCT AND BYPRODUCI' MARKVr SHARE 

Projected 
Coproduction Existing Additional 
Demonstration Market Capacity 

Product Project Capacity Cavaci byM 

Electricity, MW 250 24,600 (WA) 4,700 (WA) 
Fertilizer, MTPY1 
(Urea) 03 9.0 (U.S.) 1.0 (U.S.) 

2.8 (WA Market Area) 03 (TVA market Area) 
Sulfur, MTPYa 0.03 12 (U.S.) NA 
Sulfuric acid, MTPY 0.1 40 (U.S.) NA 

a Million tons per year
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ENVIRONMENTAL COMPARISON OF COMPETING TECHNOLOGIES 

Heat Rate, BTU/kWh 

An economic comparison of an optimized IGCC facility and 
an optimized IGCC/F coproduction facility is given in 
Table 3 (next page). The economics are based only on the 
costs to produce urea in a new plant. Any additional 
revenue resulting from the higher urea market price will only 
enhance the economics of 10CC/F. 

The authors conclude that there will be a significant 
economic advantage of coproduction over straight electricity 
production after the year 2000 if natural gas prices escalate 
as expected. 

TVA has evaluated a number of potential sites for the 
10CC/F project, and will make a final determination on the 
site in fiscal year 1992 before submitting a proposal for fund-
ing to the United States Department of Energy under 
Round V of its Clean Coal Technology Program. 

Project Development 

Engineering and design of the CDP is scheduled to begin in 
1992 with startup expected in 1998. WA plans a 3-year test 
and demonstration program after which the facility will be 
used as a commercial unit in the TVA system.

CR55 PYGAS PROCESS MAY BE TESTED IN 
WEST VIRGINIA 

PyGas is an air-blown, fixed-bed coal gasification concept 
developed by CRS Sirrine Engineers (CR55). A $21 million 
pilot plant is being considered for the United States Depart-
ment of Energy's planned gasification research and develop-
ment center new the Morgantown (West Virginia) Energy 
Technology Center. A description of the PyGas process was 
provided by MJ. Brown and R.S. Sadowski at the American 
Society of Mechanical Engineers International Power Gener-
ation Conference held last fall in San Diego, California. The 
process incorporates a pyrolyzer (Py-) within a conventional 
fixed-bed gasifier (-Gas). The result is the ability to: 

Operate on air instead of oxygen 

Handle high free swelling index coals without the 
problem of agglomeration or clinkering 

Condense volatilized alkali onto aluminosilicates in 
the ash 

Ensure high carbon conversion 

Crushed coal (0.25 x 0) is pneumatically conveyed to the 
pyrolyzer (Figure 1, page 4-33). Upon entry into the 
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TABLE 3 

ECONOMIC COMPARISONS OF COPRODUCTION OF
ELECTRICITY AND FERTILIZER 

Optimized	 Optimized 
Technology 1(3Cc IGCCfF 

Size, MW 
Electric (Base) 500 335 
Fertilizer (MW Equivalent) 0 165 
Total 500 500 

Heat Rate, BTU/kWh 8,500 9,500 

Subtotal Revenue Requirement, Mills/kWh NA 84.7 

Subtotal Incremental Operating Cost, 
(Dispatch Priority) rn/kWh NA 25.1 

Fertilizer Credit, Mills/kWh 
At $3.501MBTU8 ($170/Ton Urea) NA 39.4 
At $5.501MBTLf ($200/Ton Urea) NA 49.7 

First-Year Revenue Requirement 
At $3.50/MBTU ($170/Ton Urea) NA 453 
At ss.so,MBTUa ($200/Ton Urea) NA 35.0 

Total Incremental Operating Cost, Mills/kWh 
At $3.50/MBTU8 NA 143 
At $5.50/MBTU8 NA -24.6 

a Natural gas feedstock

preheated pyrolysis zone, the oxygen in the air reacts with 
the coal to provide the necessary heat to rapidly drive off the 
volatile content of the coal. The rapid devolatilization of the 
coal results in gaseous 'bubbles" that pass upward through 
the bed and exit the top of the pyrolyzer tube. This action, 
along with the continuous feed of air and coal, moves the 
char/ash granules, at a slower rate than the gases, toward 
the top of the pyrolyzer. The solids flow over the edge of the 
pyrolyzer tube, falling by gravity onto the upper fixed bed 
while the gases disperse into the upper zone of the gasifier 
and subsequently down through the upper solids bed. Injec-
tion of air and steam into the top of the gasifier partially 
oxidizes the exiting pyrolyzer gases. This raises the mean 
bulk gas temperature of the upper gasifier zone. The result-
ing high temperatures crack hydrocarbon compounds that 
have resulted from pyrolysis. The hot gases in the upper 
zone of the gasifier then flow cocurrently with and through 
the carbon/ash (char) bed. Gasification of the carbon in the 
upper bed occurs until the bed temperature (cooling off due 
to the endothermic gasification reaction) reaches ap-
proximately 1,300 to 1,500°F,

While the upper gasifier zone gases endothermically cool in 
the presence of carbon/ash (char) from approximately 
2,300°F, any previously volatilized alkali is expected to con-
dense onto the char. There it can become chemically 
bonded to and hence stabilized by aluminosilicates present in 
the ash as the gases cool to 1,300 to 1,500°F. 

At this point, gases evolved through the upper bed flow out 
of the gasifier. The remaining carbon in the char is con-
sumed in the typical fixed-bed gasification manner through 
the lower bed. Air and steam are introduced through the 
gasifier grate. Entering oxygen consumes carbon in the 
lower bed to raise bed temperatures to approximately the 
ash fusion temperature. As the gases pass countercurrent to 
the char/ash particles, carbon is consumed by endothermic 
gasification reactions. Gases evolved from the lower and 
upper beds then combine and exit the gasifier. Air and 
steam requirements to the grate are controlled to ensure that 
the ash exiting the gasifier contains less than 5 percent car-
bon by weight.
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The Pyrolyzer 

The analysis by CRSS indicates that when coal is heated, its 
volatiles form bubble-cell structures throughout the coal. 
Under rapid heating conditions (10 °F per second), the a-
pansion of the volatiles within the bubbles quickly reaches 
high enough pressures to "break" the bubbles and escape 
before the coal particle expands. However, as the heating 
conditions decrease to under iO OF per second, the coal par-
ticles swell before the pressure within the "volatile bubbles" 
is high enough to rupture the bubbles. The phenomenon of 
tars and asphaltenes forming a sticky surface coating on coal 
results in adjacent particles sticking together and forming an 
incipient clinker. This phenomenon is known as agglomera-
tion. Air and steam pass around such agglomerated lumps 
following a path of least resistance. This bypassing results in 
a diminished gasification reaction because the air and steam 
cannot reach the unreacted coal contained within the ag-
glomerated lump. When this happens, channeling occurs 
within a gasifier and its productivity and efficiency quickly 
diminish. 

Rapid devolatilization occurs in the PyGas pyrolyzer section. 
The rapid heating liberates the tars and asphaltenes in

gaseous form rather than tacky liquid form. Thus, the ag-
glomeration characteristics of highly caking coals from East-
ern bituminous seams becomes irrelevant. 

A major objective of Ps'Gas is the rapid devolatilization and 
maximization of carbon conversion in the pyrolyzer. This, in 
turn, minimizes air and steam requirements needed to gasify 
the remaining carbon (char) in the fixed bed gasifier section. 
According to CRSS bituminous coal volatile yield peaks at 
approximately 1,300°F if rapid heating is applied. On the 
other hand, if the heat rate is slowed down, the volatile yield 
becomes proportional to pyrolysis temperature. 

Modeling Results 

CRSS says that the PyGas process promises to alleviate previ-
ous limitations in the type of coals that can be effectively 
gasified in an air-blown, fixed-bed gasification system. They 
concluded from modeling results that: 

- Caking coals can be gasified without the adverse 
effects of sticky tars and asphaltenes which have his-
torically resulted in agglomeration in fixed-bed 
gasifiers. 

- It incorporates features to eliminate (by cracking) 
tar formations from exiting the gasifier and plug-
ging downstream piping and equipment. 

It provides a bed of ash on which volatilized alkali 
can condense and become retained by aluminosili-
cates either contained within or added to the coal 
ash. 

- By cracking sulfur containing tar formations, a pre-
vious concern of hot gas cleanup system sulfur 
bypass is eliminated. 

High moisture containing coals can be gasified 
without lowering the gasifier exit temperature 
which would otherwise adversely affect the hot gas 
cleanup system. 

- In contrast to slagging gasifiers, coals with either 
high or low ash fusion characteristics can be 
gasified in this air-blown gasifier. 

- The exit temperature allows for optimum perfor-
mance of the hot gas cleanup unit to remove sulfur 
compounds. 

The result is expected to be a clean, low-BTU gaseous fuel 
of approximately 150 BTU per standard cubic foot at 
1,500°F, suitable for firing gas turbines, power boilers, and 
other combustion processes.

nfl
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COAL-GAS-POWERED LOCOMOTIVE LOOKS 
FEASIBLE 

M.L. Greenhalgh of Caterpillar Incorporated, Peoria, Il-
linois presented "Preliminary Test Data and Systems 
Analysis of a High-Pressure Coal Fuel Processor/Engine Sys-
tern Concept" at the American Society of Mechanical En-
gineers Energy-Sources Technology Conference and Exhibi-
tion in Houston, Texas, January 1992. Caterpillar is par-
ticipating in a program sponsored by the United States 
Department of Energy (DOE) to identify the technical and 
economic feasibility of a coal-gas-fueled diesel locomotive 
powerplant. 

Feasible combustion performance of 145 BTU per cubic foot 
synthetic coal gas has been demonstrated on a laboratory 
single cylinder test engine. 

Proof-of-principle tests are under way with a high pressure, 
batch loaded gasifier. Run-of-mine coal is processed into 
100 to 150 BTU coal gas at 3,000 psi suitable for direct injec-
tion into an ignition assisted diesel-cycle engine. Recent 
modifications to the fuel processor test rig are aimed at 
demonstrating the feasibility of gasification reaction transfer 
between successive batch loads without the need for a sup-
plementary ignition source. 

Introduction 

This project aims to assess the technical and economic 
feasibility of a coal gas fueled diesel engine system concept 
with potential for application to line-haul locomotives 
(Figure 1). 

Briefly, an onboard, batch loaded fuel processor converts 
run-of-mine coal, water and high pressure air to low-ETU 
coal gas. The coal gas is desulfurized with in-bed sorbents 
and cleansed of particulates with disposable, granular bed fil-
ters. The hot, high pressure coal gas exits the gasifier at 
above engine-fuel injection pressure and is directly injected 
into a diesel-cycle engine. 

The engine has a glowplug equipped, ignition-assisted com-
bustion system. This combustion system is capable of power 
and thermal efficiencies equal to a commercial liquid-diesel-
fueled engine. The calculated thermal efficiency of the over-
all system, based on raw coal, is 37 percent for potentially 
practical configurations. Preliminary results indicate a poten-
tial return on incremental capital investment of over 
50 percent. 

Combustion Tests 

The combustion rig is a 5.4 inch bore, 6.5 inch stroke Cater-
pillar single cylinder test engine modified to operate on 
direct injected low-BTU gas. Shown in Figure 2 is the 
BMEP versus speed envelope for the engine operating on

FIGURE 1 
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liquid diesel fuel with a commercial, compression ignition 
combustion system. 

The shaded region is the range over which operation on 100 
to 150 BTU gas has been demonstrated using the direct in-
jected, ignition assisted low-BTU gas combustion system. 
These operating conditions include the eight "notches" on a 
railroad locomotive engine. 

Fuel Processor Rig Tests 

The fuel processor test section consists of a retractable 
canister inserted into a high pressure vessel and instru-
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mented with thermocouples on its outside surface. This 
2-inch diameter canister contains a 36 inch column of coal on 
top of 6 inches of granular filter media and, below that, a 
porous ceramic wafer. 

The gasification reaction rates for this process are estimated 
based on the rate of propagation of the "hot spot" down the 
length of the canister. Reaction rates are expressed as 
pounds of coal consumed per hour per square foot cross sec-
tional area of the coal bed. The target range for this concept 
is 1,000 to 6,300 pounds per square foot per hour. 

The current gasification model is being extended to incor-
porate transient processes including devolatilization. The 
fuel processor rig has been modified by the addition of a 
second processor in series with the first unit. 

The feasibility of transferring the gasification reactions be-
tween batch processing units without requiring a supplemen- 
tal ignition source will be further investigated. 

Conceptual Design and Analysis 

The overall system analysis model has been upgraded to in-
clude real gas effects and the baseline system thermal ef-
ficiency has been recalculated. The model has been 
employed to investigate how system thermal efficiency 
depends on fuel processor operating conditions, engine 
design, and the type of coal used in the fuel processor. 

•The thermal efficiency of the baseline system, based on raw 
coal, is 32 percent at a fuel processor operating pressure of 
3,000 psi and temperature of 1,500°F. There are small im-
provements in efficiency with lower pressures but large reduc-
tions in efficiency with lower temperatures. This means in-
sulating the piping from the processor to the engine to 
reduce heat loss will be an important design consideration. 

The predicted thermal efficiency of this concept also 
depends on the specific system configuration. Calculated ef-
ficiencies vary from the baseline case of 32 percent up to 
39 percent depending on the peak cylinder pressure and com-
pression ratio of the engine; whether the engine is tur-
bocharged or turbocompounded; and the degree to which 
heat is recovered from the compressor intercoolers. For ex-
ample, a basic engine capable of 2,300 psi at a compression 
ratio of 15:1, such as the Caterpillar 3600 series, could be tur-
bocompounded yielding a 3 percent improvement in thermal 
efficiency over the baseline case. 

System thermal efficiency is also a function of the fuel proces-
sor control parameters and the type of coal used. Figure 3 
shows how efficiency varies with air-to-coal and water-to-
coal ratios for three different fuel specification. 

Efficiency increases for lower values of air/coal ratio and 
water/coal ratio at a fixed coal gas exit temperature of 
1,500°F for all three fuel specifications. The *C22 HIS 0" is

FIGURE3 
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the coal specification for the baseline case. The transition 
from the solid line to the dashed line is the point where the 
gas stream components just begin to condense out. 

These calculations are based on the assumption that the fuel 
processor is adiabatic and that the gasification reactions have 
reached thermochemical equilibrium. The authors note that 
both assumptions are somewhat unrealistic but they do il-
lustrate that coal type and fuel processor control parameters 
can have a significant effect on overall system thermal ef-
ficiency. 

At these levels of thermal efficiency, preliminary economic 
analysis suggests a return on incremental capital investment 
of over 50 percent. The analysis assumed $0.80 per gallon 
diesel fuel and $1.50 per million BTU coal costs. 

fl## 

DESIGN OF HOT GAS CLEANUP TEST FACILITY 
UNDER WAY 

Southern Company Services has a cooperative agreement 
with the Department of Energy to design, construct and 
operate a nominal 50 ton per day coal feed facility for long-
term testing of particulate control device systems for hot gas 
cleanup under pressurized coal gasification and combustion 
conditions. The facility will be constructed at Wilsonville, 
Alabama. 

The test facility will be designed to operate in either a 
gasification or a pressurized fluidized bed combustion 
(PFBC) mode with gas temperatures up to 1,800°F and a sys-
tem pressure of 300 psi. The gas generator will be designed 
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to operate with an Eastern bituminous coal and an alternate 
Powder River subbituminous coal. 

The M.W. Kellogg transport reactor was selected for the gas 
generator due to its flexibility for gas and particulate testing. 
Conceivably, the transport reactor can run in either a pres-
surized gasification or a combustion mode over a wide range 
of operating temperatures and velocities. The feed coal to 
the reactor consists of fine particles similar to entrained sys-
tems, while the reactor has the temperature characteristics of 
a fluidized bed system. The transport reactor potentially al-
lows the particle size distribution, solids loading, and charac-
teristics of the particulate in the off-gas stream to be varied 
in a number of ways. 

Phase 1 of the project is the conceptual design which was in-
itiated January 1, 1991. The detailed design in Phase 2 is cc-

pected to be completed by the fall of 1992. Construction of 
the facility is anticipated to last 15 months, with operations 
targeted to begin by January 1994. A nominal two years of 
testing are provided for in the cooperative agreement. 

The testing program will primarily focus on hot particulate 
removal. This will include both parametric testing to deter-
mine operating ranges and long term testing (greater than 
1,000 hours) to demonstrate system performance and 
reliability. Other aspects of the technology will also be inves-
tigated during the testing, including inbed sulfur control, 
transport gasification and PFBC, instrumentation and con-
trols of integrated systems, and materials and components 
performance for hot gas cleanup systems. 

##fl 
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INTERNATIONAL 

FINLAND AMMONIA FROM PEAT PLANT SHUTS 
DOWN 

Kemira Oy of Finland was operating a pressurized fluidized 
bed peat gasification system for producing synthesis gas to be 
made into ammonia, known as the Oulu Ammonia Works. 
The plant was designed to produce 80,000 tons of ammonia 
per year to be made into fertilizer. 

Kemira announced in late 1991 that fertilizer production 
would stop. Therefore, the peat gasification system has been 
shut down. The gasifier had operated since June 1988. 

Peat is considered the only realistic raw material for syn-
thesis gas in Finland, so a research and development 
program was started in the 1970s to bring the gasification of 
peat into commercialization. The Oulu plant was the cul-
mination of this program. The Oulu plant used high-
temperature Winkler fluidized bed technology, soot removal, 
raw gas compression and three-stage gas purification. It has 
a capacity of 150 megawatts thermal. 

##11 

RESEARCH CONTINUES IN JAPAN 

The status of coprocessing research in Japan has been sum-
marized by H. Narita of the New Energy and Industrial Tech-
nology Development Organization (NEDO) in a paper 
prepared for an American Institute of Chemical Engineers 
meeting last year. According to Natita coprocessing technol-
ogy has been developed mainly in the United States and 
Canada. Advantages of coprocessing compared to direct 
coal liquefaction have been considered as follows: 

- Capital cost is lower because of the once-through 
operation system 

- It is possible to use the existing infrastructure at a 
petroleum refinery 

Coprocessing can use many varieties of 
coal/solvent combination 

Mitsui SRC Company, Ltd. has joined in HRI's coprocessing 
research and development (R&D) project supported by the 
United States Department of Energy, and investigations on 
this technology are also under way at Mitsui in Japan. 
Recently in Japan, coprocessing has been investigated by the 
National Laboratories as a part of coal liquefaction tech-
nologies.

Historically, a dispersed iron catalyst has been used in 
coprocessing. This type of catalyst with a bubble column 
reactor is usually used for R&D efforts. 

At an early stage of coal liquefaction R&D, the solvolysis 
process was developed in Japan. It was a two-stage process, 
and petroleum residue was used as the solvent for prepara-
tion of the feed slurry. It can be said that this was a 
coprocessing process, however, in order to increase the light 
oil yield, the process has been modified and a hydrogenated 
self-produced solvent is now used for preparation of the coal 
slurry. Recently two national laboratories have studied 
coprocessing technologies based on their own activities in 
coal liquefaction. 

Coprocessing Studies at Government Industrial 
Development Laboratory, Hokkaido (GIDLH) 

Since 1978, direct coal liquefaction studies have been 
carried out in the GIDLH by using a 0.1 ton per day bench-
scale plant. Since 1988 coprocessing studies have been con-
dücted using Canadian coal and oil as feedstocks based on a 
Canadian/Japanese science and technology agreement. 
Coprocessing studies were carried out using Battle River 
Coal as feed. Cold Lake tar sand vacuum bottoms, 
Athabasca tar sand bitumen and Battle River recycled oil 
(produced by the NEDO/Mitsui 0.1 ton per day bench 
plant) were used as the slurry vehicle. The operating condi-
tions were 723°K, and about 20 Mpa. The coal conversion in 
coprocessing is lower than with liquefaction. Less hydrogen 
availability in tar sand vacuum bottoms may cause lower con-
versions, and also, the high viscosity of tar sand bitumen may 
disturb fluidity and result in less hydrogen diffusion during 
coprocessing reactions. Hydrogen is needed for upgrading 
the vehicle oil as well as the coal. Thus, hydrogenation reac-
tions of both feeds are competitive, which may reduce the 
hydrogen partial pressure locally. 

Coprocessing Studies at the National Research Institute 
for Pollution and Resources 

The relationships between the properties of the vehicle sol-
vent and the yield of distillable oil from coprocessing was in-
vestigated. Taihelyo coal, Colorado shale oil, Cold Lake tar 
sand bitumen, anthracene oil and coal-derived oil (Wandoan 
coal) were used as feedstocks. Red-mud/sulfur was used as 
the catalyst. Vehicle solvents were hydrogenated at 663 or 
693°K using Ni-Mo type catalyst. 

It was found that coal conversion was increased when the 
vehicle solvent was hydrogenated for all coal/vehicle solvent 
combinations, and oil yield was also increased for tars and 
bitumen and anthracene oil. However, the effect of vehicle 
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solvent hydrogenation on oil yield was not observed for coal 
liquid and shale oil. Gas yield was almost the same or 
decreased when the vehicle solvent was hydrotreated. This 
means that hydrotreatment of the vehicle solvent improves 
the conditions for coprocessing.

CHINA TO PUSH FOR CLEAN COAL TECHNOLOGY 

China's Vice Minister of the State Science and Technology 
Commission has vowed to intensify governmental efforts to 
implement processes to use coal in clean and secondary 
energy sources, such as electricity, and to encourage energy 
conservation. 

GROUND-BREAKING CEREMONY HELD FOR WUJING 
TRIGENERATION PROJECT 

On March 2, 1992 a foundation stone laying ceremony was 
held for the first phase of the Wujing Trigeneration project 
near Shanghai, China. In November 1991 Shanghai Coking 
and Chemical Plant (SCCP) signed a contract with Texaco 
Development Corporation for the construction of a Texaco 
coal slurry gasifier. The gasifier will be used to produce 
town gas and chemicals. 

Phase 1 of the project will be divided into two stages. The 
first stage will result in a capacity of 1 million cubic meters of 
town gas per day plus 100,000 tons of methanol per year. In 
the second stage, output will be expanded to 1.7 million 
cubic meters per day and 200,000 tons per year. 

In later phases of the project SCCP intends to develop joint 
venture agreements to import other advanced technologies 
to produce acetic anhydride, formic acid, cellulose acetate 
and combined cycle power generation. 

DANISH UTILITY GASIFICATION COMBINED CYCLE 
PROJECT CANCELED 

The Danish Utility ELKRAFT Power Company Ltd. was 
planning to develop two integrated gasification combined 
cycle (IGCC) power plants in response to government direc-
tives to reduce pollution. The first plant was to be a 
demonstration of a 50 megawatt plant located at the site of 
an existing unit scheduled for retirement at Masnedoe. 

Construction of a full-scale 300 megawatt IGCC at Stitsnaes 
was to follow if the Masnedoe demonstration proved success-
ful. Completion of the plant had been scheduled for 1997. 

ELKEAFT canceled the project in 1991. The company has 
no schedule for further coal gasification activities at this 
time.

Vice Minister D. Nan told attendees at the International 
Conference on Environmentally Sound Coal Technology 
that the high cost of clean coal technologies, such as gasifica-
tion and liquefaction, makes it difficult for China to develop 
such technologies. *We hope the international community 
will transfer these new technologies on favorable or noncom-
mercial terms, and will provide additional and sufficient 
funds to ensure the implementation of the technology, Nan 
said. 

As a developing country, China's major energy source is coal, 
accounting for 76 percent of the total energy consumed. 
Most coal is currently burned as a direct energy source for 
heat and power, and an increase in coal use seems inevitable 
as the country's economy continues to develop. 

China's energy strategy is to advocate energy conservation, 
promote technological improvements and adjust the struc-
ture of energy consumption. According to Nan, China will 
speed up the development of hydropower, nuclear power 
and natural gas. 

In the past 10 years, China has implemented a program of 
energy conservation and development, but has reached the 
point where further development is constrained by the lack 
of technology and funding. The government of China hopes 
to be able to develop advanced clean coal technologies such 
as have been adopted in Western countries. 

This conference, which was cosponsored by the United Na-
tions Center for Science and Technology Development, was 
part of the preparation for the upcoming United Nations 
Conference on Environment and Development which is ex-
pected to result in a number of international environmental 
protection policies. China currently ranks third in the world 
in emissions of carbon dioxide from fuel burning. 

#1St 
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ENVIRONMENT 

COAL TAR FROM OLD GASIFIER FACILITIES POSES 
ENVIRONMENTAL PROBLEM 

Before World War II manufactured gas plants were a 
prevalent source of gaseous fuel. Coal was partially oxidized 
in a retort to produce combustible fuel gas. The residues 
from the process, coal tars primarily, were placed in storage 
structures on the plant site or stored at off-site waste 
facilities. Before 1970, there was no regulation for the dis-
posal of such wastes. Now, however, with the environmental 
legislation passed since 1970, the contamination of soils and 
groundwater from these old gasifier sites is under investiga-
tion. 

The coal tar from the 1940s poses a major environmental 
problem for the state of Illinois. The state has at least 
150 former manufactured gas plants. One, called the Taylor-
vine site, has been designated as a $12 million superfund 
cleanup site. This 100-year old plant site contains leaking 
coal tar storage structures from which toxins seep, threaten-
ing groundwater and soil contamination. The Illinois En-
vironmental Protection Agency and Central Illinois Public 
Service (CII'S) have begun detoxifying measures to remove 
toxins from water and soils. The measures include securing 
storage structures and using the latest cleanup techniques to 
detoxify the soils and groundwater. 

CIPS has lawsuits against both former and present insurance 
companies saying it is entitled to full indemnification for all 
costs incurred at two manufactured gas plant sites. Last 
November a verdict was returned stating only one out of

forty insurance companies involved in the lawsuits was liable 
for damages incurred at the Taylorville site. At that time, no 
dollar amount was set. 

The Illinois Commerce Commission (ICC) has begun public 
hearings to discuss who will pay for the waste disposal deci-
sions, 111cc those at Taylorville, made in the 1940s. Both spe-
cial interest groups and the utilities have preferences in the 
matter. Special interest groups in Illinois advocate treating 
the expenses of cleanup as corporate losses, allowing the 
companies to write off the expense while minimizing costs to 
the consumer. The utilities advocate passing the cleanup 
costs on to the rate payers as a normal cost of doing busi-
ness. This latter policy is common business practice today, 
where the environmental remediation of the plant site is an-
ticipated and figured into the actual cost of operations. 

There are two methods to recoup costs when remediation is 
absorbed by the rate payers. One is imposing a tariff on fuel 
costs, while the other includes an amortized balance in the 
rate base incurred. The tariff rider is a cost-recovery 
mechanism that is similar to that used by Illinois utilities to 
recover fuel costs. For each rate class, a monthly charge is 
added on a per-unit basis to each bill. The other method of 
cost recovery is by rate base. After calculating the entire 
cost of the cleanup, the balance is amortized over a given 
period of time. Ultimately, it is up to the ICC to decide this 
issue, which will impact consumers and utilities for the next 
several decades.

#1## 
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RESOURCE 

COAL PRODUCTION FORECAST TO REACH NEW 
RECORD IN 1992 

According to National Coal Association (NCA) president 
R.L. Lawson, United States coal production is forecast to in-
crease in 1992 to 1.029 billion tons, a level equal to the all-
time record production of 1990, and 31 million tons more 
than the 1991 level of 998 million tons. 

Coal consumption in 1992, including coal for export, is ex-
pected to increase 2.5 percent to 1.026 billion tons, also a 
record high level. The increases will be driven by an increase 
in coal use by utilities and new demands for export coal, ac-
cording to Lawson. 

The forecast is based upon a relatively weak recovery in 1992 
with stronger economic growth in the second half of the 
year. Gross national product (ON?) is expected to be up by 
2.4 percent for the year. The outlook for GNP growth in 
1992 ranges from a 1.4 percent annual rate to a 3.0 percent 
annual rate. 

The NCA forecast is summarized in Table 1. 

Production 

Coal production should increase by 23 percent in 1992 
returning to the level reached in 1990, and the East to West 
shift will continue in 1992. Production in the East, at 
609 million tons, will be higher than in 1991 but still lower 
than the 631 million tons mined in 1990. Western produc-
tion will continue to increase, reaching 420 million tons in 
1992 with the greater share of the new production coming 
from the subbituminous coal fields. 

Electric Utilities Consumption 

Electric utilities have been and remain coal's largest single 
market. In 1991, 776 million tons of coal, 4 million more 
than in 1990, were used to generate 55.1 percent of the 
electricity produced by the nation's utilities. 

In 1992, industrial demands for electricity should improve 
with an increase in manufacturing. Given normal weather 
patterns, generation by utilities is expected to increase by 
23 percent this year. 

In 1992 utility coal consumption will increase by 18 million 
tons to 794 million tons. Market share will approximate 
55 percent. Nuclear power, as well as an increase in gas-
fired generation, could put a damper on coal's share of the 
market in some regions, most notably in the South Atlantic 
region which is traditionally a heavy coal user. There will be 
an increase in coal consumption in all regions except the

New England-Mid-Atlantic regions where consumption will 
remain stable. 

Nonutility generator (NUG) generation increased from 
40,000 gigawatt-hours in 1985 to approximately 
116,000 gigawatt-hours in 1990 (4 percent of generation) and 
is an especially important factor in the electric market in 
New England, West South Central and the Pacific regions. 

Most new capacity scheduled to come on-line during 1992 is 
NUG capacity and much of this will be fueled by gas, wood, 
waste or refuse. NUG coal capacity, however, is expected to 
come on-line in 1992 in New England and in the South Atlan-
tic region. During 1992, NUG generation is expected to to-
tal 127,000 gigawatt-hours. 

Metallurgical Coal Consumption 

Use of metallurgical coal in the United States in 1992 is ex-
pected to show slight improvement over 1991 levels, when 
coal use was adversely affected by a decline in raw steel 
production. 

Coking coal consumption is estimated to be 34 million tons 
in 1991, down 6 million tons from 1990. Slightly higher steel 
production levels in 1992 should mean slightly higher pig 
iron and coke production and thus met coal consumption. 
The demand for met coal should increase to 36 million tons 
in 1992, but with a stronger economy than forecast could go 
as high as 38 million tons. 

Industrial/Retail Consumption 

Coal use by industry and for residential/commercial use, 
which was 83 million tons in 1990, will approximate 
82 million tons in both 1991 and 1992. Most of the industrial 
coal continues to be used in the East North Central and 
West North Central regions and in selected states in the 
South. In the West, Texas and North Dakota are large in-
dustrial coal users. Kentucky and West Virginia dominate as 
sources of industrial coal in the East. 

There has been a decrease in direct energy use in the in-
dustrial sector in 1991 with use of all fuels declining. Energy 
use in this sector is expected to be sluggish well into 1992. 

Coal Exports 

World coal trade has been up, at least marginally, in each of 
the past several years and the United States has been in a 
good position to take advantage of this increase in demand 
for coal on the international market. 

In 1991, world trade in steam and met coal was ap-
proximately 450 million tons, approximately 5 million to 
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TABLE 1 

NATIONAL COAL ASSOCIATION 1992 FORECAST 
(Millions of Tons) 

1989 1990 1991 1992 
Cate2orv Final Final Estimated Forecast 

Domestic Consumption 
Electric Utilities 767 772 776 794 
Coking Coal 41 40 34 36 
Industrial and Retail 82 83 82 82 

Total Domestic Markets 891 895 892 912 

Exports 
Canada: Steam 10 11 8 9 

Metallurgical 7 4 5 6 
Total 17 15 13 15 

Overseas: Steam 26 32 36 40 
Metallurgical 58 59 60 59 

Total 84 91 96 99 

Total Exports 101 106 109 114 

Total Consumption 991 1,001 1,001 1,026 

Consumers' Stock Change -12 21 4 10 

Total Demand 979 1,022 997 1,036 

Production 
East 599 631 592 609 
West 382 398 405 420 

Total U.S. 981 1,029 998 1,029 

Producer Stock Change -1 4 4 4 
Imports 3 3 3 3 

Total Supply 985 1,028 997 1,036 

Coke Imports 3 3 1 1

Note:	 All data include anthracite 

10 million tons higher than in 1990, according to a report 
issued by the International Energy Agency's Coal Industry 
Advisory Board. Metallurgical trade remained at 
1990 levels, or at 200 million tons. All the increase was in 
the steam coal market, reaching almost 250 million tons in 
1991. Australia, Indonesia, Colombia and the United States 
increased exports of steam coal.

The United States, with a major quality advantage in the met 
coal market and ready availability of steam coal, has been a 
beneficiary of the increase in trade. In 1990, coal exports to-
taled 106 million tons, in 1991, exports totaled approximately 
109 million tons—the second highest level in history with the 
increase in the overseas market. Shipments to met coal cus-
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turners were about I million tons higher last year than in 
1990. 

The 1991 increase in United States steam coal shipments was 
all to European destinations. Denmark, France, the Nether- 
lands. Spain and the United Kingdom have all taken much 
more steam coal in 1991 than in 1990 and should continue 
this trend in 1992. Steam coal exports overseas will increase 
to 40 million tons with all the increase going to Europe.

In 1991, Europe took additional United States met coal, but 
Japan and Korea imported less United States coal than in 
1990. In 1992 met coal will decline by 1 million tons to 
59 million. 

In total in 1992, United States exports are expected to equal 
a record 114 million tons. 
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COAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Fourth International Power Generation Exhibition and Conference Power-Gen '91 held 
in Tampa, Florida, December 4-6,1991: 

Schmoe, LA., et al., "The Economics of Coal Gasification-Based Power" 

Simbeck, DR., et al., "Status and Issues of Coal Gasification-Based Electric Power Generation" 

Hester, J.C., "Performance Analysis of an Air Blown Fixed Bed Coal Gasification Integrated Combined Cycle Power Plant" 

MacGregor, P.R., et al., 'The Market Outlook for Integrated Gasification Combined Cycle Technology" 

Mueller, R., et al., "The Future of Integrated Coal Gasification Combined Cycle Power Plants" 

Roll, M., et al., "The Destec Coal Gasification Process and Bituminous Coals" 

Bayens, CA., et al., "Improvements in the Shell Coal Gasification Process, Reduce Costs for Power Generation" 

Horvath, A., et al., "Tampella IGCC Process: Cleaner and More Efficient Power from Solid Fuels' 

Mendez, I., et al., "Carbogas A European IGCC Project in Puertollano, Spain" 

Wischnewski, R., et al., "H'FW Coal Gasification and its Integration into the Combined Cycle Power Plant—KoBra" 

Goldbach, G., et al., "Advanced Power System Designs Utilizing the Hot Air Brayton Circle" 

Hauser, U., et al., Topping Gas Turbines for Coal Fired Plants" 

Brandt, D.E., et al., "FA"—Gas Turbine Technology Development Update" 

Sheldon, R., et al., "An Advanced Coal Conversion Process for Low Rank Western Coals" 

The following papers were presented at the Ninth International Conference on Coal Research held October 13-16, 1991 in 
Washington, D.C.: 

Whitehead, iC., et al., "Clean Use of Coal Via Gasification and Liquefaction" 

Maissa, P., et al., "The New Techniques in Coal Utilization for Electricity Generation" 

Dawes, 5G., et al., "Advanced Coal Burning Systems for Power Generation" 

Hodges, S., et al., "Hydrothermal Dewatering of Brown Coal Slurries: Fundamental Studies" 

Weinzierl, K., et al., "Gas/Steam Turbine Power Stations for Electricity Generation from Hard and Brown Coal" 

Femmer, U., et al., "The Brown Coal Industry in the Reunified Germany" 

The following papers were presented at the Energy-Sources Technology Conference and Exhibition held in Houston, Texas January 
26-30,1992: 

Greenhalafi, M.L., "Preliminary Test Data and Systems Analysis of a High-Pressure Coat Fuel Processor/Engine System 
Concept" 

Kakwani, R.M., et al., "Study for Coal-Water-Slurry Fuel Combustion in a High-Speed Diesel Engine" 
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McDowell, R.E., et al., "Design and Operation of a Medium Speed 12-Cylinder Coal-Fueled Diesel Engine" 

COAL - PATENTS 

"Process for Refining Coal-Derived Heavy Carbonaceous Materials," Kenichi Iwaguro, Tohru lwahashi, Katsuyuki Ohshima, Katsumi 
Satoh, Yoshihiko Sunami - Inventors, Kureha Kagalcu Kogyo K K, Sumikin Chemical Company Ltd., Sumitomo Metal Industries Ltd. 
all of Japan, United States Patent Number 5,066,384, November 19, 1991. A process for refining coal-derived heavy carbonaceous 
materials such as pitch to remove quinline insolubles therefrom is disclosed. The process comprises providing a coal-derived heavy 
carbonaceous material from which all the components having normal boiling points of 270°C or below and all or part of the com-
ponents having normal boiling points ranging from 270 to 360°C have been removed; heating the heavy carbonaceous material to 
make it fluid; mixing the heated carbonaceous material with a ketone solvent having a boiling point below 200°C for a period suffi-
cient to precipitate coarse insoluble particles in the mixture; separating the precipitated particles from the mixture; and removing the 
ketone solvent from the mixture, leaving a refined, coal-derived heavy carbonaceous material which is suitable for use in the produc-
tion of high-grade carbon stocks such as needle coke, carbon fibers, high-purity carbon, etc., and for use as an impregnant or binder 
pitch. 

"Cogeneration Process for Production of Energy and Iron Materials, Including Steel," John M. Lehto - Inventor, Northern States 
Power Company, United States Patent Number 5,066,325, November 19, 1991. A process and arrangement are provided for the effi-
cient generation of energy from coal, while at the same time providing for a relatively inexpensive step in processing of iron or steel, 
and the extraction of valuable materials such as oils from coal. An advantage to the process is that relatively low quality coals can be 
utilized, because the coal is pretreated before any burning operation. Generally, the process involves three interacting stages. In the 
first stage, a coal liquefaction/pyrolysis procedure is utilized to drive off volatiles, and form a very low volatile char. The volatiles can 
be collected and utilized as a valuable oil product, such as for diesel fuel or the like. The char material is preferably pelletized and 
utilized as a reductant, in a second stage of iron reduction and melting. Preferably the iron reduction and melting operation is con-
ducted in a pressurized cupola and the high pressure hot product gases are utilized directly and/or indirectly, to generate electricity in 
Stage Three, and to produce hot steam for use in driving certain portions of Stages One and Two. High pressure product gases have 
a greater energy content than gases at atmospheric pressure and facilitate more efficient production of electricity in Stage Three. 
Problems of handling molten iron from a pressurized cupola are solved using the pressure to drive the molten iron up a vertical tap 
mechanism. The weight of the metal offsets the pressure as the metal rises so that the metal is driven up to a point at which the 
metal's pressure is decreased to atmospheric pressure. Also, preferably steel is formed from the reduced iron product of Stage Two. 
Also, preferably slag formed during the process is converted to a fiber product. 

"Method for Recovering Light Hydrocarbons from Coal Agglomerates," August D. Benz, John Getsoian, Horst Huettenhain - Inven-
tors, Arcanum Corporation; Bechtel Group Inc. United States Patent Number 5,066,310, November 19, 1991. A method and ap-
paratus for removing light hydrocarbons, such as heptane, from coal agglomerates includes an enclosed chamber having a substan-
tially horizontal perforate surface therein. The coal agglomerates are introduced into a water bath within the chamber. The ag-
glomerates are advanced over the surface while steam is substantially continuously introduced through the surface into the water 
bath. Steam heats the water and causes volatilization of the light hydrocarbons, which may be collected from the overhead of the 
chamber. The resulting agglomerates may be collected at the opposite end from the surface and subjected to final draining processes 
prior to transportation or use. 

"Process for the Allothermic Gasification of Coal," Gunther Gappa, Heinrich Kalwitzki, Klaus Knop, Helmut Kubiak, Hans J. 
Schroter - Inventors, Bergwerksverband GmbH, Denmark, United States Patent Number 5,064,444, November 12, 1991. A process is 
disclosed for altothermic gasification of coal under pressure with water vapor in a gas generator containing heat-exchange tubes for a 
heat transfer medium. The hot heat transfer medium that enters the gas generator by the heat-exchange tubes is first introduced in 
the gasification zone, then in the pyrolysis zone. The coal to be gasified flows countercurrently through the gas generator, so that the 
current of cooled heat transfer medium is used for heating and pyrolyzing the coal, whereas the heat for gasification is taken from the 
current of the still hot heat transfer medium. Gas generators vertically or horizontally arranged with fitting designs are used for im-
plementation of the process. 

"Apparatus for Production of Energy and Iron Materials, Including Steel," John M. Lehto, Raymond L. Smith - Inventors, Northern 
States Power Company, United States Patent Number 5,064,174, November 12, 1991. A process and arrangement are provided for 
the efficient generation of energy from coal, while at the same time providing for a relatively inexpensive step in processing of iron or 
steel, and the extraction of valuable materials such as oils from coal. An advantage to the process is that relatively low quality coals 
can be utilized, because the coal is pretreated before any burning operation. Generally, the process involves three interacting stages. 
In the first stage, a coal liquefaction/pyrolysis procedure is utilized to drive off volatiles, and form a very low volatile char. The 
volatiles can be collected and utilized as a valuable oil product, such as for diesel fuel or the like. The char material is preferably pel-
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letized and utilized as a reductant, in a second stage of iron reduction and melting. Preferably the iron reduction and melting opera-
tion is conducted in a cupola and the hot product gases are utilized directly and/or indirectly, to generate electricity in Stage Three, 
and to produce hot steam for use in driving certain portions of Stages One and Two. Also, preferably steel is formed from the 
reduced iron product in Stage Two. Preferred arrangements for generating steel are shown. 

"Method for Repowering Existing Electric Power Plant," Albert Calderon - Inventor, Calderon Automation Inc., United States Patent 
Number 5,063,732, November 12, 1991. A method for the repowering of an existing coal-fired facility used in the generation of 
electric power which makes the facility more efficient while reducing its emissions in a cost-effective manner using the following steps: 
a) processing the coal in use to coproduce a clean liquid fuel and a clean low BTU gas; b) replacing the pulverized coal burners of the 
boiler contained in the facility with burners adapted to burn low-BTU gas; c) burning clean low-ETU gas in the boiler instead of coal; 
d) making up the derate of the boiler by the addition of efficient combined cycle power generation; and e) crediting the revenue 
derived from the sale of the liquid fuel coproduced to the existing facility to render such repowering commercially viable. 

"Process for Upgrading Coal," Walter D. Hart, Robert A. Meyers, Leslie J. Van Nice (deceased), Leslie J. Van Nice Heir, TRW Inc., 
United States Patent Number 5,059,307, October 22, 1991. In a process for reducing the sulfur and ash contents of coal, coal is se-
quentially contacted with fused alkali metal caustic, water, carbonic acid, and a strong acid. Caustic removed from the coal by the 
water and the carbon acid is recovered as anhydrous caustic for again contacting coal. 

"Hydropyrolysis-Gasification of Carbonaceous Material," Martin L. Gorbaty, Peter S. Maa - Inventors, Exxon Research and Engineer-
ing Company, United States Patent Number 5,055,181, October 8, 1991. Disclosed is a process for obtaining liquids and gases from 
carbonaceous material, such as coal. The carbonaceous material is first treated with a gasification catalyst, and optionally a 
hydrogenation catalyst, and hydropyrolyzed for an effective residence time, below the critical temperature at which methane begins to 
rapidly form, to make liquid products. The resulting char is gasified in the presence of steam at a temperature from about 500 to 
about 900°C. 

"Cogeneration Process for Production of Energy and Iron Materials," John M. Lehto - Inventor, Northern States Power Company, 
United States Patent Number 5,055,131, October 8, 1991. A process and arrangement are provided for the efficient generation of 
energy from coal, while at the same time providing for a relatively inexpensive step in processing of iron or steel, and the extraction of 
valuable materials such as oils from coal. An advantage to the process is that relatively low quality coals can be utilized, because the 
coal is pretreated before any burning operation. Generally, the process involves three interacting stages. In the first stage, a coal 
liquefaction/pyrolysis procedure is utilized to drive off volatiles, and form a very low volatile char. The volatiles can be collected and 
utilized as a valuable oil product, such as for diesel fuel or the like. The char material is preferably pelletized and utilized as a reduc-
tant, in a second stage of iron reduction and melting. Preferably the iron reduction and melting operation is conducted in a cupola 
and the hot product gases are utilized directly and/or indirectly, to generate electricity in Stage Three, and to produce hot steam for 
use in driving certain portions of Stages One and Two. 

"Catalytic Two-Stage Coal liquefaction Process having Improved Nitrogen Removal," Alfred G. Comolli - Inventor, IIRI Inc., United 
States Patent Number 5,045,180, September 3, 1991. A process for catalytic multi-stage hydrogenation and liquefaction of coal to 
produce high yields of low-boiling hydrocarbon liquids containing low concentrations of nitrogen compounds. First stage catalytic 
reaction conditions are 700 to 800°F temperature, 100 to 3,500 psig hydrogen partial pressure, with the space velocity maintained in 
a critical range of 10 to 40 pounds coal per hour-ft' catalyst settled volume. The first stage catalyst has 03 to 1.2 cubic centimeters 
per gram total pore volume with at least 25 percent of the pore volume in pores having diameters of 200 to 2,000 angstroms. Second 
stage reaction conditions are 760 to 870°F temperature with space velocity exceeding that in the first stage reactor, so as to achieve 
increased hydrogenation yield of low-boiling hydrocarbon liquid products having at least 75 percent removal of nitrogen compounds 
from the coal-derived liquid products. 

'Cogeneration Process for Production of Energy and Iron Materials, Including Steel," John M. Lehto - Inventor, Northern States 
Power Company, United States Patent Number 5,045,112, September 3, 1991. A process and arrangement are provided for the effi-
cient generation of energy from coal, while at the same time providing for a relatively inexpensive step in processing of iron or steel, 
and the extraction of valuable materials such as oils from coal. An advantage to the process is that relatively low quality coals can be 
utilized, because the coal is pretreated before any burning operation. Generally, the process involves three interacting stages. In the 
first stage, a coal liquefaction/pyrolysis procedure is utilized to drive off volatiles, and form a very low volatile char. The volatiles can 
be collected and utilized as a valuable oil product, such as for diesel fuel or the like. The char material is preferably pelletized and 
utilized as a reductant, in a second stage of iron reduction and melting. Preferably the iron reduction and melting operation is con-
ducted in a pressurized cupola and the high pressure hot product gases are utilized directly and/or indirectly, to generate electricity in 
Stage Three, and to produce hot steam for use in driving certain portions of Stages One and Two. High pressure product gases have 
a greater energy content than gases at atmospheric pressure and facilitate more efficient production of electricity in Stage Three. 
Problems of handling molten iron from a pressurized cupola are solved using the pressure to drive the molten iron up a vertical tap 
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mechanism. The weight of the metal offsets the pressure as the metal rises so that the metal is driven up to a point at which the 
metal's pressure is decreased to atmospheric pressure. Also, preferably steel is formed from the reduced iron product of Stage Two. 
Preferred arrangements for generating steel are shown. 

"Stabilized Suspensions of Carbon or Carbonaceous Fuel Particles in Water," Leonard J. Keller - Inventor, Keller Corporation, 
United States Patent Number 5,045,087, September 3, 1991. A method of preparing a stabilized or partially stabilized suspension of 
particles of carbon or of carbonaceous fuel materials in water characterized by comminuting coal (or other carbonaceous material) to 
form predetermined sized particles and coating the particles with at least a partial external coating of attached alcohol molecules of a 
alcohols having from I to 4 carbon atoms and thereafter admixing the alcohol coated particles with water to form the substantially 
uniform suspensoid of high solids content for use as a fuel for direct combustion, or as a feedstock for atmospheric pressure gasifiers 
or for pressurized gasifiers, or as a transport fluid to facilitate transportation of carbonaceous fuels by pipeline or by other fluid han-
dling means. The suspensoid can contain up to 75 percent by weight coal, but contains less than 8 percent by weight alcohol. In a 
preferred embodiment, coal particles are first compacted and then comminuted to the predetermined particle size range to form an 
abundance of platey, lenticular, irregular and angular particles for forming a mechanically stabilized suspensoid, after coating with al-
cohol molecules and mixing with water, that exhibits the property of shear thinning so as to be pumpable or flowable with a lower ap-
parent viscosity than the at rest viscosity of the suspensoid fluid. Also disclosed are specific details of the method and preferred em-
bodiments, including the composition of the suspensoid materials.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since September 1991) 

ACME COAL GASIFICATION DESULFURING PROCESS - ACME Power Company (C-9) 

American Plastics and Chemicals, Inc. (APAC), based in Los Angeles, California, signed an agreement in 1990 to acquire the Acme 
Power Plant located in Sheridan, Wyoming. The Acme facility is a 12 megawatt coal-fired steam plant, which has been idle since 
1977 when it was shut down in anticipation of a new nuclear power generating plant. 

APAC has formed Acme Power Company, a wholly-owned subsidiary, which will bring the Acme plant up to current environmental 
standards with appropriate emission controls prior to bringing it back on-line. The plant will initially operate in a conventional 
mode, using locally purchased coal. In addition to providing revenue through electric power sales, the plant, with its modular 
design, will provide for a long term commercial demonstration of the desulfurizing coal gasification process which APAC has op-
tioned. 

The project will demonstrate the commercial viability of the desulfurizing gasification technology and make it ready for the retrofit 
of other coal-fired facilities. 

The APAC coal gasification process can emphasize either acetylene production or power generation, depending on the coal-to-
limestone ratio used. Increasing the limestone component produces byproduct calcium carbide, from which acetylene can be 
produced. Increasing the coal component results in byproduct calcium sulfide. 

APAC's consulting engineers estimate that it will take about one year to bring the plant on-line after power sale contracts, environ-
mental permits, and project financing have been put in place. 

Project Cost: Undisclosed 

ADVANCED COAL LIQUEFACTION PILOT PLANT AT WII.SONVILLE - Electric Power Research Institute (EPRI) and 
United States Department of Energy (DOE) (C-10) 

EPRJ assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. The Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program evolved over the years in terms 
of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtration 
which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at Wil-
sonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ITSL) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the 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 cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was confirmed in tests which used a truly coupled, two-stage thermal-
catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based catalyst (AMOCAT 1-C) was 
developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was increased by 60 to 90 percent over 
previous operations, while catalyst productivity doubled. Furthermore, an improved configuration was developed and proven out, 
whereby only the net vacuum bottoms are deashed, thereby reducing the equipment size substantially. 

Recent work emphasized identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Texas) lignite. The Ohio coal run results suggest that deep cleaning of the coal prior to li-
quefaction can increase distillate yield by 7-8 percent.
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Work using the Amocat catalyst indicated the need to improve first stage reactor design. This led to modification of the LID 
criteria which resulted in increased productivity corresponding to improved mixing. This improvement was also demonstrated with 
low-rank (Powder River Basin) coal. Further im provements for low-rank coal li quefaction were demonstrated usin g dispersed 

Project Cost: Construction and operating costs (through calendar 1990): $139 million 

ADVANCED POWER GENERATION SYSTEM - British Coal Corporation, United Kingdom Department of Energy, European Com-
mission, PowerGen, GEC/Alsthom (C-is) 

British Coal Corporation is carrying out a research program to develop an advanced coal fired power generation system. In this 
system coal is gasified to produce a fuel gas which is used to drive a gas turbine. The waste heat recovery from the gas turbine is 
then integrated with a fluidized bed combustion steam turbine cycle. 

The integrated system is expected to have an efficiency of about 45 percent 

At present the different technologies are being developed separately. A 12 tonne per day, air blown, pressurized, spouted bed 
gasifier developed at the Coal Research Establishment, Gloucestershire, started operating in 1990. This is providing design data 
for the next scale of plant (L tonne/hr). 

The combustor, necessary to optimize the steam cycle and to burn unconverted carbon from the gasifier, can be either a CFBC or a 
PFBC. A 12 tonne per day CFBC is being built, for operation in 1991, alongside the gasifier. 

At Grimethorpe, British Coal's large scale experimental PFBC is producing a coal derived gas which is passed through an ex-
perimental gas turbine. In conventional PFBC, coal is burned under pressure and the hot pressurized gases are fed directly into a 
gas turbine. However the operating temperature of a PFBC is usually only about &50 PC to avoid sintering of the ash. This com-
paratively low temperature at the ens turbine inlet limits efficiency. 

To overcome this, British Coal engineers proposed a to cycle. It entails burning a fuel gas in the hot PFBC combustion gas in 
the gas turbine combustor, It  temperature to 1,260°C or more. In the current Grimethorpe experiment the fuel gas is propane. 
In due course it will be provided by the 15 tonne per hour gasifier. 

The gas turbine operation is funded by British Coal, United Kingdom Department of Energy, PowerGen, GEC/Alsthom and 
EPR1. The gasifier work is funded by British Coal and the European Community. 

ABC! AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-20) 

AECI operates a iCO ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of 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 1(21's low pres-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

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" is currently being evaluated as a diesel fuel replacement in a number of countries. 

ABC! 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 in this area has been suspended. 

Project Cost: Not disclosed
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

AMAX/EMRC MILD GASIFICATION DEMONSTRATION - AMAX, University of North Dakota Energy and Minerals Research 
Center (EMRC) (C-fl) 

AMAX is considering a 1,000 ton per day plant at its Chinook Mine in Indiana. A fast fluidized-bed reactor will be used For mild 
gasification of this caking coal. It is planned to produce a diesel type fuel, as well as pure chemicals such as benzene and phenol. 

AMAX conducted prefeasibility studies and concluded that favorable economics depend upon upgrading the mild gasification chars 
to a higher value product. This is because char has lower volatile mattercontent and higher ash content than the starting coal. 
These characteristics make char a low value utility fuel. The char will be cleaned by simple physical methods, then further 
processed into a metallurgical coke substitute (pellets or briquettes) and possibly to activated carbon for the pollution control in- 
dustry. The location of this project offers distinct marketing advantages for these products. 

A 100 pound per hour mild gasification process demonstration unit was started up at the Energy and Environmental Research Cen-
ter in Grand Forks, North Dakota in the fall of 1990. 

BEWAG GCC PROJECT - BEWAG AG, flAB Energie-Anlagen Berlin GmbH, Ruhrkohle Oel und Gas GmbH, and Lurgi GmbH 
(C-35)

BEWAG AG of Berlin, in cooperation with others listed, has started to evaluate a project called 'Erection and testing of a GCC 
based demonstration plant.' 

The project's ultimate goal is the erection of a 195 megawatt pressurized circulating fluidized bed (CFB) combined cycle power 
plant, with 95 megawatts obtained from the gasification, and 100 megawatts from the combustion section. As both sections may be 
operated individually, the 52 megawatt gas turbine could also operate on oil or natural gas. 

An engineering study to investigate the general feasibility of both pressurized CFB gasification and the coupling of pressurized 
CFB gasification with atmospheric (YB combustion was concluded in 1986. 

A second phase component testing program, costing DM12 million and supported by the German Ministry of Research and Tech-
nology, _- carried out by a working group made up of BEWAG/EAB (Berlin), Ruhrkohle Cell and Gas GmbH (Bottrop), and 
Lurgi GmbH (Frankfurt), under the project leadership of EAR Energie-Anlagen Berlin GmbH. 

In this study, the design risks of key components were eliminated by detailed tests at pressurized charging valves and the condenser 
for carbonized residues. The availability of hot gas cleaning was proved with test series at electrostatic precipitators and tube fil- 
ters. The now finished study allows the enlargement to a scaled up power plant. This power plant design shows a low grade of 
complexity on the gasification plant (a result of the thy procedure in gas cleaning) and minimized demand of coal and lime quality. 
The emission of exhaust fumes is reduced by the well known low emission of the CFB coal combustion and the high efficiency 
grade of the combined cycle. The only residues are flue gases and ash. The flue gas does not need to be after-treated. As a result 
of these characteristics, the stud y found a minimal risk for investment. 

BI-JEL COAL GASIFICATION PROJECT - Bharat Heavy Electricals Limited (India) (C-40) 

Bharat Heavy Electricals limited (BHEL), of Vikas Nagar, Hyderabad, lpdia, considers fluidized bed coal gasification as a long 
term perspective for combined cycle power generation. An 18 ton per day coal pilot scale process and equipment development unit 
(PEDU) has been built. 

BHEI, 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. 

BUEL's involvement in the development of coal gasification concerns the better and wider utilization of high ash, low grade Indian 
coals. The coals normally available for power generation are non-caking and have ash content in the range of 25 to 45 percent by 
weight. The coals have high. ash fusion temperature in the range 1,523-1,723 0K In the PEDU, coal is gasified by a mixture of air 
and steam at around 1,173  and at a pressure of 1.013 MPa. 

Phase I of the fluidized bed coal gasification test program in the pilot scale plant is continuing. The plant was commissioned in 
early 1989 and further test trials were conducted. 

In Phase II of the fluidized bed coal gasification program, basic engineering of a demonstration scale 150 ton per day coal capacity 
gasification plant has been completed. The demonstration plant will be integrated with the existing 6.2 megawatt electrical gas 
turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed
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DI tEL COMBINED CYCLE DEMONSTRATION PLANT - Bharat Heavy Electricals 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 lull 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-Bill coal gas, and a waste heat recovery steam generator behind the gas tur-
bine, which supplies a conventional steam turbine/generator. 

The plant was commissioned in March 1988 and has been in test operation since then, testing various coals with ash content in the 
25 to 40 percent range. 

The test program on this plant has been completed and the plant's performance has been evaluated. A comprehensive test 
program was initiated for exploiting the moving bed gasification technology For commercialization. 

Project Cost: Not disclosed 

BO1TROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG, Veba Oel AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Technology of 
Germany (C-60) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons raflinate oil were produced from 20,000 tons of coal in more than 2,000 operating 
hours. 

By this new mode of operation, the oil yield is increased to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 tons per cubic meter per hour. Furthermore high grade refined products are 
produced instead of crude oil. The integrated refining step causes the nitrogen and oxygen content in the total product oil to drop 
to approximately 100 ppm and the sulfur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-Ilolten to produce syngas and hydrogen. 

The development program of the Coal Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy oil process was finished at the end of 1987. The plant capacity is 9 tons/hour of coal or alternatively 24 
tons/hour of heavy vacuum residual oil. The first 'oil-in' took place at the end of January 1988. Since then approximately 325,000 
tons of heavy oil have been processed. A conversion rate over 90% 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, had 
been operating for more than 1,000 hours as of 1990. A five kilogram per hour CPU using "New German Technology" was intro-
duced from the Federal Republic of Germany. To study various coal liquefaction processes and operation conditions, a 1.8 
kilogram per hour slurry continuous liquefaction unit from Xytet Company of the United States was also installed. 

A 24 tons per day coal throughput gasifier was to be put in operation in late 1990. A demonstration plant will then follow in the 
next five years. 

At present, research is being carried out in the following areas: (1) evaluation of coal liquefaction characteristics; (2) suitability of 
coal for small-scale continuous liquefaction units; (3) selection and evaluation of catalysts, and (4) upgrading of coal liquefaction 
products. Tests have shown that some Chinese lignite and high-sulfur coal are ideal feedstocks for liquefaction. The high sulfur 
bituminous coal from Tengxian and Beisu of Shandong province have very good liquefaction behavior and the oil yield can reach 
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50 percent. The liquefaction behavior of lignite from Inner Mongolia and Yunan is also good. A NiMo catalyst, natural iron ore 
powder, ferrous disulfide, red mud from several aluminum factories and some compounds containing iron have been tested success-
fully. 

Research on indirect liquefaction, i.e., modification of the Fischer-Tropsch synthesis process is also being carried out by the Shanxi 
Research Institute of Coal Chemistry of the China Academy of Science. Based on laboratory study and tests in a single tube of 50 
millimeter diameter, a pilot test with an output of I® kilograms per day of synthetic oil underwent tests in a chemical fertilizer 
plant in 1990. 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle AG, Amoco (C-IC) 

British Coal has built a 2.5 tons per day pilot plant facility at its Point of Ayr site, near Holywell in North Wales utilizing its Liquid 
Solvent Extraction Process, a two-stage system for the production of gasoline and diesel from coal. In the process, a hot, coal-
derived solvent is mixed with coal. The solvent extract is filtered to remove ash and carbon residue, followed by 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. 

British Coal dries and pulverizes the coal, then slurries it with a hydrogen donor solvent. The coal slurry is pressurized and heated, 
then fed to a digester that dissolves up to 95 percent of the coal. The digest is cooled, depressurized and filtered to remove mineral 
matter and undissolved coal. A fraction of the solvent washes the filter cake to displace the coal extract solution; residual wash oil 
is recovered by a vacuum that dries the filter cake. 

The coal extract solution is then pressurized, mixed with hydrogen and heated before being fed to the ebullating bed hydrocracking 
reactors. 

The product from this stage is distilled to recover the recyclable solvent and produce LPG (propane and butane), naphtha and 
mid-distillate. A byproduct pitch stream is siphoned off although material in this boiling range is primarily returned to the digest-
ion stage as part of the solvent. The remaining streams consist of light hydrocarbon gases and heterogases formed from the 
nitrogen and sulfur in the coal. 

Project Cost: 20 million British pounds (1989 prices) construction cost plus 18 million British pounds (1989 prices) operating costs 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-SO) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 kg slurry per hour, with a coal to oil ratio of 40:60, and employs a H 2 pressure of 
25 MPa, and a temperature of 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefactioo strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage I and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35% and 55% 
(DAF) coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cubic centimeters) are used extensively in support of the continuous hydroliquefaction unit. Particular 
emphasis has been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (SHDI) has been 
developed and has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroli-
quefaction. The research has also been concerned with the upgrading (refining) of product syncrudes to specification transport 
fuels. Experimental studies have included hydrotreating, hydrocracking and reforming, for the production of gasoline, jet fuel and 
diesel fuel. Jet and diesel fuel combustion quality requirements, as indicated by smoke point and cetane number for example, have 
been achieved via severe hydrotreatment. Alternatively, less severe hydrotreatment and blending with suitable blendstocks has also 
proven effective. High octane unleaded gasolines have been readily produced via consecutive hydrotreating and reforming. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing special-
ized analytical methodology, particularly via 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.
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Project Cost: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-90)

A program is under way on mild gasification of coal to heavy oils, tars and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide range of tetperature (500 to 750 degrees C), coal particle residence time (10 seconds 
to 50 minutes), heatup rate (50 degrees C/second to ir degrees C/second) coal particle size (50 to 300 microns) and additives 
(slaked lime, recycle ash, silica flour, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. 
Four different types of coal have been tried, Kentucky No. 8 and Pittsburgh No. 8 bituminous coal, a Mississippi lignite and a 
Wyodak subbituminous. Generally the yields of oils from bituminous coals range between 20 .25 percent (MAP), and about 
15 percent for subbituminous coal. 

A process for producing clean carbon black and coproduct hydrogen-rich gas and liquid methanol competitive with current prices 
of oil and gas is being developed. The HYDROCARB process can use any carbonaceous feedstock including coal, char, biomass 
and municipal solid waste. HYDROCARB provides clean fuel for heat engines (turbines and diesels), and offers reduced CO  
emissions. 

Project Cost: $200,000 

CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company, United States Department of Energy (C-95) 

Calderon Energy Company is constructing a coal gasification process development unit. The Calderon process targets the clean 
production of electrical power with coproduction of fuel methanol. 

Phase I activity and Phase II, detailed design, have been completed. Construction of the process development unit (PDU) was 
completed in 1990. Test operation began in October 1990 and ran at 50 percent capacity during the early stages. 

The PDU will demonstrate the Calderon gasification process. In the process, run-of-mine high sulfur coal is first pyrolyzed to 
recover a rich gas (medium BTU), after which the resulting char is subjected to 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 combind cycle power generation plant. The PDU is 
specified for an operating pressure of 350 psig as would be required to support combined cycle power production. 

The pilot project, designed to process 25 tons of coal per day, is expected to operate for six to twelve months while operating data 
is gathered and any "bugs" in the system are worked out. 

The federal government has contributed $12 million toward project costs, with another $13 million coming from the Ohio Coal 
Development Office. 

Calderon Energy has obtained certification from the Federal Energy Regulatory Commission as a Qualifying Facility for a commer-
cial site in Bowling Green, Ohio. Calderon filed a proposal under the Clean Coal Technology program Round 3 to build a 
cogeneration facility supplying 87 megawatts of electricity and 613 tons of methanol per day. The project did not receive funding, 
however, in Round 3 or 4. A preliminary design and cost estimate has been prepared by Bechtel. Calderon is negotiating with 
Toledo Edison to sell the electricity which would be produced. 

Project Cost: Total Cost $242 million, PDU $20 million 

CAN DO PROJECT - Continental Energy Associates (C-100) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazie 
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 (SEC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility has been converted into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the original 
facility and in new gasifiers is being used to fuel turbines to produce electricity. The electricity will be purchased by the Pennsyl-
vania Power & Light Company over a 20-year period. Steam is also produced which is available to industries within Humboldt In-
dustrial Park at a cost well below the cost of in-house steam production.

SYNTHETIC FUELS REPORT, MARCH 1992 
4-52



STATUS OF COAL PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 

CLIARFUEL PROJECT - Wyoming Coal Refining Systems, Inc., a subsidiary of Carbon Fuels Corporation (C-ito) 

Wyoming Coal Refining Systems, Inc. (WCRS) has secured about half the financing required for a 150 ton per day Charfuel project 
at the Dave Johnston Power Plant near Glenrock, Wyoming. The plant would include gas processing and aromatic naphtha 
recovery with off-site hydrotreating and product quality verification. 

The State of Wyoming has contributed $8 million and has committed to provide an additional $85 million in assistance, contingent 
on WCRS raising a certain amount of private capital. WCRS has secured over $4 million in capital and contributions. 

WCRS has solicited the U.S. Department of Energy for funding under the Clean Coal Technology program but was turned down 
for sunoort in Round 4 of the program in 1991. 

The project involves demonstrating a coal refining process. The first step is 'hydrodisproportionation' which the company says is 
based on short residence time flash volatilization. Resulting char may be mixed back with process-derived liquid hydrocarbons to 
make a stable, high-BTU, pipetineable slurry fuel. This compliance fuel could be burned in coal-fired or modified oil-fired burners. 
The char can also be used as a feedstock for integrated combined cycle gasification (10CC). Additional products manufactured 
during the refining process would include ammonia, sulfur, methanol, MTBE, BTX, and aromatic naphtha. 

WCRS has completed a program which verified the design of the injector/mixer system. This work was cofunded by the Depart-
ment of Energy and conducted at the Western Research Institute in Laramie, Wyoming. WCRS is presently in the design phase of 
an 18 ton per day pilot unit which will integrate the Charfuel hydrocracker with commercially available processes to optimize the 
operating conditions for the 150 ton per day project as well as commercial facilities. 

Project Cost: $243 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-120) 

Tennessee Eastman Company, a manufacturing unit of Eastman Chemical Company, operates its chemicals from coal complex at 
Kingsport, Tennessee at the design rate of 1,100 short tons per day. The Texaco coal gasification process is used to produce the 
synthesis gas for manufacture of 1.2 billion pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are produced 
as intermediate chemicals, and sulfur is recovered and sold. 

The completion of a $200 million expansion program in October 1991 added two new chemical plants to the original complex, dou-
bling its output of acetyl chemicals from coal. 

Project Cost: Unavailable 

CHINA ASH AGGLOMERATING GASIFIER PROJECT - The Institute of Coal Chemistry, China (C-123) 

The Institute of Coal Chemistry (ICC) of the Chinese Academy of Sciences is developing an ash agglomerating coal gasification 
process. The process is applicable to a wide range of coals including those with high ash content and high ash fusion temperature. 

In 1983, a small scale pilot gasifier, or PDU, was set up. At first, different coals were gasified with air/steam as gasifying agents to 
make low heating value gas for industry. Later, coals were gasified with oxygen/steam to make synthetic gas for chemical synthesis. 
A pilot scale gasification system of 24 tons per day coat throughput was scheduled for startup in late 1990. 

The gasifier is a cylindrical column of 03 meter inside diameter with a conical gas distributor and central jet tube on the bottom. 
The enlarged upper section is 0.45 meter inside diameter in order to settle out the gas-entrained coarse particles. The total height 
of the gasifier is about 7.5 meters. 

Fredried coal is blown into the gasifier after passing through the lockhopper and weighing system. Preheated air/steam (or 
oxygen/steam) enters the gasifier separately through a gas distributor and central jet tube. The coat particles are mixed with hot 
bed materials and decomposed to gas and char. Because of the central jet, there is high temperature zone in the dense bed in 
which the ash is agglomerated into larger and heavier particles. The product gas passes through two cyclones in series to separate 
the entrained fine particles. Then the gas is scrubbed and collected particles are recycled into the gasifier through standpipes. The 
fines recycle and ash agglomeration make the process efficiency very high.
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Based on the PDU data and cold model data, a 1 meter inside diameter gasifier system was designed and constructed. It is to be 
operated at atmospheric pressure to 03 MPa with a coal feed rate of I ton per hour. 

CIGAS GASIFICATION PROCESS PROJECT - Fundacao de Ciencia e Tecnologia—CIEWFEC (C-130) 

The ClOAkS 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 ale known to be available and commercially tested for Brazilian coals. 

The CIGAS Process research and development program has been planned for the interval from 1976 to 1998. In 1977 an atmos-
pheric bench scale reactor was built, from which were obtained the first gasification data for Brazilian coals in a fluidized bed reac-
tor. In 1978 a feasibility study was completed for the utilization of gas generated as industrial fuel. Next the first pressurized reac-
tor in Latin America was built in bench scale, and the first results for pressurized coal gasification were obtained. 

In 1979 the first atmospheric fluidized bed pilot scale unit was assembled (with a throughput of 7.2 tons per day of coal). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 03 tons per day of coal). The plant was fully 
operational in 1982. In 1984 the pressurized plant capacity was enlarged to 23 tons per day of processed coal and at the same time 
air was replaced by oxygen in the atmospheric plant. This unit started processing 17 tons per day of coal. 

In 1986 a unit was built to treat the liquid effluents generated throughout the process and studies on hot gas desulfurization were 
started in bench scale. By the end of 1988 pilot scale studies were finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1992 and in 1994 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 1998. 

Project Cost:	 US$6.0 million up to the end of 1988. The next stage of development will require US$8 million 

CIVOGAS ATMOSPHERIC GASIFICATION PILOT PLANT' - Fundacao de Ciencia e Technolgia - CIENTEC (0.133) 

The CIVOGAS process pilot plant is an atmospheric coal gasification plant with air and steam in a fluidized-bed reactor with a 
capacity of five gigajoules per hour of low-BTU gas. It was designed to process Brazilian coals at temperatures up to 
1,000 degrees C The pilot gasifier is about six meters high and 0.9 meters inner diameter. The bed height is usually 1.6 meters 
(maximum 2.0 meters). 

The CIVOGAS pilot plant has been successfully operating for approximately 10,000 hours since mid 1984 and has been working 
mainly with subbituminous coals with ash content between 35 to 55 percent weight (moisture-free). Cold gas yields for both coals 
are typically 65 and 50 percent respectively with a carbon conversion rate of 68 and 60 weight percent respectively. 

The best operating conditions to gasify low-rank coals in the fluidized bed have been found to be 1,000 degrees C, with the steam 
making up around 20 percent by weight of the air-steam mixture. 

Two different coals have been processed in the plant. The results obtained with Leao coal are significantly better than those for 
Candiota coal, the differences being mostly due to the relative contents of ash and moisture in the feedstock. 

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 CIEN'FEC researchers, the fluidized-bed distributor and the bottom char withdrawal system have been their main 
concerns, and much progress has been made. 

COALPLEX PROJECT - AECI (0.140) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures poly-vinyl chloride (PVC) 
and caustic soda from anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of 
ethylene was available from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. 
The five processes include calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide 
and water, brine electrolysis to make chlorine, hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl 
chloride; and vinyl chloride polymerization to PVC Of the five plants, the carbide, acetylene, and VCM plants represent the main 
differences between coal-based and conventional PVC technology. 

Project Cost: Not disclosed
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COCA-i 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 
I 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 it 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 Antioquia 
involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese study, this 
plant would be expanded in the 1990s to produce urea if financing is found. 

Project Cost: $20 million initial 
$200 million eventual 

CRE SPOUTED BED GASIFIER - British Coal, Otto-Simon Carves (C-190) 

A spouted fluidized bed process for making low.BTU fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CRE). A pilot plant has been built with a coal throughput of 12 tonnes per day. 

This project has been sponsored by the European Economic Community (EEC) under two separate demonstration grants. Results 
to date have established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 

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 85 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 efficncies on the order of 90 percent 
(mass basis) to be attained, and allowed gases to be produced with caloric values up to 73 Mum (dry, gross). 

Work on the 12 tonne per day pilot plant was directed towards providing design information for gasifiers operated at atmospheric 
pressure for industrial fuel gas applications. The aim was to develop a range of commercial gasifiers with a coal throughput typi-
cally of 24 to 100 tonnes per day. To this end a license agreement was signed by OSC Process Engineering Ltd. (OSC) to exploit 
the technology for industrial application.. Designs of commercial gasifiers are available and OSC together with British Coal are ac-
tively promoting the use of the technology in the United Kingdom process industries. 

Although OSC has yet to build the first commercial unit, they say interest has been shown from a large number of potential clients 
worldwide. 

The application of the process for power generation is also being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 45 percent are predicted. A contract with the 
EEC to develop a pressurized version was initiated in January 1989. The proposal is to link the gasifier to a char combustor to 
form what is known at the British Coal topping cycle.
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CRIB?! ENTRAINED FLOW GASIFIER PROJECT — Central Research Institute of Electric Power Industry (Japan), New Energy and 
Industrial Technology Development Organization (C-Wa) 

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 (14 ton per day process development unit) adopting a dry coal feed sys-
tem has been developed and successfully operated. This gasifier desiin will be employed as the prototype of the national 200 ton 
per day pilot plant. As of late ]j, the gasifier had been operated for 1.920 hours, and tested on 19 different coals. 

Research and development on a 200 ton per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively from 1986 and will be completed in 1993. 

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International 
Trade and Industry (Mn) and New Energy Development Organization (NEDO). They evaluated eight systems combining dif-
ferent methods of coal feed (dry/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant sys-
tern, from the standpoint of thermal efficiency, was determined to be composed of dry coal feed, airblown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot. 
gas cleanup systems. 

For the project to build a 200 ton per day entrained-flow coal gasification combined cycle pilot plant, the electric utilities have or-
ganized the *Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (IC) 0 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. Coat Gasification Tests beean in June 1991 with the or bin.',. 'wet-

Project Cost: 53 billion yen 

DELAWARE CLEAN ENERGY PROJECT — Texaco Syngas Inc., Star Enterprise, Delmarva Power & light, Mission Energy (C-208) 

Texaco Syngas Inc., Star Enterprise, a partnership between Texaco and Saudi Refining, Inc., Delmarva Power and Light Co. and 
Mission Energy have begun joint engineering and environmental studies for an integrated gasification combined cycle (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 over ZODD tons per day of high sulfur petroleum coke, a byproduct of the 
Star refinery, into clean, gaseous fuel to be used to produce about 200 MW of electrical power in both existing and new power gen-
erating equipment. 

Completion is planned for mid-1996 at an estimated cost of approximately $300 million (1990 dollars). 

The project has the potential to reduce substantially overall emissions at the Delaware City facilities, more than double the current 
electric output and make use of the coke byproduct from the oil refinery. :171he Phase I studies will require approximately one year 
to complete (in 1991) at an estimated cost of $6 million. 

The existing power plant would be upgraded and expanded and would continue to operate as a cogeneration facility. 

Project Cost:	 $250- 300 million (1989 dollars) 

DESTEC SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of Destec Energy, Inc. (C-210) 

The Destec Syngas Project, located in Plaquemine, Louisiana, began commercial operations in April, 1987, operating at rates up to 
105 percent of capacity. As of February 1992 the project has completed 22.043hours on coal. It has produced aZTh billion BTU 
of on-spec syngas and has reached 1.807.275 tons of coal processed. A 90-day consecutive production record of 71.2 percent 
capacity was reached in October 1990. A 30-day consecutive production record of 99 percent availability and 89 percent capacity 
factor was reached in February 1992. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion BTU per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium BTU synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-I acid gas removal system and Unocal's Selectox sulfur conversion unit are also used. Oxygen is supplied by Air 
Products.
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Construction of the plant was completed in 1987 by Dow Engineering Company. Each gasification module is sized to produce rye-
gas to power 150-200 megawatt combustion turbines. The project is owned and operated by Louisiana Gasification Technology In-
corporated, a wholly owned subsidiary of Houston-based Destec Energy, Inc., a subsidiary of The Dow Chemical Company. 

In this application, the Destec Svnaas Process and the associated process units have been optimized for the production of synthetic 
gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels Cor-
poration (now the Treasury Department) which is subject to the amount of gas produced by the project. The amount of the price 
guarantee is based on the market price of the natural gas and the production of the project. Maximum amount of the guarantee is 
$620 million. 

Project Cost: $72.8 million 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-215) 

The Nokota Company 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 
carton dioxide for enhanced oil recovery in the Williston and Powder River Basins. $20 million has been spent, and 12 years have 
been invested in site and feasibility studies. After thorough public and regulatory review by the state of North Dakota, air quality 
and conditional water use permits have been approved. The Bureau of Reclamation released the final Environmental Statement 
on February 26, 1988. 

In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel proven oil reserve. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. At full capacity, the plant will use 
the coal under approximately 390 acres of land (about 14.7 million tons) each year. Under North Dakota law, this land is required 
to be reclaimed and returned to equal or better productivity following mining. Nokota plans to work closely with local community 
leaders, informing them of the types and timing of socioeconomic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carton dioxide per day from 40,000 tons of lignite 
(Beulah.Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced. 

Existing product pipelines and rail facilities arc available to provide access to eastern markets for the project's output. Access to 
western markets for methanol through a new dedicated pipeline to Bellingham, Washington, is also feasible if West Coast market 
demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment would be about 1,600 personnel at the plant and 500 peraonnel in the adjacent coal 
mine. 

Nokota's schedule for the project is subject to receipt of all permits, approvals, and certifications required from federal, state, and 
local authorities and upon appropriate market conditions for methanol and other products from the proposed facility. 

Project Cost:	 $2.6 billion (Phase 1 and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
IQA billion (mine) 

ELSAM GASIFICATION COMBINED CYCLE PROJECT - Elsam (C-218) 

Elsam, the Danish utility for the western part of Denmark, in January 1991 submitted a proposal for the construction of a 315-
megawatt integrated gasification combined cycle (IGCC) power plant using the PRENFLO zasification technolozv. The utility 
proposes a 3-year test period under the Thermic program of the European Communities. 

The IGCC plant would be built as a joint project of the German Utility PreussenElektra and the Danish utility Sondeijytlands 
Hojspaendinvaerk. 

Commissioning is planned for 1995.
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ENCOAL LFC DEMONSTRATION PLANT - ENCOAL Corporation, United States Department of Energy (C-ni) 

ENCOAL Corporation, a wholly owned subsidiary of Shell Mining Company of Houston, Tens, received funding from the Depart-
ment of Energy's Clean Coal Technology Round 3 Program for a 1, ton per day mild gasification plant at Shell's Buckskin Mine 
in Northeastern Wyoming. The government will fund 50 percent of the proposed $72.6 million total cost. The demonstration plant 
will utilize the LFC technology developed by SGI International. 

The demonstration plant will be put in service in the second quarter of 1992. The plant is designed to be operated as a small com-
mercial facility and is expected to produce sufficient quantities of process derived fuel and coal derived liquids to conduct full scale 
test 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 was received from the Wyoming Department of Environmental Quality, Air Quality Division for the 
demonstration plant. It was approved on the basis of the use of best available technology for the control of SO ,, NO, CO, 
hydrocarbons and particulates. There will be no waste water and source water requirements will be very small. 

Ground was broken at the Buckskin mine site for the commercial process demonstration unit in late 1990. Work continued 
through the winter with the foundations being in place by early 1991. The principal machinery is being received and erected, all 
major subcontracts have been awarded and the contractors are on site. The plant will process 1,000 tons of coal per day and 
produce 150,000 barrels of liquids per year plus 180, 	 tons of upgraded solid fuel. 

Engineering, procurement and construction services are being provided by the M.W. Kellogg Company. SGI International will fur-
nish technical services. 

Estimated Project Cost:	 $72.6 million 

FREETOWN IGCC PROJECT - Texaco Syngas Inc., Commonwealth Energy and General Electric Company (C-223) 

The three companies have begun joint development of an electrical generating facility, using an integrated gasification combined 
cycle (IGCC) design, in Freetown, Massachusetts. The facility would be known as the Freetown Energy Park. 

The energy park will be located on a 600 acre site along the Taunton River owned by a subsidiary of Commonwealth Energy. 

Texaco Syngas will design the plant to use the Texaco Coal Gasification process and General Electric's high efficiency, gas turbines. 
The initial phase will produce 440 megawatts of power to be sold to New England utilities and gasify roughly 4,000 tons of coat per 
day. 

The plant will be one of the world's cleanest coal based power plants with emissions levels of particulates, SO and NO sig-
nificantly less than conventional coal plants and below state and federal emissions standards. 

The gasification process involves the injection of a coal-water slurry with oxygen into a pressurized vessel where partial oxidation of 
the coal occurs and synthesis gas is produced. The gas leaves the vessel through a water bath where ash and particulates are 
removed as slag. The cleaned gas is then directed to a sulfur removal system, which removes 98 percent of the sulfur prior to its 
use within the gas turbine. 

Using the syngas, the gas turbine produces electricity while exhausting high temperature exhaust gas to heat recovery steam genera-
tors. The heat recovery steam generators produce steam for use in a steam turbine which in turn produces additional electricity. 

Project startup is scheduled for late 1995 

FRONTIER ENERGY COPROCESSING PROJECT - Canadian Energy Developments, Kilburn International (C-225) 

Under the United States Department of Energy's Clean Coal Technology Round 3 Program, the Frontier Energy project received 
funding for the commercial demonstration of a state-of-the-an technology for the simultaneous conversion of high sulfur coal and 
heavy oil (bitumen) to low sulfur, lean burning, liquid hydrocarbon fuels plus the cogeneration of electricity for export. Two main 
liquid hydrocarbon products are produced, a naphtha fraction which can be used as a high value petrochemical feedstock or can be 
processed further into high octane motor fuel and low sulfur fuel oil that can be used to replace high sulfur coat in thermal power 
plants. Cogenerated electricity, surplus to the requirements of the demonstration plant, is exported to the utility electrical system. 

Frontier Energy is a venture involving Canadian Energy Developments of Edmonton, Alberta, Canada and Kilborn International 
Ltd. of Tucson, Arizona.
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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 (C57 
975 degrees F) distillate product. 

The CCLC Coprocessing technology is being developed by Canadian Energy Developments Inc. in association with the Alberta Of-
fice of Coal Research and Technology (AOCRT) and Gesellschaft fur Kohleverfiussigung GmbH (GfK) of Saarbrucken, West 
Germany. 

Two integrated and computerized process development units (PDU5), 18-22 pounds per hour feed rate, are currently being 
operated to confirm the technology in long duration runs, to generate operating data for the design of larger scale facilities and to 
produce sufficient quantities of clean distillate product for secondary hydrotreating studies and market assessment studies. 

Canadian Energy and GfK 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, barrels per day of Alberta heavy oil 

GE HOT GAS DESULFURIZATION - GE Environmental Services Inc. and Morgantown Ener gy Technology Center (C-2281 

During a 43 hour neriod in a 60 hour run the hot gas cleanup system achieved an overall sulfur removal of 95.5%. 

GERMAN 10CC POWERPLANr - Stadtwerke Duisburg (C-229) 

The r'roiect for Stadtwerke Duisburg in Germany is based on the 1.200 'lTD PRENFLO gasifier and two Siemens V64 gas tur-
bines. 

A detailed site-specific study was nerformed together with SiemensfKWU and Linde. Ca pacity is approximately 170 MWe. 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
GfK Gesellschaft fur Kohleverflussigung MbH (C-230) 

For the hydrogenation of heavy oils, mixtures of heavy oil and coal (Co-processing) and coals with low ash contents, OAt favors a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been found that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

On the 31st of December 1989, GFK terminated the operation of its pilot and bench-scale facilities. The further development, par-
ticularly the demonstration of the counter-flow-reactor on the pilot scale, is now pursued within a cooperation with East Germany's 
company Maschinen und Anlagenbau Grimma GmbH where an existing hydrogenation pilot-plant is presently being modified to 
the new concept. Operation be gan at the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS SYNFUELS PLANT - Dakota Gasification Company (C-240) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate the 
facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans called 
for a plant designed to produce 250 million cubic feet per day to be constructed by late 1981. However, problems in financing the 
plant delayed the project and in 1976 the plant design was reduced to 125 million cubic feet per day. A partnership named Great 
Plains Gasification Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) 
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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, F'ERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the synthetic natural gas (SNG) sold on 
an unregulated basis. In April 1981, an agreement was reached whereby the SNGwould be sold under a formula that would esca- 
late quarterly according to increases in the Producer Price Index with a cap equal to the energy-equivalent price of No. 2 Fuel Oil. 
During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a subsidiary of 
Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's interest and 23 percent 
from Transco. 

Full scale construction did not commence until August 6, 1981 when the United States Department of Energy (DOE) announced 
the approval of a $2.02 billion conditional commitment to guarantee loans for the project. This commitment was sufficient to cover 
the debt portion of the gasification plant, Great Plains' share of the coal mine associated with the plant, an SNG pipeline to con-
nect the plant to the interstate natural gas system, and a contingency for overruns. Final approval of the loan guarantee was 
received on January 29, 1982. The project sponsors were generally committed to providing one dollar of funding for each three dol-
lars received under the loan guarantee up to a maximum of $740 million of equity funds. 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor, i.e., a 
1373 million cubic foot per day design capacity) of high BTU pipeline quality SNG, 93 tons per day of ammonia, 88 tons per day of 
sulfur, 200 million cubic feet per day of carton dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products 
including tar oil, phenols, and naphtha to be used as fuels. Approximately 16,000 tons per day of North Dakota lignite were ex-
pected to be required as feedstock. 

In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The SNG is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline running into the eastern United States. 

In parallel with the above events, DOE and the Department of Justice (DOJ) filed suit in the District Court of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14, 1986 the North Dakota Court found the gas purchase agreements valid, that state law was not applicable and that plaintiffs 
(DOEfDOJ) were entitled to a summary judgment for foreclosure. A foreclosure sale was held and DOE obtained legal title to 
the plant and its assets on July 16, 1986. This decision was upheld by the United States Court of Appeals for the Eighth Circuit on 
January 14, 1987. On November 3, 1987, the Supreme Court denied a petition for a writ of certiorari. 

The North Dakota District Court also held that the defendant pipeline companies were liable to the plaintiffs (DOE/DOD 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 Bro& to help sell the Great Plains plant. In August, 1988 it was 
announced the Basin Electric Power Cooperative had submitted the winning bid for approximately $85 million up-front plus future 
profit-sharing with the government. Two new Basin subsidiaries, Dakota Gasification Company (DGC) and Dakota Coal Com-
pany, operate the plant and manage the mine respectively. Ownership of the plant was transferred on October 31, 1988. 

Under Dakota Gasification ownership, the plant has produced SNG at over 108 percent of design capacity.. 

In 1989 DGC began concentrating on developing revenue from byproducts. On February 15, 1991, a phenol recovery facility was 
completed. This project will produce 35 million pounds of phenol annually, providing manufacturers an ingredient for plywood and 
chipboard resins. The first railcar of phenol was shipped in January 1991. DGC has signed contracts with three firms to sell all of 
its output of crude cresylic acids, which it produces from its phenol recovery project. 

Construction of a facility to extract krypton/xenon from the synfuel plant's oxygen plant was completed in March 1991. Rare gases 
are to be marketed to the lighting industry starting in early 1991. DGC signed a 15-year agreement in 1989 with the Linde Division 
of Union Carbide Industrial Gases Inc. to sell all of the plant's production of the krypton/xenon mixture. The first shipment of the 
product occurred on March 15, 1991. Other byproducts being sold from the plant include anhydrous ammonia, sulfur and liquid 
nitrogen. Argon, carton dioxide, naphtha and cresote are also potential byproducts. 

In late 1990 DGC filed with the North Dakota State Health Department a revision to the applications to amend the Air Pollution 
Control Permit to Construct. The revised application defines the best available control technology to lower SO  and other emis-
sions at the plant.
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In late 1990, DCC and DOE initiated a lawsuit against the four pipeline company purchasers contracted to buy SNG. At the same 
time, these four pipeline companies filed separate arbitration proceedings. The issues in all of these proceedings involve: the ex-
tent of the pipeline firms' obligations to take and provide transportation for SNO; whether the sales price of SNG has been under-
stated; and whether there should have been a 1987 adjustment to the rate the plant charges the pipeline companies to transport 
their SNG to a point of interconnection on the Northern Border Pipeline system. 

Project Cost: $2.1 billion overall 

HOT GAS CLEANUP PROCESS - Southern Company Services, Inc. and United States Department of Energy (C-257) 

Southern Company Services, Inc. of Birmingham, Alabama in 1990 began a five-year, $46 million effort to develop advanced gas 
cleaning systems that could be the final link between advanced coal-fired power generating concepts and the commercial 
marketplace. 

Southern Company will build and operate a state-of-the-art test facility at Alabama Power Company's Wilsonville plant. When 
complete, this facility will be able to test innovative techniques for cleaning the gas produced by two advanced coal technologies-
pressurized fluidized bed combustion and gasification combined cycle systems. 

The new test facility at Wilsonville will move the hot cleanup techniques from laboratory research to integrated engineering tests. 
Actual gases from coal gasification or combustion will be used. 

A vessel will be built to create coal gases for the tests, consuming up to 2 tons a day of coal to create particulate-laden hot gases in 
an amount similar to what would be produced from a 2 to 3 megawatt power plant. Gases typical of both high pressurized combus-
tion and different methods of coal gasification will be produced. 

Researchers will be able to evaluate the performance of the cleanup devices while varying gas temperatures, gas pressures, particu-
late levels, particulate sizes and types of coal. 

Design and construction of the 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 support from the 
M. W. Kellogg Company and the Electric Power Research Institute, is providing the remaining $9.2 million. 

DOE is currently sponsoring two other coal research efforts at the Wilsonville plant, a test facility for coal liquefaction technology 
and a unit that cleans coal before it is used. 

Project Cost: $46 million 

HYCOL HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) 
(C-270) 

In Japan, the New Energy and Industrial Technology Development Organization (NEDO) has promoted coal gasification tech-
nologies based on the fluidized bed. These include the HYBRID process for high-WFU gas making and the low-BTU gas making 
process for integrated combined cycle power generation. NEDO has also started to develop coal gasification technology based on a 
multipurpose coal gasifier for medium-BTU gas. 

The multipurpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. Construction of the pilot plant in Sodegaura, Chiba was completed in August, 1990. Operational research is scheduled 
to begin in 1991 after a trial run. 
The key technology of this gasification process is a two-stage spiral flow system. In this system, coal travels along with the spiral 
flow from the upper part towards the bottom because the four burner nozzles of each stage are equipped in a tangential direction 
to each other and generate a downward spiral flow. As a result of this spiral flow, coal can stay for a longer period of time in the 
chamber and be more completely gasified. 

In order to obtain a higher gasification efficiency, it is necessary to optimize the oxygen/coal ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the lower stage burners generate high temperature gas. High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows: 

- Coal feed	 50 ton per day
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Pressure 30 kg/cm 2g 
Temperature about 1,800 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 research is also being conducted by several 
private companies to support research and development at the pilot plant. The nine member companies are: 

Idemitsu Kosan Co., Ltd. 
Osaka Gas Co., Ltd. 
Electric Power Development Company 
Tokyo Gas Co., Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, Ltd. 
Hitachi, Ltd. 
Mitsui SRC Development Co., Ltd. 

LOT MILD GASIFICATION PROJECT —Institute of Gas Technology (101), Kerr-McGee Coal Corporation, Illinois Coal Develop-
ment Board (C-272) 

The Institute of Gas Technology (lOT) plans to build an experimental facility for its advanced mild gasification concept to produce 
solid and liquid products from coal. The process uses a combined fluidized-bed/entrained-bed reactor designed to handle Eastern 
caking and Western noncaking coals. 

The 24 ton per day facility will be built at the Illinois Coal Development Park near Carterville, Illinois. The 3-year program will 
provide data for scalcup production of coproducts, preparation of a detailed design for a larger demonstration unit, and the 
development of commercialization plans. 

Kerr-McGee Coal Corporation will provide the coal and oversee the project. Bechtel Corporation will design and construct the 
process development unit, and Southern Illinois University at Carbondale will operate the facility. LOT will supply the technology 
expertise and the activities of the team members. 

The technology will produce a solid char that can be further processed into form coke to be used in blast furnaces as a substitute 
for traditional coke. Liquids produced by the process could be upgraded to make gasoline or diesel fuel or used to manufacture 
such materials as roofing and road binders, electrode binders, and various chemicals. 

IMHEX MOLTEN CARBONATE FUEL CELL DEMONSTRATION - Mt Power Corporation, Combustion Engineering, Inc., 
Institute of Gas Technology (C-273) 

Despite being turned down for funding under the United States Department of Energy's Clean Coal Technology Round 3 
Program, M-C Power Corporation is going ahead with a demonstration project to repower an existing coal-fired power plant with 
coal gas-fueled IMHEX molten carbonate fuel cells (MCFC). The proposed coal gasification/MCFC system can be used to fully or 
partially repower existing power plants regardless of the fossil fuel for which they were initially designed. This repowering should 
result in more economic plants, with greater capacity and reduced emissions of SO and NO , says M-C Power. 
The IMHEX configuration is a novel advanced molten carbonate fuel cell designe8 to eliminate many of the pumping problems ex-
perienced by previous molten carbonate fuel cell concepts. 

The demonstration facility would be located at the Institute of Gas Technology's (10'!) Energy Development Center in Chicago, Il-
linois. The demonstration will use lOT's existing U-GAS coal gasifier and will produce 500 kilowatts of electricity. 

The demonstration project was scheduled to begin April 1, 1991 and will be completed September 30, 1994. Total estimated cost of 
the project is $22,700,000.
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ISCOR MELTER-GASIFIER PROCESS - ISCOR, Voest-Alpine lndustrieanlagenbau (C-275) 

An alternative steel process that does not use coke has been commercialized at ISCOR's Pretoria works (South Africa). Designed 
and built by Voest-Alpine lndustrieanlagenbau GmbH (Linz, Austria), the plant converts iron ore and coal directly into 300,000 
tons per year of pig iron in a melter-gasifier, referred to as the COREX process. Conventional techniques require use of a coke 
oven to make coke, which is then reacted with iron ore in a blast furnace. Production costs at the Pretoria plant are said to be 
30 percent lower than conventional method costs. 

Startup of the plant was in November 1989. Two separate streams of materials are gravity fed into the melter-gasifier. One stream 
is coal (03.0.7 tons of carbon per ton of pig iron produced) with ash, water and sulfur contents of up to 20 percent, 12 percent and 
13 percent, respectively. Lime is fed together with the coal 10 absorb sulfur. The second stream—iron ore in lump, sinter or pellet 
form—is first fed to a reduction furnace at 850-900 degrees C and contacted with reducing gas (65-70 percent CO and 20-25 percent 
H ) from the melter-gasifier. This step reduces the ore to 95 percent metal sponge iron. The metallization degree of the sponge 
in%n 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 of the hot metal production export gas is obtained, which is a high quality gas with a caloric value of ap-
proximately 2000 kcal/Nm . Voest-Alpine says the pig iron quality matches that from blast furnaces, and that costs were $150 per 
ton in 1990. 

Voest.Alpine has also recently patented several schemes involving a fluidized bed meltdown-gasifier (United 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. (See Virginia Iron Corex 
Project C-613). 

The COREX process is being marketed as an environmentally superior method of iron making and claims significant reductions in 
dust, 502 and NO emissions compared to conventional methods. 

During 1990 the plant ran at 100% design capacity 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C-280) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEIQ. 
The project consists of a very large open pit mine (the Berezovskiy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being converted into a city with new schools, stores, housing, and transporta-
tion. 

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. 

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 lCansk-Achinsk run of mine coal with 40 percent moisture in hammer mills and 
simultaneously dry the resulting coal dust with the flue gas from a special-type self-contained furnace. In the thermal reaction 
(pyrolysis) chamber, the dried coal dust heats up quickly to 550-700 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 ET'Kh-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.
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COMMERCIAL AND R&D PROJECTS (Continued) 

A third experimental coal liquefaction unit, ST-5, is located at the Belkovskaya mine of the Novomoskovsk Coal Association. The 
unit is intended to demonstrate a relatively low pressure hydrogenation process that operates at approximately 1,500 psig and 400 
degrees C. A catalyst is used in the process to enhance the hydrogenation of coal into high octane gasoline. The liquid and solid 
are separated, and the solids are combusted to recover the catalyst. 

Project Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - K-Fuel Partnership (C-290) 

The K-Fuel process was invented by Edward ICoppelman and developed further by SRI International between 1976 and 1984. In 
1984, K-Fuel Partnership (KF'P) was formed to commercialize the process. KFP owns the worldwide patents and international 
licensing rights to the process in the United States and 37 foreign countries. In the K-Fuel process, low-grade coal or peat is dried 
and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at a pressure of 800 psi. The process 
produces a pelletized, low-moisture, low-sulfur coal with a BTU value of 12,000, and by-product water and fuel gas. K-Fuel pellets 
contain 60 percent more energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas 
from the process is utilized on site to provide the needed heat for the process. K-Fuel was tested at Wisconsin Power and Light's 
(WPL) Rock River generating station near Debit in south-central Wisconsin. The test was successful and Wisconsin Power has 
agreed to buy up to one million tons per year. 

KFF, headquartered in Denver, Colorado, owns and operates a lull demonstration facility and research center at the Fort Union 
Coal Mine near Gillette, Wyoming. The laboratory and pilot facility, which can produce 25 tons of K-Fuel per day, has been in 
operation since July 1988. 

Wisconsin Power and Light plans to use K-Fuel at several of its facilities to meet new state and federal emission control require-
ments. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

WPL, through its wholly-owned subsidiary called ENSERV Inc., has purchased an interest in the K-Fuel technology. A license for 
use of the K-Fuel technology on coal only in North America was issued to the Heartland Fuels Corporation (HFC), an ENSERV 
subsidiary. I-IFC made application for funding to DOE under Round 4 of the Clean Coal Technology program, but did not receive 
sunnort. Construction of a 425,000 ton commercial plant was to begin u pon receipt of DOE funding. 

A new company, Smith Powerfuels, a partnership of K-Fuel Partnership and Energy America, has been established to develop an 
international market for K-Fuel. 

Project Cost: $62 Million 

KOBRA HIGH TEMPERATURE WINKLER IGCC DEMONSTRATION PLANT - RWE Energie AG (C-294) 

RWE Energie AG, a sister company of Rheinb,aun AG, has decided to build a combined-cycle power station with integrated 
gasification based on the High Temperature Winkler (HTW) technology. Raw brown coal with 50 to 60 percent moisture will be 
dried down to 12 percent, gasified and dedusted with ceramic filters after passing the waste heat boiler. After the conventional 
scrubber unit, the gas will be desulphurized and fed to the combined cycle process with an unfired heat recovery steam generator. 
This project is referred to as KOBRA (in German: Kombikraftwerk mit Braunkohlenvergasung, i.e. combined-cycle power station 
with integrated brown coal gasification). 

The capacity of the KOBRA plant will slightly exceed 300 MWe. The question of whether oxygen or air will be used as gasifying 
agent has not yet been decided, but irrespective of this the fuel gas will be produced in this demonstration plant by two gasifiers, 
each having a throughput of 1,800 tons per day of dried lignite. The gas turbine will have a rated capacity of about 200 MWe, and 
the overall plant is expected to reach a net efficiency of 46 percent. 

Beginning of construction is scheduled for 1993 and start up in 1995. The most important orders awarded so far were placed with 
the MAN company as the general contractor, the Uhde/Lurgi consortium for the engineering of the coal gasification system, and 
with the Siemens company for the delivery of the gas turbine (type 94.3). To implement this project, a task forte comprising staff 
members of both RWE Energie AG and Rheinbraun AG started working in early 1990. To ensure that the plant can be con-
structed on schedule as from early 1993 and commissioned in late 1995, the orders relating to the desulphurization unit, the coal 
drying unit and some other large components were placed in 1990. The permit procedure will be initiated in late 1991. 

Of crucial importance for reaching a high overall efficiency is the coal drying system which reduces the moisture content of the raw 
brown coal to 12 percent. For this step, Rbeinbraun's WTA process will be employed (WTA means fluidized-bed drying with inter-
nal waste heat utilization). 

To demonstrate the technology, a plant having a capacity of 20 tons per hour of dried lignite will be started up in 1992 for testing 
purposes. Engineering of this project is being handled by Lurgi GmbH.
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A successful test operation of the demonstration plant will provide the essential basis for the construction of commercial-scale 
power stations of this type. The start-up of a 600 MWe commercial-scale IGCC plant is scheduled for the turn of the century. This 
new generation of power stations will be characterized by a high overall efficiency, extremely low emissions, and low production 
costs. 

LAKESIDE REPOWERJNG GASIFICATION PROJECT - Combustion Engineering, Inc. and United States Department of Energy 
(DOE) (C-320) 

The project will demonstrate Combustion Engineering's pressurized, airblown, entrained-flow coal gasification repowering technol-
ogy on a commercial scale. The syngas will be cleaned of sulfur and particulates and then combusted in a gas turbine (40 MWe) 
from which heat will be recovered in a heat recovery steam generator (HRSG). Steam from the gasification process and the HRSG 
will be used to power an existing steam turbine (25 MWe). 

The project is selected for demonstration at the Lakeside Generating Station of City Water, Light and Power, Springfield, Illinois. 
The selected site with associated characteristics and costs includes repowering an existing steam turbine to produce 65 MWe via the 
combined cycle mode. 

The $270.7 million project will span 10 years, including 5 years needed to test and operate the system. The plant will continue to 
provide power to the city as part of its commercial grid during the testing period. 

Design work for the new integrated power plant began in November 1990. Gasifier groundbreaking is scheduled for September 
1993, with initial coal-fired operation scheduled for mid-1995. Cold (low modeling of the gasifier internals and dry coal feed system 
continues. 

DOE is providing $129.4 million, or 48 percent, of the project's total cost. The remaining funds will be provided by Combustion 
Engineering, City Water, Light & Power, and the Illinois Department of Energy and Natural Resources. 

Project Cost: 	 $270.7 million 

LAPORTU ALTERNATIVE FUELS DEVELOPMENT PROGRAM - Air Products & Chemicals, Inc., Electric Power Research In. 
stitute, and United States Department of Energy (DOE) (C-330) 

Air Products and Chemicals. Inc. is proposing a 36-month proram to develop technologies for the conversion of coal-derived s yn-
thesis gas to oxygenated hydrocarbon fuels, fuel intennediates, and octane enhancers, and to demonstrate the most promising tech-
nologies in DOE's Slurry Phase Alternative Fuels Develo pment Unit (AFDU) at LaPorte, Texas. With Emphasis on slurry phase 
processing, the Program will initially draw on the experiences of the successful Li q uid Phase Methanol (LPMEOH) protram. See 
completed prolect "LaPorte Liquid Phase Methanol Synthesis" in December 1991 Synthetic Fuels Report for details on the 
LPMEOH proiect. 

Air Products has been conducting laboratory investigations into the synthesis of dimethyt ether (DME) since 1985 in an effort to 
improve synzas. 

The alternative fuels develo pment prouam aims to continue the investi gations initiated in the above research proram, with the 
Principal obiective being demonstration of attractive fuel technolo gies in the LaPorte AFDU. The focus is continued in pilot plant 
operations after a 12-18 month period of plant modifications. Certain process concepts such as steam inicction, and providing H2 
via in situ water-gas shift, will assist in hi gher conversions of feedstocks which are necessary, particularly for higher alcohol syn- 
thesis. 

Four operating campaigns are currently envisaged. The first will focus on increased s ynzas conversion to methanol using steam in-
iection and stated operation. The second will demonstrate production of dimethyl ether/methanol mixtures to (1) give optimum 
syngas conversion to storable li q uid fuels, (2) produce mixtures for both stationary and mobile fuel a pplications, and (3) produce 
the maximum amount of DME, which would then be stored as a fuel intermediate for further processing to higher molecular-
weight oxygenates. Economic, process, and market analyses will provide guidance as to which of these scenarios should be em-
phasized. The third and fourth campaigns will address hi gher alcohols or mixed ether production. 

In the laboratory, the principal effort will be developing oxygenated fuel technologies from slurry-phase processing of coal-derived 
syngas using two approaches. (1) fuels from syngas directl y, and (2) fuels from DME/methanol mixtures. Air Products has already 
demonstrated the unique ability of DME to act as a chemical building-block to higher molecular-weight oxygenated hydrocarbons. 

Proiect Cost: 	 $20.5 million FY9I-FY93
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COMMERCIAL AND R&D PROJECTS (Continued) 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-MO) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a 375 tons per day Texaco 
gasifier at the 200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. The gasifier was completed in 
1991, and has replaced an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - Coal Technology Corporation and United States Department of 
Energy (DOE) (C-370) 

Since the mid-1980s, Coal Technology Corporation (C'FC), formerly UCC Research Corporation, has been investigating the 
pyrolysis of coal under sponsorship of DOE's Morgantown Energy Technology Center. This work initially was the development of 
a batch process demonstration unit having a coal feed capacity of 120 pounds per batch. The process produced coal liquids to be 
used for motor fuels and char to be potentially used for blast furnace coke and offgas. 

In January 1988, DOE and Cit cost shared a $3,300,000 three-year program to develop a process demonstration unit for the 
pyrolysis of 1,000 pounds/hour of coal by a continuous process. This work involved a literature search to seek the best possible 
process; and then after small scale work, a proprietary process was designed and constructed. The unit began operating in 
February 1991. Test runs have been made with seven different caking bituminous coals and no major differences in coke making 
were observed. 

In the C'I'C mild gasification process, coal is heated from ambient temperature to around 400°F in the first heat zone of the reac-
tor, and then to 800 to 900°F in the second heat zone. Lump char discharged from the reactor is cooled in a water jacketed auger 
to 300°F. At present, the char is stored, but in an integrated facility, the cooled char would then be crushed, mixed with binder 
material and briquetted in preparation for conversion to coke in a continuous rotary hearth coker. The moisture and volatile 
hydrocarbons produced in the reactor are recovered and separated in scrubber/condensers into noncondensiblcs gases and liquids. 

The coal liquid and coke (CLC) mild gasification technology to be demonstrated involves the production of two products from 
bituminous caking type coals: coal liquids for further refining into transportation fuels, and formed coke for foundry and blast fur-
nace application in the steel industry. The CLC process will continuously produce blast furnace quality coke within a 2-hour dura-
tion in a completely enclosed system. The coal liquids will be recovered at less than 1,000°F for further refining into transportation 
fuel blend stock. 

The processing involves feeding coal into three of CFCs proprietary mild gasification retort reactors operating at about 1,000°1 7 to 
extract the liquids from the coal and produce a devolatized char. The hot char is fed directly into a hot briquette system along with 
additional coking coal to form what is called green briquettes. The green briquettes will directly feed into the specially designed 
rotary hearth continuous coking process for final calcining at 2,000°F to produce blast furnace formed coke. The small amount of 
uncondensed gases will be recirculated back through the system to provide a balanced heat source for the mild gasification retorts 
and the rotary hearth coking process. A total of 1,420 tons of coal per day will be used in the demonstration phase of this plant. 

Three companies in Virginia have agreed to cosponsor this project as equity participants: Norfolk Southern Corporation, Coal 
Technology Corporation, and Rapoca Energy Company. The nroiect was submitted to DOE under the Clean Coal Technology 
Program Round 4. but was not selected for funding. 

Wise County Industrial Park was selected as the primary site for this plant. The 32 acre site is adjacent to massive high quality coal 
reserves and the Norfolk Southern rail system now extends to the site. Wise County has agreed to donate the leveled site as an in-
centive for the location of this plant in their county. The Virginia Coalfield Economic Development Authority has agreed to 
provide various financial incentives to locate the plant in this area of Virginia. 

American Electric Power of Lancaster, Ohio is initiating a pilot program at its subsidiary, Appalachain Power in Abington, Vir-
ginia, to test liquid coal fuel in part of its vehicle fleet. The program will test petroleum fuel with 10 percent liquid coal fuel added. 

Some experimental tests of char for steel making in a full scale electric arc furnace were scheduled for late 1991. Char from the 
continuous mild gasification process will be used. 

Project Cost: $124.5 million for the process demonstration plant
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COMMERCIAL AND R&D PROJECTS (Continued) 

MILD GASIFICATION OF WESTERN COAL DEMONSTRATION - AMA)( Western Research Institute (C-372) 

AMAX is planning a 1,000 ton per day mild gasification commercial demonstration plant at its Eagle Butte Mine near Gillette, 
Wyoming. Inclined fluid-bed reactors will be used for drying and mild gasification. Amu is studying ways to best market all of the 
char and liquid products produced. 

The first liquid product, dirty pitch, will be marketed as a binder for carbon anodes used in aluminum production. A lighter frac- 
tion would be sold as chemical feedstock. The oil product will be used as diesel additive to run the heavy mine equipment or to 
spray on dry coal. 	 - 

Prefeasibility studies concluded that favorable economics depend upon upgrading the mild gasification chars to a higher value 
product. This is because char has lower volatile matter content and higher ash content than the starting coal. These characteristics 
make char a low value utility fuel. Amax has been developing a char-to-carbon (CTC) process to convert the char to pure carbon 
and activated carbon. Pure carbon is to be used for the manufacture of carbon anodes in aluminum production or sold as carbon 
black. Its use as a premium fuel for gas turbines and heat engines offers the largest long-termmarket. The waste streams will be 
incinerated in an atmospheric fluidized-bed combustor which, in addition to supplying process heat, will produce electric power for 
export. 

A 100 pound per hour inclined fluid bed mild gasification process research unit has been operating at Western Research Institute 
since January 1990. A 50 pound per hour CTC process demonstration unit was started up at Aniax Research and Development in 
Golden, Colorado in 1990. A proposal was submitted to the U.S. Department of Energy in 1990 for design, construction, operation 
and evaluation of 20 ton per day integrated process development unit at Golden. 

MONASH HYDROLIQUEFACTION PROJECT - Coal Corporation of Victoria and Monash University (C-380) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into the structure and hydroliquefaction of Victorian brown coal. Batch autoclave and other studies are being con-
ducted. 

The work is largely supported by the Coal Corporation of Victoria and NERDDC. 

Earlier studies on the hydroliquefaction of brown coal have led to a more detailed study of its structure and reactivity and are 
based on extensive collaborations with a number of other laboratories in Australia. These led to the proposal of a guest/host 
model for brown coal which more recent results suggests may represent an oversimplification of coal structure. The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignocellulosic polymer has yet to be defined. 

The use of sodium aluminate as a promoter for the reaction of brown coal with carbon monoxide and water, leading to high yields 
: of low molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Some 

success has been achieved in characterizing the aluminum species responsible for promoting these reactions but further work is re-
quired. 

Partial oxidation of brown coal is thought to be adventitious for hydroliquefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress. Investigations are underway into the isolation and characterization 
of potentially useful products which can be extracted from brown coal. 

Project 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 first-phase construction of the Jungar Coal Mine, China's potential largest open-pit coal mine with a reserve of 25.9 billion 
tons, is in full swing and will have an annual capacity of 15 million tons by 1995. 

The lh Je League (Prefecture) authorities have made a comprehensive development plan including a 1.1 billion yuan complex which 
will use coal to produce chemical fertilizers. A Japanese company has completed a feasibility report. 

The region may be China's most important center of the coal-chemical industry and the ceramic industry in the next century. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

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 coat. A novel reactor, the MRS (for Midlands 
Research Station) coal hydrogenator incorporating internal gas recirculation in an entrained flow system has been developed to 
provide a means of carrying out the process without the problems of coal agglomeration, having to deal with excessive coal fines, or 
excessive hydrogenation gas preheat as found in earlier work. 

A 200 kilogram per hour pilot plant was built to prove the reactor concept and to determine the overall process economics. The 
process uses an entrained flow reactor with internal gas recirculation based on the Gas Recycle Hydrogenator (GRI-l) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was successfully completed. An Engineering and Costing Study of the commercial process concept confirmed 
overall technical feasibility and exceptionally high overall efficiency giving attractive economics. 

In December 1988, the sponsors went ahead with the second stage of the joint research program to carry out a further two year 
development program of runs at more extended conditions and to expand the pilot plant facilities to enable more advanced testing 
to be carried out. 

Through 1989, performance tests have been conducted at over 43 different operating conditions. Four different coals have been 
tested, and a total of 10 tonnes have been gasified at temperatures of between 780 degrees centigrade and 1,000 degrees centigrade. 
The initial plant design only allowed tests of up to a few hours duration to be carried out. The plant was modified in early 1990 to 
provide continuous feeding of powdered coal and continuous cooling and discharge of the char byproduct and was operated in this 
mode starting in the second half of 1990. 

Project Cost:	 Phase I	 $16 million 
Phase II	 $7.4 million 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (C-410) 

Basic research on 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 (PDU5) utilizing three different concepts for bituminous coal liquefaction: solvent 
extraction, direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so 
called NEDOL Process, and NEDO has intended to construct a 150 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100450 atm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major 
products will be light oil. Residue-containing ash will be separated by vacuum distillation. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991. 

In 1988, 5 different coals were processed in the bench scale unit with encouraging results. 

Project Cost: 100 billion yen, not including the three existing PDU 

P-CIG PROCESS - Interproject Service All (Sweden) and Nippon Steel Corporation, Japan (C-455) 

The Pressurized-Coal Iron Gasification process (P-CIa) 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.
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COMMERCIAL AND R&D PROJECTS (Continued) 

In 1984, Interproject Service AR 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 at the Metallurgical Research Station in Lulea, Sweden. The P-do 
Process utilizes the bottom blowing process for injection of coal and oxygen in the iron melt. The first tests started in 1985 and 
several test campaigns were carried out through 1986. The results were then used for the design of a demonstration plant with a 
gasification capacity of 500 tons of coal per day. 

According to project sponsors, the P-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 
40 tons of iron. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with five tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

PETC GENERIC COAL LIQUEFACTION PLANTS—United States Department of Energy (DOE), M.W. Kellogg Company (C457) 

DOE's Pittsburgh Energy Technology Center (PETC) has awarded Kellogg a contract to engineer, fabricate, install and commis-
sion three generic pilot plants to be installed at the center. The plants, which will be skid mounted, include direct coal liquefaction, 
indirect coal liquefaction, and product upgrading units. These pilot plants will be used by PETC to test new concepts for improving 
these processes and will allow testing of new processes and catalysts by outside contractors who do not have facilities for such test-
ing. The facilities are scheduled to be completed by mid-1993. 

PINON PINE 10CC POWER PLANT - Sierra Pacific Power Com pany (C-458) 

Foster Wheeler USA Corp. has been contracted to provide design, enSeerinc construction, manufacturin g and environmental 
services for the nroiect. 

After the permitting process, construction of the plant could begin in 1993. Completion is estimated for 1996-1997. 

Proiect Cost: $160 million capital. $74 million o perating and maintenance for the first 4 veats 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-1 "Complex 
Coal Processing," and in 1986 to a Central Research and Development Program under the same title. The leading and coordinating 
unit for the coal liquefaction research has been the Coal Conversion Institute, pan of the Central Mining Institute. 

Initial work was concentrated on the two-stage extraction method of coal liquefaction. The investigations were carried out up to 
the bench scale unit (120 kilograms of coal per day). The next step—tests on a Process Development Unit (PDU)—met serious 
problems with the mechanical separation of solids (unreacted coal and ash) from the coal extract, and continuous operation was 
not achieved. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coal per day. 

The construction of the direct hydrogenation PDU at the Central Mining Institute was finished in the middle of 1986. In Novem-
ber 1986 the first integrated run of the entire unit was carried out. 
The significant, original feature of this direct, non-catalytic, middle-pressure coal hydrogenation process is the recycle of part of the 
heavy product from the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
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 
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COMMERCIAL AND R&D PROJECTS (Continued) 

PRENFLO GASIFICATION PILOT PI-ANT - Krupp Koppers (1mM! (KK) (C-470) 

Krupp Koppers (1(K) of Essen, West Germany (in United States known under the name or oicr Gesellschaft fuer Kohle-
Technologie) are presently operating a 48 tons per day demonstration plant in Furstenhausen, German y. The PRENFLO process 
is KK's pressurized version of the Koppers-Totzek (Kr) flow gasifier. 

In 1973, MC started experiments using a pilot K!' gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BY and KK for a cooperation in the development of the pressurized version of the K 
process. A demonstration plant with a throughput of ISO tons per day bituminous coal and an operating pressure of 435 pain was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENFLO 
Process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput at an operating pressure 
of 30 bar. The plant is located at Fuerstenhausen, West Germany. In over 8,000 hours of test operation nine different fuels with 
ash contents of up to 40 percent were successfully used. All fuels used are converted to more than 98 percent, and in the case of fly 
ash recycled to more than 993 percent. 

Krupp Koppers and Siemens, KWU Group, are planning a demonstration 1(1CC plant based on the PRENFLO process. This 
demonstration plant will have a capacity of 160 megawatts, based on one PRENFLOW module with 1,200 tonnes per day coal 
throughput and two Siemens V64 gas turbines. The detailed engineering was to be finished in 1989, so that a contract can be 
awarded in the second half of that year. The startup of the plant is planned for 1992. 

Project Cost: Not disclosed 

PRESSURIZED FLUID BED COMBUSTION ADVANCED CONCEPTS - M. W. Kellogg Company (C.473) 

In September of 1988, Kellogg was awarded a contract by the DOE to study the application of transport mode gasification and 
combustion of coal in an Advanced Hybrid power cycle. The study was completed in 1990 and demonstrated that the cycle can 
reduce the cost of electricity by 20-30 percent (compared to a PC/FGD system) and raise plant efficiency to 45 percent or more. 

The Hybrid system combines the advantages of a pressurized coal gasifier and a pressurized combustor which are used to drive a 
high efficiency gas turbine generator to produce electricity. The proprietary Kellogg system processes pulverized coal and lime-
stone and relies on high velocity transport reactors to achieve high conversion and low emissions. 

DOE, in late 1990, awarded a contract to Southern Company Services, Inc. for addition of a Hot Gas Cleanup Test Facility to their 
Wilsonville test facility. The new unit will test particulate removal devices for advanced combined cycle systems and Kellogg's 
Transport gasifier and combustor technology will be used to produce the fuel gas and flue gas for the testing program. The reactor 
system is expected to process up to 48 tons per day of coal. [See Hot Gas Cleanup Process (C-257)1. 

Kellogg has built a bench scale test unit to verify the kinetic data for the transport reactor system and is currently conducting tests 
in both gasification and combustion modes. Initial test results in both modes have verified the concept, supporting the thesis that 
reactors designed to process pulverized coal can achieve commercial conversion levels while operating at high velocities and short 
contact times. These data will be used to support the design of the Wilsonville test gas generator. 

The gasifier converts part of the coal to a low-BTU gas that is filtered and sent to the gas turbine. The remaining char is com-
busted and the flue gas is filtered and also goes to the gas turbine. The advantages of the system in addition to high efficiency are 
lower capital cost and greatly reduced SO and NO  emissions. 

DOE's Morgantown Energy Technology Center has awarded Kellogg a contract for experimental studies to investigate in-situ 
desulfurization with calcium-based sorbents. The testing, which will be conducted at Kellogg's Houston Technology Development 
Center, will investigate the effects of the sorbents on sulfur capture kinetics and carbon conversion kinetics, and the mechanism for 
conversion of calcium sulfide to calcium sulfate in second generation (hybrid) pressurized fluid bed combustion systems. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

PUERTOLLANO 10Cc DEMONSTRATION PLANT - Em presa Nacional de Electricidad, SA. (ENDESA) (C476) 

The Spanish utility company ENDESA together with EDF/France. HIDROLA/Spain, SEVILLANA/Soajn and EDP/Portu gal am 
involved in the Puertollano nroiect. The proiect also has the European Economic Commission support. 

The proposed project has a capacity of approximately 300 MWe. which is influenced b y the type of Es turbine selected (Siemens or 
Alsthom. The PRENFLO casification technolo2v has been chosen for the amifier. 

A 50150 mixture of Puertollano coal and petroleum coke from the Puertollano Petroleum Refiner y is intended to be the main 
feedstock for this project. 

SO Emission values of 10 ma/m3n and NO values of 60 mz/m3n are expected in the exhaust zas (based on 15 volume cement 
ort4en'.	 p 

RI EINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, Lurgi 
GmbI-1, German Federal Ministry for Research & Technology (C480) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High-Temperature Winkler fluidized bed gasifica-
tion process. 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 (HTW) process. The engineering contractor for this process is Uhde GmbH. 
The development was started at the 1nstitut fur Eisenhuttenkunde' of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pm-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 HTW pilot plant in the spring of 1984 the Kemira Oy Company of Finland decided 
to convert an existing ammonia production plant at Oulu from heavy oil to peat gasification according to the 1-fl'W process. The 
plant was designed to gasify approximately 650 tons per day of peat at 10 bar and process it to 280 tons per day of ammonia. This 
plant started up in 1988 and is operating successfully. 

Rheinbraun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters of syngas per year. 
All engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant is pipelined to DEA-Union Kraftstoff for methanol production testing periods. From startup 
in January 1986 until the end of October 1991 about 755,000 tonnes of dried brown coal, especially high ash containing steam coal, 
were processed in about 31,900 hours of operation. During this time, about 996 million cubic meters of synthesis gas were 
produced. 

A new pilot plant, called l-ITW-pressurized 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. From mid-November 1989 to early July 
1990, the plant was operated at pressures between 10 and 25 bar, using oxygen as the gasifying agent. Significant features of the 
25 bar gasification are the high specific coal throughput and, consequently, the high specific fuel gas flow of almost 100 MW per 
square meter. In mid-1990, the 25 bar I-ITW plant was modified to permit tests using air as the gasifying agent. Until the end of 
October 1991 the plant was operated for 7,515 hours at pressures of up to 25 bar, oxygen blown as well as air blown. Under all test 
and operating conditions gasification was uniform and trouble free. 

Typical results obtained are: up to 95 percent coal conversion, over 70 percent cold-gas efficiency and 50 MWspecific fuel gas 
flow per square meter air blown and 79 percent cold-eas efficiency and 105 MW specific fuel Vas flow per sq ure meter oxvaen 
blown.	

,
 

This work is performed in close co-ordination with Rheinbraun's parent company, the Rheinisch-Westfalisches Elektrizitatswerk 
(RWE), which operates power stations of a capacity of some 9,300 megawatts on the basis of lignite. Since this generating capacity 
will have to be renewed after the turn of the century, it is intended to develop the 10Cc technology so as to have a process avail-
able for the new power plants. Based on the results of these tests and on the operating experience gained with the HTW pres-
surized plant, a demonstration plant for integrated HTW gasification combined cycle (HTW-IGCC) power generation is planned 
which will go on stream in 1995 and will have a capacity of 300 MW of electric power. See KOBRA I-ITW-IGCC Project (C-294). 
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Project Cost: Not disclosed 

SASOL - Sasol Limited (C490) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Smell 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 Highueld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 100,000 
tons, of oxygen, 26,ODO tons; and of water, 160 megaliters. Sasol's facilities at Secunda for the production of oxygen are by far the 
largest in the world. 

Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Rectisol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Symbol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulfur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polypropylene Division. The primary fuels produced by Sasol at Secunda are probably among the most environ-
mentally acceptable in the world. The gasoline that is produced has zero sulfur content, is low in aromatics and the level of 
oxygenates means a relatively high octane number. An oxygenate-containing fuel, as a result of the lower combustion temperature, 
results in a generally lower level of reactive exhaust constituents. 

The blending of synthetic gasoline with alcohols (ethanol as well as high fuel alcohols) presented a particular challenge to Sasol. 
Sasol erected research and development facilities to optimize and characterize fuel additives. Whereas carburetor corrosion with 
alcohol-containing gasoline occurs with certain alloys used for carburetors, Sasol has now developed its own package of additives to 
the point where a formal guarantee is issued to clients who use Sasol fuel. 

The diesel fuel is a zero sulfur fuel with a high cetane number and a paraffin content that will result in a lower particulate emission 
level than normal refinery fuel. 

Sasol's Mining Division manages the six Sasol-owned collieries, which have an annual production in excess of 43 million tons of 
coal. The collieries comprised of the four Secunda Collieries (including the new open cast mine, Syferfontein), which form the 
largest single underground coal mining complex in the world, and the Sigma Colliery in Sasolburg. 

A technolo' company, Sastech, is responsible for the Group's entire research and development program, process design, engineer-
ing, project management, and transfer of technolo'. 

Sasol approved in 1990 six new projects costing $451 million as part of an overall $1.1 billion program over the next five years. The 
first three projects are scheduled for completion by January 1993. 

Sasol has increased its production of ethylene by 60,000 tons per year, to a current level of 400,000 tons per year, by expanding its 
ethylene recovery plant at Secunda. 

The company's total wax producing capacity will be doubled from its current level of 64,000 tons per year to 123,000 tons per year. 

The 70,000 ton per year Sasol One ammonia plant is to be replaced by a 240,ODO ton per year plant, which is expected to supply 
South Africa's current ammonia supply shortfall. 

A new facility is to be built as Sasol One to manufacture paraffinic products for detergents. The other three newly approved 
projects, which will be located at Sasol's Secunda facilities, are: 

-	 An n-butanol plant to recover acetaldehyde from the Secunda facilities and to produce 17,500 tons per year of n-butanol is 
being built. The plant is expected to come on stream in January 1992. 

- Sasol will construct a delayed coker to produce green coke, and a calciner to calcinate the green coke to anode coke and 
needle coke. The anode coke is suitable for use in the aluminum smelting industry. They are scheduled to be in production 
by March 1993. 

-	 A flexible plant to recover 100,ODO tons per year of 1-hexane or 1-pantone will be built to come online in January 1994. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Krypton and xenon gases will be recovered from the Secunda oxygen units. 

A major renewal project at Sasol One includes an expansion of the fixed bed Fischer-Tropsch plant. The renewal also includes 
shutting down much of the synthetic fuels capability at this plant. 

Project Cost: SASOL TWO $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO; Alastair Gillespie & Associates limited; Gulf Canada Products Company; 
NOVA; Nova Scotia Resources Limited; and Petro-Canada (C-500) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 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 (CCLP). A feasibility report was com-
pleted and financeability options discussed with governments concerned and other parties. 

Scotia Synfuels limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down-sized the project 
to 12,500 barrels per day based on a coprocessing concept and purchased the Point Tupper site from Ultramar Canada Inc. Recent 
developments in co-processing technology have reduced the capital cost estimates to Us$375 million. Net  operating costs are es-
timated at less than US$20 per barrel. 

In late 1988 Hydrocarbon Research Inc. (lIRI) was commissioned by Scotia Synfuel Ltd. to perform microautoclave and bench 
scale tests to demonstrate the feasibility of their co-processing technology using Harbour seam coal and several oil feedstocks. In 
early 1989, Bantrel Inc. (a Canadian engineering firm affiliated with Bechtel Inc.), was commissioned to develop a preliminary 
process design. 

Scotia Synfuels and partners have concluded an agreement with the Nova Scotia government supported by the federal government 
for financial assistance on a $23 million coprocessing feasibility study. The study was completed in 1990. 

Based on the test program results, material and energy balances were developed for a commercial facility. An economic model was 
developed to analyze a number of options. The model incorporated government investment support programs available in eastern 
Canada. The primary incentives were investment tax credits and loan financing. 

Discussions on project financing continued in 1991 with the governments of Canada and Nova Scotia and private corporations. 

Project Cost: 	 Approximately $23 million for the feasibility study 
Approximately C$500 million for the plant 

SEP 10CC POWER PLAYF - Demkolec B.V. (SEfl (C-520) 

In 1989, Demkolec, a wholly owned subsidiary of Samenwerkende Elektriciteits-Pmduktiebedrijven (SEP), the Central Dutch 
electricity generating board, started to build a 253 megawatt integrated gasification combined cycle (10CC) power plant, to be 
ready in 1993. 

SEP gave Comprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/Lurgi. In April 1989 it was announced that the Shell process had been chosen. The location of the 
gasification/combined cycle demonstration station is Buggenum, in the province of Limburg. The Netherlands. 

After three years of demonstration (1994 to 1996), the plant will be handed over to the Electricity Generating Company of South 
Netherlands (NV. EPZ).

SYNTHETIC FUELS REPORT, MARCH 1992 
4-73



STATUS OF COAL PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost: DII. 880 million (1989) 

SHANGHAI CHEMICALS FROM COAL PLANT - People's Republic of China (C-525) 

The Chinese government has approved construction of a new methanol complex. Using coal as raw material, the Shanghai-based 
plant is expected to produce 100,000 tons per year of methanol and 15,000 tons per year or acetate fiber. Completion is due in 
1992. 

SIIOUGANG COAL GASIFICATION PROJECT - People's Republic of China (C-Sm 

The Shougang plant will gasify 1,170 tons per day of Chinese anthracite using the Texaco coal gasification process. The gasification 
plant will produce fuel gas for an existing steel mill and town gas. The detailed design is being completed and equipment fabrica-
tion is underway. The plant is expected to be operational in late 1992. 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-MO) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a 6 foot diameter and a throughput of 300 tons per day.) The plant successfully operated on a wide range 
of British and American coats, including strongly caking and highly swelling coals. The ability to use a considerable proportion of 
Fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal 
through the tuyeres into the base of the gasifier. Byproduct hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A tong term proving run on the gasifier has been carried out successfully 
between 1975 and 1983. Total operating time was over one year and over I00,0 tons of coal were gasified. 

A new phase, started in November 1984, is the demonstration of a 500 ton per day (equivalent to 70 megawatts) gasifier with a 
nominal inside diameter of 75 feet. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine 
to generate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 
1,950°F, a compression ratio of 10, and a thermal efficiency of 31 percent. By 1989 this gasifier had operated for approximately 
1,300 hours and has gasified over 26,ODO tons of British and American (Pittsburgh No.8 and Illinois No. 6) coats. 

Progressive development of the gasifier components has continued. The two main items of attention have been the stirrer at the 
top of the fuel bed and the distribution of steam and oxygen at the bottom of the fuel bed. 

In addition to the current 500 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed 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 performance. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-550) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments in the mid- 1990s. 

Coat has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-Koppers. Heads of Agreement were 
signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun HTW gasifier and per-
form a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of Bowmans coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, ERG, in August 1985, and a further 500 tonnes 
were tested in the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, ERG in December 1986. 

The third phase, the detailed costing and feasibility study, was deferred indefinitely in 1988 due to deferred need for new electric 
capacity with significantly reduced electricity load growth. 

Project Cost: DM 75 million
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SYNTHESEGASANL&GE RUHR (SAR) - Ruhrlcohle Get and Gas GmbH and Hoechst AG (C-560) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The 800 tons per day coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to 
be fed into the Ruhrchemie's oxosynthesis plants. The gasification plant has been modified to allow for input of either hard coal or 
heavy oil residues. The initial investment was subsidized by the Federal Minister of Economics of the Federal Republic of Ger-
many. The Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia participates in the coal 
costs. 

Project Costs: DM220 million (Investment) 

TAMPELLA 10CC PROCESS DEMONSTRATION - Tampella f (C-565) 

After having obtained the rights to the Institute of Gas Technolo"s fluidized bed gasification technology in 1989, Tampella Keeler 
began to design and initiate construction of a 10 MW thermal pilot plant at their research facilities in Tam pere. Finland. The pilot 
plant is considered essential for determining operating parameters for specific coals and for continuing process development in the 
areas of in-gasifier sulfur capture and hot gas cleanup. The pilot plant will be operational in early 1991. 

The pilot plant is designed so that alternative hot gas filters and zinc ferrite absorber/regenerator design concepts can be 
evaluated. The gasifier is 66 foot tall, with an inside diameter ranging from 2 to 4 feet- The gasifier will be capable of operating at 
pressures up to 425 psig. 

After the pilot plant construction was underway, Tampella turned its attention towards locating a demonstration project in Finland 
and one in the U.S. A cogeneration project to be located at an existing paperinill has been selected as the basis for the demonstra-
tion in Finland. The gasifier will have a capacity of 150 MW thermal which is equal to about 500 tons per day of coal consumption. 
The plant will produce about 60 MW of electricity and about 60 MW equivalent of district heating. 

TECO 10CC PLANT - Teco Power Services, U.S. Department of Energy (C-567) 

A 220 MW(e) coal-gas based combustion turbine combined cycle power generating system is planned for Polk Count y, Florida. 
The plant will include an air blown coal gasification system providing fuel to a conventional combustion turbine combined cycle 
base load unit. The system is to be built such that natural gas is initially used and coal gas is introduced a couple of months later. 
Natural gas will then be used as the backup fuel. In this way, the system will simulate (in sequence if not in actual time) the phased 
construction of today's combined cycle plants designed for long-term compatibility with coal gas conversions. 

The project, originally proposed as a 120 MW independent power proiect costin g $400 million, was to be built on a site outside Tal-
lahassee, Florida near the existing Aivah B. Hopkins Power Station. Public oonosition and stalled nepotiations with city nffirials 

The air blown integrated gasification combined cycle (10CC) project is being developed by TECO Power Services (TPS), a sub-
sidiary of Tampa Electric. 'ITS will develop the project under commercial terms and conditions using a United States Department 
of Energy program subsidy to reduce financial risks associated with the coal gasification phase of the plant. 

A coal gasification system is added in which coal is first gasified under pressure using steam and air to produce a low BTU fuel gas. 
The low BTU coal gas produced in the fixed-bed gasifier then goes to a hot gas cleanup (HOC)) subsystem when the removal of 
sulfur compounds is accomplished in a solid sorbent bed. Because the sulfur that was present in the coal is removed prior to com-
bustion, scrubber equipment size and costs are potentially reduced. The cleaned gas is then delivered to a conventional gas tur-
bine modified to include a set of low, BTU gas nozzles. 

The gasifier will employ the Lurgi "fixed bed design. Questions to be addressed by the Florida project include how much the 
$/kW level increases for the 10CC on an installed basis as compared to a conventional combined cycle and what is the S/kWh cost 
of operation (including fuel, maintenance, spares, etc.) when utilizing coal as compared to natural gas. Since the total cost of a 

MW natural gas based combined cycle system planned today is approximately $600/kW, a price of 5600 .7001kw (plus heat rate 
premium) is targeted for the coal gasification plant if the 10CC is to compete favorably with pulverized coal based systems with 
scrubbers.
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Proiect Cost: 	 $500 million 

TEXACO COOL WATER PROJECT - Texaco Syngas Inc. (C-569) 

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. Plant construction, which be gan in Decem-
ber 1981, was completed on April 30, 1984, within the projected $300 million budget. A five-year demonstration period was com-
pleted in January 1989. See tool Water Proiect in the December 1991 issue of the Synthetic Fuels Report. Status of Proiects see-

Texaco plans to modify and reactivate the existing facilities to demonstrate new activities which include the addition of sewage 
sludge into the coal feedstock, production of methanol, and carbon dioxide recovery. 

designation as a Qualifying Facility Cogencrator. 

Acquisition of the plant is conditioned upon finalizing the terms of the purchase agreement and the com pletion of negotiations with 
utilities for the sale of electricity to be produced. In addition, negotiations will be required with municipalities and other 
governmental entities that produce and handle sewage sludge. 

Upon conclusion of the necessary negotiations. Texaco will invest additional capital in the plant for modifications and additions 
aimed at reopening the facility in late 1993. 

Pmiect Cost: $263 million for ori ginal Cool Water Coal Gasification Pmtram 

TEXACO MONTEBELLO RESEARCH LABORATORY STUDIES - Texaco Inc. (C-571) 

Texaco has a number of on-going coal gasification research and development program at its Montebello Research Laboratory 
(MRL). MRL is a major pilot-scale process development facility which has been involved in gasification research since 1946. It 
currently has three gasifiers with rated capacities of 15-30 tons per day of coal. These units are also capable of feeding a wide range 
of other solid and liquid fuels. 

In addition, the research also continues to expand the already wide range of feeds which can be gasified by the TGP. Recent work 
has included oily wastes. Orimulsion, contaminated soil and sewage sludge. 

THERMOCHEM PULSE COMBUSTION DEMONSTRATION - ThermoChem, Inc., Weyerhauser and U.S. De partment of Energy 
(C-Sm

SYNTHETIC FUELS REPORT, MARCH 1992 
4-76



STATUS OF COAL PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The U.S. Department of Enem y will fund 5017* of the project under Round 4 of the Clean Coal Technology Program. Weyerhauser 
and ThermoChem will split the rest of the project. 

Proiect Cost:	 $37 million 

TOM'S CREEK 10CC DEMONSTRATION PLANT - TAMCO Power Partners and U.S. De partment of Eneray (C-580) 

Project Cost:	 $291 million 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries, Ltd., of Tokyo completed the world's first large scale ammonia plant based on the Texaco coal gasification process 
(TCGP) in 1984. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are used 
with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and the first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative "front end" of the existing steam reforming 
process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus has a wide range of 
flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia from coals, naphtha and 
LPG as required. 

The 1,650 tons per day gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. 
Over 23 million tons of feed including 200,000 tons of petroleum coke, had been gasified by 1990. The overall cost of ammonia is 
said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant is expected 
to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

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 Vereinigte 
Elektrizitatswerke Westfalen AG, a German utility. The process works on the principle of entrained flow. Coal is partly gasified 
with air and the remaining coke is burned separately in a combustion unit. Because the coal is only partly gasified, it is not neces-
sary to use oxygen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
heated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Two variants are being tested for gas cleaning, 
whereby both wet and dry gas cleaning are being applied. These consist of: 

Wet gas cleaning to remove chlorine and fluorine by forming ammonia salts; dry salts are produced in an evaporation 
plant. 

Dry removal of chlorine and fluorine in a circulating fluidized bed in which time is used as a reagent 
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STATUS OF COAL PROJECTS (Underline denotes changes shire December 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The test operation was finished in January 1991. 

The future concept of a coal-based combined cycle power plant links the partial coal gasification and the product gas cleaning with 
an innovative circulating fluidized bed combustor. In this pmccss the product gas is freed only from dust, chlorine, and fluorine in 
order to protect the gas turbine materials. No  reduction and sulfur removal is carried out in the combustor. 

Project Cost: Not disclosed 

VICTORIAN BROWN COAL LIQUEFACTION PROJECT - Brown Coal liquefaction (Victoria) Pty. Ltd. (C-MO) 

DCLV was operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tonnes per day of moist ash 
free coal until October 1990. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal liquefaction Company (NBCL), a 
consortium involving Kobe Steel, Mitsubishi Kasei Corporation, Nissho lwai, Idemitsu Kosan, and Cosmo Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy and Industrial Technology Development Organization (NEDO). NBCL is entrusted with implementation of the 
entire program, and BCLV is carrying out the Australian components. The Victorian government is providing the plant site, the 
coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. The pilot plant was operated until October 1990, and shut down at that point. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific fly. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. The aim of the pilot plant 
was to prow the effectiveness of the DCL Process which had been developed since 1971 by the consortium. 

Work at the BCLV plant was moved in 1990 to a Japanese laboratory, starting a three-year study that will determine whether a 
demonstration plant should be built. NBCL is developing a small laboratory in Kobe, Japan, specifically to study the Morwell 
project. 

Part of the plant will be demolished and the Coal Corporation of Victoria is considering using a part of the plant for an R&D 
program aimed at developing more efficient brown coal technologies. The possibility of building a demonstration unit capable of 
producing 16,000 barrels per day from 5,000 tonnes per day of dry coal will be examined in Japan. 

If a commercial plant were to be constructed, it would be capable of producing 100, barrels of synthetic oil, consisting of six 
lines of plant capable of producing 16,000 barrels from 5,000 tonnes per day dry coal. For this future stage, Australian companies 
will be called for equity participation for the project. 

Project Cost: Approximately $700 million 

VIRGINIA IRON COREX PROJECT - Virginia Iron Industries Corp. (C-13) 

In 1990, Virginia Iron announced it would be the first United States industry to use the COREX coal gasification technology, a 
German steel manufacturing process integrated with power generation. The plant was to be very similar to the ISCOR plant in-
stalled in 1989 in Pretoria, South Africa, but located in Hampton, Virginia. The nroiect was canceled in 1991. however. 

The plant was to produce a total of 340 megawatts, of which 130 megawatts	 be used in the plant's gasification process and 
210 megawatts sold to Virginia Power. The proiect cost was to be $800 million. 

WABASH RIVER COAL GASIFICATION REPOWERJNG PROJECT— Destec Ener gy. Inc. and PSI Energy Inc. (C-614) 

The $592 million proiect was selected for fundin g under Round 4 of the U.S. Department of Energy's (DOE) Clean Coal Technol-
ogy Program. DOE has agreed to fund 41% of the nroiect cost. 

Proiect Cost:	 $592 million
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STATUS OF COAL PROJECTS (Underline denotes changes since December 1991) 

COMMERCIAL AND R&D PROJECTS (Continued) 

WESTERN CANADA 10CC DEMONSTRATION PLANT - Coal Association of Canada, Canadian Federal Government, the Provin-
cial Governments of Alberta, Saskatchewan, Ontario and British Columbia (C-615) 

A C$1 million feasibility study, led by the Coal Association of Canada and begun in 1990, has selected a 240 MW facility to be 
designed around a General Electric 7001 F gas turbine to test integrated gasification combined cycle technology in Western 
Canada. The demonstration will also be the first in the world to test carbon dioxide recovery. The study was completed in mid 
1991. Two companies, Nova Scotia Power and Saskatchewan Power are now considerina the results of the feasibility study to deter-

The project will incorporate a Shell entrained flow gasifier capable of using 2,400 tonnes per day of subbituminous coal and will 
also feature testing of a process that will recover 50 percent of the carbon dioxide from the gas stream prior to combustion. Capital 
cost is estimated around C$2,000/kW. 

WESTERN ENERGY ADVANCED COAL CONVERSION PROCESS DEMONSTRATION - Rosebud SynCoal Partnership, West-
ern Energy Company, United States Department of Energy (C-616) 

The United States Department of Energy (DOE) signed an agreement with Western Energy Company for funding as a replace-
ment project in Round 1 of the Department's Clean Coal Technology Program. DOE will fund half of the $69 million project and 
the partners will provide the other half of the funding. Western Energy Company has entered a partnership with Scoria Inc., a sub-
sidiary of NRG, Northern States Powers' nonutility group. The new entity, Rosebud SynCoal Partnership will be the project 
owner. Western Energy Company has retained a contract to build and operate the facility. 

The Western proposal is a novel coal cleaning process to improve the heating value and reduce the sulfur content of western coals. 
Typical western coals may contain moisture as much as 25 to 55 percent of their weight. The high moisture and mineral content of 
the coals reduces their heating value to less than 9,ODO BTU per pound. 

The Western Energy process would upgrade the coals, reducing their moisture content to as low as 1 percent and produce a heating 
value of up to 12,000 BTU per pound. The process also reduces sulfur content of the coals, which can be as high as 13 percent, to 
as low as 03 percent. The project will be conducted at a 50 ton per hour unit adjacent to a Western Energy subbituminous coal 
mine in Colstrip, Montana. 

The ACCP demonstration facility is under construction and was scheduled to begin startup during the last quarter of 1991. Initial 
product test burns are scheduled for A pril. 1992. The DOE agreement calls for a 3-year operation demonstrating the ability to 
produce a clean, high quality, upgraded product and testing the product in utility and industrial applications. 

If demonstration is successful, Western Energy hopes to build a privately financed commercial-scale plant processing Ito 3 million 
tons of coal per year by 1997. 

Project Cost:	 $69 million 

WUJLNO TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-620) 

Shanghai Coking and Chemical Plant (SCCP) is planning a trigeneration project to produce coal-derived fuel gas, electricity, and 
steam. The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shan-
ghai. SCCP contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The project will consist of coal gasification facilities and other processing units to be installed and operated with the existing coke 
ovens in the Shanghai Coking and Chemical Plant. The facility will produce 2 million cubic meters per day of 3,800 Kcal per cubic 
meter of town gas; 70,000 kilowatt-hours of electricity per year, 100 metric tons per hour of low pressure steam; and 300,000 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 three phases. 

In March 1992, a foundation stone laying ceremon y was nerformed at the plant site. Phase I is scheduled to be completed by June 
1995.
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STATUS OF COAL PROJECTS (Underline denotes changes sine. December 1991) 

COMMERCIAL AND R&D PROJECT'S (Continued) 

Project Cat: 2 billion yuan 

YIJNNAN LURCh CHEMICAL FERTILIZERS PLANT - Yunnan Province, China (0625) 

In the 1970, 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 1950h, experiments of using anthracite to replace coke were suc- 
cessful, thus reducing the production cost of ammonia by 25 to 30 percent. In order to substitute coal briquettes for lump 
anthracite, the Beijing Research Institute of Coal Chemistry developed a coal briquetting process in which humate was used as a 
binder to produce synthetic gas for chemical fertilizer production. This process has been applied to production. 

YUNNAN PROVINCE COAL GASIFICATION PLANT - Peo ple's Republic of China (C-630) 
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COMPLErED AND SUSPENDED PROJECTS 

Proiect 

A-C Valley Corporation Project 

Acurex-Aerotherm Low-BTU Gasifier 
for Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced Flash Hydropyrolsis 

Agglomerating Burner Project 

Air Products Slagging Gasifiei 
Project 

Alabama Synthetic Fuels Project 

Amax Coal Gasification Plant 

Appalachian Project 

Aqua Black Coal-Water Fuel 

Arkansas Lignite Conversion 
Project 

Australian SRC Project 

Beach-Wibaux Project 

Beacon Process 

Bell High Mass Flux Gasifier 

Beluga Methanol Project 

BI-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Slagging Project 

Car-Mox Low-ETU Gasification 
Project

Soonsors 

A-C Valley Corporation 

Acurex-Aerotherm Corporation 
Glen-Gory Corporation 
United States Department of Energy 

Arthur D. Little, Inc. 
Foster-Wheeler 
United States Department of Energy 

Rockwell International 
U.S. Department of Energy 

Battelle Memorial Institute 
United States Department of Energy 

Air Products and Chemicals, Inc 

AMTAR Inc. 
Applied Energetics Inc. 

AMAX Inc. 

M. W. Kellogg Co. 
United States Department of Energy 

Gallagher Asphalt Company, 
Standard Havens, Inc. 

Dow Chemical Company, 
Electec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development fly, 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 SFR 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page B-fl 

June 1981; page 4-47 

September 1978; page B-fl 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

September 1989; page 4-53 

December 1986; page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1985; page 4-62 

December 1981; page 4-12 

December 1983; page 4-77 

March 1985; page 4-63 

December 1983; page 4-78 

September 1983; page 4-62 

March 1987; page 4-90 

December 1985; page 4-73 

March 1980 page 4-53 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Project Sponsors Last Appearance in SPR 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page B-25 

Caterpillar Low BTU On 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 
Sea	 Island Project rs 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) 
poster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page 8-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Chiriqui Grande Project Ebasco Services, Inc. June 1987; page 4-51 
United States State Department (Trade &Development) 

Chokecherry Project Energy Transition Corporation December 1983; page 4-81 

Circle West Project Meridian Minerals Company September 1986; page 4-58 

Clark Synthesis Gas Project Clark Oil and Refining Corporation December 1982; page 4-85 

Clean Coke Project United States Department of Energy December 1978; page B-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page 8-26 

Coalex Process Development Coalex Energy December 1978; page B-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Colstrip Cogeneration Project Bechtel Development Company December 1990; page 4-59 
Colstrip Energy Limited Partnership 
Pacific Gas and Electric Company 
Rosebud Energy Corporation
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STATUS OF COAL PROJECTS 

COMPUTED AND SUSPENDED PROJECTS (Continued) 

Soonsors 

Columbia Gas System, Inc. 

Consumer Energy Corporation 

British Gas Corporation 
British Department of Energy 

Conoco Coal Development Company 
Consolidated Gas Supply Company 
Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy

Project 

Columbia Coal Gasification 
Project 

Combined Cycle Coal Gasification 
Energy Centers 

Composite Gasifier Project 

Conoco Pipeline Gas Demonstra-
tion Plant Project

Last Appearance in SFR 

September 1982; page 4-72 

December 1982; page 4-86 

September 1981; page 4-56 

September 1981; page 4-57 

Cool Water Gasification Program	 Bechtel Power Corporation	 September 1989 page 4-58 
Empire State Electric Energy Research Corporation 
Electric Power Research Institute 
General Electric Company 
Japan Cool Water Program Partnership 
Sohio Alternate Energy 
Southern California Edison 

Cores Iron Making Process	 Korf Engineering	 March 1990; page 4-51 

Cresap Liquid Fuels Plant	 Fluor Engineers and Constructors 	 December 1979 page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification 
Project 

Crow Indian Coal-to-Gasoline 
Project 

Danish Gasification Combined 
Cycle Project

Crow Indian Tribe 
United States Department of Energy 

Crow Indian Tribe 
Tin nsWorid Resources 

Elkzaft

December 1983; page 4-84 

September 1984; page C-S 

December 1991; page 4-75 

DeSota County, Mississippi Mississippi Power and light 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal Liquefaction Process Dow Chemical Company 
Development 

Dow Gasification Process Development Dow Chemical Company 

EDS Process Anaconda Minerals Company 
EM 
Electric Power Research Institute 
Enon Company USA 
Japan Coal Liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohlc AG. 
United States Department of Energy 

Elmwood Coal-Water-Fuel Project Foster Wheeler Tennessee

September 1981; page 4-58 

December 1994; page 4-70 

June;1987 page 4-53 

June 1985; page 4-63 

March 1987; page 4-66 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project Sponsors Last Appearance in SPit 

Emery Coal Conversion Project Emery Synfuels Associates: December 1993; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985; page 4-66 

Escrick Cyclone Gasifier Test Oaklands Limited March 1991; page 4-81 

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 
Fiat TFG 
KRW Energy Systems, Inc. 

Flash Pyrolysis Coat Occidental Research Corporation December 1982; page 4-91 
Conversion United States Department of Energy 

Flash Pyrolysis of Coat Brookhaven National Laboratory June 1988; page 4-69 

Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 
Project United States Department of Energy 

Fuel Gas Demonstration Plant Foster-Wheeler Energy Corporation September 1980; page 4-68 
Program United States Department of Energy 

Fulaiji Low-BTU Gasifier M.W. Kellogg Company December 1988; page 4-59 
People's Republic of China 

Gas Turbine Systems Development Curtiss-Wright Corporation December 1983; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Greek Lignite Gasification Project Nitrogenous Fertilizer Industry (AEVAL) September 1988; page 4-61 

Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

GSP Pilot Plant Project German Democratic Republic December 1991; page 4-80 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance

Hanover Energy Doswell Project 	 Doswell Limited Partnership 	 March 1991; page 4-84 

H-Coal Pilot Plant	 Ashland Synthetic Fuels, Inc. 	 December 1983; page 4-92
Conoco Coal Development Company 
Electric Power Research Institute
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Proiect 

Hillsborough Bay Coal-Water 
Fuel Project 

Howniet Aluminum 

H-R International Syngas Project 

Huenxe COT Coal Gasification Pilot Plant 

Hydrogen from Coal 

HYGAS Pilot Plant Project 

ICGG Pipeline Gas Demonstra-
tion Plant Project 

Integrated Two-Stage Liquefaction 

ITT Coal to Gasoline Plant 

Kaiparowits Project 

Kennedy Space Center Polygeneration 
Project 

Ken-Tex Project 

Keystone Project 

King-Wilkinson/Hoffman Project 

KILnGAS Project 

Kiockner Coal Gasifier 

Kohle Iron Reduction Process

Sponsors 

Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

ARC-Coal Inc. 
Bechtel Power Corporation 
COMCO of America, Inc. 

Howmet Aluminum Corporation 

H-R International, Inc. 
The Slagging Gasification Consortium 
Carbon Gas Technology (COT) GmbH 

Air Products and Chemicals, Inc. 
United States Department of Energy 

Gas Research Institute 
Institute of Gas Technology 
United States Department of Energy 

Illinois Coal Gasification Group 
United States Department of Energy 

Cities Service/Lummus 

International Telephone & Telegraph 
J. W. Miller 
United States Department of Energy 

Arizona Public Service 
San Diego Gas and Electric 
Southern California Edison 

National Aeronautics & Space 
Administration 

Texas Gas Transmission Corporation 

The Signal Companies 

Li. Hoffman 
King-Wilkinson, Inc. 

Allis-Chalmers 
State of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company 

Kiockner Kohlegas 
CRA (Australia) 

Weirton Steel Corp 
U.S. Department of Energy

Last Appearance in Slit 

September 1985; page 4-69 

March 1985, page 4-74 

December 1985, page 4-80 

March 1991; page 4-85 

December 1978; page 13-31 

December 1980; page 4-86 

September 1981; page 4-66 

September 1986; page 4-69 

December 1981; page 4-93 

March 1978; page B-18 

June 1986; page 445 

December 1983; page 4-95 

September 1986; page 4-71 

March 1985; page 4-80 

December 1988; page 4-65 

March 1987; page 4-74 

December 1987; page 4-75 

SYNTHETIC FUELS REPORT, MARCH 1992 
445



STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Project Sponsots Last Appearance in SPIt 

KRW Energy Systems Inc. Advanced M.W. Kellogg Company December 1991; page 4-84 
Coal Gasification System for U.S. Department of Energy 
Electric Power Generation Westinghouse Electric 

Lake DeSmet SNG From Coal Texaco Inc. December 1982; page 4-98 
Project Transwestern Coal Gasification Company 

LaPorte Liquid Phase Methanol Air Products and Chemicals Inc. December 1991; page 445 
Synthesis Diem Systems Inc. 

Electric Power Research Institute 
U.S. Department of Energy 

Latrobe Valley Coal Lique- Rheinische Draunkohlwerke 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 Corn- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 449 
Project University of North Dakota 

Lulea Molten Iron Gasification Pilot Plant KHD Humbolt Wedag AG and March 1991; page 4-90 
Sumitomo Metal Industries, Ltd. 

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 

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 01 Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors	 Last Appearance in SPit 

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 448 
(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 Ainerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser 

Minnegasco High-BTU Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy 

Minnegasco Peat Biogasiflcation Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Minnesota Power ELF'UEL Project Minnesota Power & Light June 1991; page 4-82 
BM Coal 
Institute of Gas Technology 
Electric Power Research Institute 
Bechtel Corporation 

Mobil-M Project Mobil Oil Company September 1982; page 4-88 

Molten Salt Process Development Rockwell International December 1983; page 4-101 
- United States Department of Energy
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project Sponsors Last Appearance in SPIt 

Mountain Fuel Coal Gasification Process Mountain Fuel Resources September 1988; page 4-67 
Ford Bacon & Davis 

Mulberry Coal-Water Fuel Project CoaLãquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

National Synfuels Project Elgin Butler Brick Company September 1988; page 4067 
National Synfuels Inc. 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Sluriytech, Inc. 

New Mexico Coat 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 

NYNAS Energy Chemicals Complex AGA December 1990; page 4-76 
A. Johnson & Company 
Swedish Investment Bank 

Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Oct & Gas GmbH 

Ohio! 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 Coal/Oil Coprocessing Project 	 Ohio Clean Fuels, Inc. 	 June 1991; page 4-84 
Stone and Webster Engineering Corp. 
HRI Inc. 
Ohio Coal Development Office 
United States Department of Energy 	 - 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Prolect 

Ohio Valley Synthetic Fuels 
Project 

Ott Hydrogeneration Process 
Project 

Peat-by-Wire Project 

Peat Methanol Associates Project 

Pcnn/Sharon/Klockner Project 

Philadelphia Gas Works Synthesis 
Gas Plant 

Phillips Coal Gasification 
Proj cc 

Pike County Low-BTU Gasifier 
for Commercial Use 

Plasma Arc Torch 
Corporation 

Port Sutton Coal-Water Fuel Project

Sponsors 

Consolidated Natural On System 
Standard Oil Company of Ohio 

Carl A. Ott Engineering Company 

P9W Corporation 

ETCO Methanol Inc. 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Kiockner Kohlegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works 
United States Department of Energy 

Phillips Coal Company 

Appalachian Regional Commission 
Kentucky, Commonwealth of 
United States Department of Energy 
Swindell-Dresser Company 
Technology Application Service 

ARC-Coal, Inc. 
COMCO of America, Inc.

Last Appearance in SFR 

March 1982; page 4-68 

December 1983; page 4-107 

March 1985; page 4-89 

June 1984; page 4-85 

March 1985; page 4-72 

December 1983; page 4-108 

September 1984; page C-28 

June 1981; page 4-78 

December 1978; page 9-33 

December 1985; page 4-86 

Powerton Project Commonwealth Edison 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project Integrated Carbons Corporation 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource 
Canada Research Fund 

Alberta Research Council 

Riser Cracking of Coal Institute of Gas Technology 
United Sates Department of Energy 

RUHRIOO Project Ruhrgas AG 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Rheinbraun Hydrogasification of Coal Reinische Braunkohlenwerke 
Lurgi GmbH 
Ministry of Research & Technology

March 1919; page 4-86 

December 1993; page 4-108 

December 1978; page B-34 

March 1985; page 4-90 

December 1981; page 4-93 

September 1984; page C-29 

December 1987; page 4-80 

SYNTHETIC FUELS REPORT, MARCH 1992 
4-89 



STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Prolect	 Sponsors 

Saarbergwerke-Otto Gasification 	 Saarbergwerke AG 
Process	 Dr. C Otto & Company

Last Annearance in SFR 

June 1984; page 4-86 

Savannah Coal-Water Fuel Projects 

Scnibgrass Project 

Sesco Project 

Sharon Steel

Foster Wheeler Corporation 

Scrubgrass Associates 

Solid Energy Systems Corporation 

Klocicner Kohiegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation

September 1995; page 4-77 

March 1990; page 4-69 

December 1983; page 4-110 

March 1985; page 4-92 

Shell Coal Gasification Project Shell Oil Company June 1991; page 4-89 
Royal Dutch/Shell Group 

Simplified 10CC Demonstration Project General Electric Company September 1986; page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy 

Slagging Gasification Consortium Babcock Woodall-Duckbam Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The ROC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Uma 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 Ugfling 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 
Wbeelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page 14-35 
Institute of Gas Technology 
United States Department of Energy 

Synthetic 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 445
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Proiect Sponsors Last Appearance in SFR 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Toscoal Process Development TOSCO Corporation September 1988; page 4-72 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

TVA Ammonia From Coal Project Tennessee Valley Authority September 1989; page 4-77 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown 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 

Underground Coal Gasification, Energy International March 1990; page 4-76 
Ammonia/Urea Project 

Underground Gasification of Anthracite, Spruce Creek Energy Company March 1990; page 4-76 
Spruce Creek 

Underground Coal Gasification, Joint Government of Belgium March 1990; page 4-74 
Belgo-German Project 

UCG Brazil Compannia Auxiliar de Empresas Electricas Brasileriras September 1988; Page 4-75 

UCG Brazil Companhia Auriliar de Empresas Electricas Brasileiras December 1988; page 4-25 
U.S. DOE 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, British Coal September 1987; page 4-76 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985; page 4-75 
Hanna Project United States Department of Energy 

Underground Coal Gasification, Leigh Creek Government of South Australia September 1989; page 4-81 

Underground Coal Gasification Lawrence Uvermore National Laboratory December 1983; page 4-119 
I-Joe Creek Project United States Department of Energy 

Underground Coal Gasification LLNL Lawrence Livermore National Laboratory December 1990; page 4-84 
Studies
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Proiect 

Underground Coal Gasification 

Underground Coal Gasification 
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, India 

Underground Coal Gasification, 
Thunderbird II Project 

Underground Coal Gasification, 
Washington State 

Underground Gasification of 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion 
Project 

University of Minnesota 
Low-BTU Gasifier for Commer-
cial Use 

Utah Methanol Project 

Verdigris 

Virginia Power Combined Cycle Project

Sponsors 

Mitchell Energy 
Republic of Texas Coal Company 

ARCO 

Amoco Production Company 

Groupe d'Etudes de to Gazeification Souterraine 
Charbonnages de France 
Ga de France 
Institut Francais du Petiole 

Basic Resources, Inc. 

Texas A & M University 

Oil and Natural Gas Commission 

In Situ Technology 
Wold-Jenkins 

Sandia National Laboratories 

Basic Resources, Inc. 

Union Carbide/Linde Division 
United States Department of Energy 

University of Minnesota 
United States Department of Energy 

Questar Synfuels Corporation 

Agrico Chemical Company 

Consolidation Coal 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company

Last Appearance in SFR 

March 1985; page 4-98 

December 1983; page 4-120 

March 1990 page 4-76 

December 1987; page 4-86 

December 1983; page 4-121 

December 1983; page 4-121 

March 1991; page 4-104 

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 

December 1985; page 4-90 

September 1984; page C-35 

December 1985; page 4-90 

Watkins Project
	 Cameron Engineers, Inc

	 March 1978; page B-fl 

Westinghouse Advanced Coal 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification 

Wyoming Coal Conversion Project 

Zinc Halide Hydrocracking 
Process Development

KRW Energy Systems Inc. 	 September 1985; page 4-80 

United Synfuels Inc. 	 September 1984; page C-36 

WyCoalGas, Inc. (a Panhandle Eastern	 December 1982; page 4-112 
Company) 

Conoco Coal Development Company	 June 1981; page 4-86 
Shell Development Company
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INDEX OF

Company or Ornnization Proiect Name 

ACME Power Company ACME Coal Gasification Desulfurizing Process 4-47 

AECI Ltd. ABC Ammonia/Methanol Operations 4-48 
Coalplex Project 4-54 

Air Products and Chemicals, Inc. Laporte Alternative Fuels Development Program 4-65 

Alastair Gillespie & Associates Ltd. Scotia Synfuels Project 4-73 

AMAX AMAX/EMRC Mild Gasification Demonstration	 . 4-49 
Mild Gasification of Western Coal Demonstration 4-67 

Amoco British Solvent Liquid Extraction Project 4-51 

Beijing Research Institute of Coal Chemistry BRICC Coal Liquefaction Program 4-50 
China Ash Agglomerating Gasifier Project 4-53 

BEWAG AG BEWAG GCC Project 4-49 

Bharat Heavy Electricals Ltd. BHEL Coal Gasification Project 449 
DUEL Combined Cycle Demonstration 4-50 

BP United Kingdom, Ltd. Monash Hydroliquefaction Project 4-67 

British Coal Corporation Advanced Power Generation System 4-48 
British Coal Liquid Solvent Extraction Project 4-51 
CRE Spouted Bed Gasifier 4-55 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-51 

British Gas Corporation MRS Coal Hydrogenator Process Project 4-68 
Slagging Gasifier Project 4-74 

Broken Hill Pty. Co. Ltd. Broken Hill Project 4-51 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-52 

Brown Coal Liquefaction Pty. Ltd. Victorian Brown Coal Liquefaction Project 4-78 

Calderon Energy Company Calderon Energy Gasification Project 4-52 

Canadian Energy Developments Frontier Energy Coprocessing Project 4-58 

Canadian Federal Government Western Canada IGCC Demonstration Plant 4-79 

Carbocol Colombia Gasification Project 4-55 

Carbon Fuels Corp. Char Fuels Project 4-53 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 4-56 

Char Fuels of Wyoming Char Fuels Project 4-53 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-66 
Corporation 

Coal Association of Canada Western Canada IGCC Demonstration Plant 4-79 

Coal Conversion Institute, Poland Polish Direct Liquefaction Process 4-69 

Coal Corporation of Victoria Monash 1-lydroliquefaction Project 4-67 

Coal Gasification, Inc. COGA-1 Project 4-55
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Company or Organization	 Proiect Name
	

pace 

4-66 

4-65 
4-62 

4-58 

4-52 

4-59 

4-56 

4-73 

4-56 
4-78 

4-73 

4-49 

4-47 
4-65 

4-57 

4-58 

4-71 

4-51 

4-54 
4-54 

4-59 

4.48 

4-58 

4-50 
4-59 
4-71 

4-59 

4-73 

4-75 

4-62 
4-62 

4-68 
4-63 

4-64 

4-69 

Coal Technology Corporation 

Combustion Engineering 

Commonwealth Energy 

Continental EnergjAssociates 

Dakota Gasification Company 

Delmarva Power & Light 

Demkolec B.V. 

Destec Energy, Inc. 

DEVCO 

EAB Energie-Arilagen Berlin GmbH 

Electric Power Research Institute 

Elsam 

Encoal Corporation 

END ESA 

European Economic Community 

Fundacao de Ciencia e Technologia (CIENTEC) 

GE Environmental Services, Inc. 

GEC/Alsthom 

General Electric Company 

German Federal Ministry of 
Research & Technology 

GFK Gesellschaft fur Kohleverfiussigung 

Gulf Canada Products Company 

HOECHST AG 

Institute of Gas Technology 

Interproject Service AB 
ISCOR 

K-Fuel Partners 

The M.W. Kellogg Company

Mild Gasification Process Demonstration Unit 

Lakeside Repowering Gasification Project 
IMI-IEX Molten Carbonate Fuel Cell Demonstration 

Freetown IGCC Project 

Can-Do Project 

Great Plains Synfuels Plant 

Dclaware Clean Energy Project 

SEP IGCC Power Plant 

Dow Syngas Project 
Wabash River Coal Gasification Repowering Project 

Scotia Coal Synfuels Project 

BEWAG GCC Project 

Advanced Coal Liquefaction Pilot Plant 
Laporte Alternative Fuels Development Program 

Etsam Gasification Combined Cycle Project 

Encoal LFC Demonstration Plant 

Puertollano 10CC Demonstration Plant 

British Coal Liquid Solvent Extraction Project 

CIGAS Gasification Process Project 
CIVOGAS Atmospheric Gasification Pilot Plant 

GE Hot Gas Desulfurization 

Advanced Power Generation System 

Freetown 10CC Project 

Bottrop Direct Coal Liquefaction Pilot Plant Project 
GFK Direct Liquefaction Project 
Rheinbraun High Temperature Winkler Project 

GFK Direct Liquefaction Project 

Scotia Coal Synfuels Project 

Synthesegasanlage Ruth 

lOT Mild Gasification Project 
IMHEX Molten Carbonate Fuel Cell Demonstration 

P-flG Process 
ISCOR Melter-Gasifier Process 

K-Fuel Commercial Facility 

PElt Generic Coal Liquefaction Plants 
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INDEX OF COMPANY INTERESTS (Continued) 

Company or Omnization 

Kilborn International 

Knipp Koppers GmbH 

Louisiana Gasification Technology, Inc. 

Lurgi GmbH 

M-C Power Corporation 

Minister of Economics, Small Business and 
Technology of the State of North-Rhine, 
Westphalia 

Mission Energy 

Monash University 

Morgantown Energy Technology Center 

New Energy and Industrial Technology 
Development Organization 

Nippon Steel Corporation 

Nokota Company 

NOVA 

Nova Scotia Resources Limited 

Osaka Gas Company 

Otto-Simon Carves 

People's Republic of China 

Petro-Canada 

PowerGen 

PSI Energy Inc. 

Research Ass'n For Hydrogen From Coal Process 
Development, Japan 

Rheinische Braunkohlwerke AG 

Rosebud SynCoal Partnership 

Ruhrkohle AG 

Ruhrkohle Get und Gas GmbH

Pro'iect Name 

Pressurized fluid Bed Combustion Advanced Concepts 

Frontier Energy Coprocessing Project 

PRENFLO Gasification Pilot Plant 

Dow Syngas Project 

BEWAG GCC Project 
Rbeinbraun High-Temperature Winkler Project 

IMHEX Molten Carbonate Fuel Cell Demonstration 

Bottrop Direct Coat Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAR) 

Delaware Clean Energy Project 

Monash Hydroliquefaction Project 

GE Hot Gas Desulfurization 

CRIEPI IGCC Demonstration Project 
Nedol Bituminous Coal Liquefaction Project 

P-CIG Process 

Dunn Nokota Methanol Project 

Scotia Coal Synfuels Project 

Scotia Coal Synfuels Project 

MRS Coal Llydrogenator Process Project 

CRE Spouted Bed Gasifier 

Mongolian Energy Center 
Shanghai Chemicals from Coat Plant 
Shougang Coal Gasification Project 
Yunnan Province Coal Gasification Plant 

Scotia Coal Synfuels Project 

Advanced Power Generation System 

Wabash River Coal Gasification Repowering Project 

1-lycol Hydrogen From Coal Pilot Plant 

Rheinbraun High-Temperature Winkler Project 

Western Energy Advanced Coal Conversion Process Demonstration 

Bottrop Direct Coal Liquefaction Pilot Plant Project 
British Coal Liquid Solvent Extraction Project 
Synthesegasantage Ruhr (SAR) 

BEWAG GCC Project

Page 

4-70 

4-58 

4-70 

4-56 

4-49 
4-71 

4-62 

4-50 
4-75 

4-56 

4-67 

4-59 

4-56 
4-68 

4-68 

4-57 

4-73 

4-73 

4-68 

4-55 

4-67 
4-74 
4-74 
4-80 

4-73 

4-48 

4-78 

4-61 

4-71 

4-79 

4-50 
4-51 
4-75 

4-49 
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Company or Organization Prole" Name 

RWE Energie AG KoBra High-Temperature Winkler 10CC Demonstration Plant 4-64 

Saabergwerke AG GFK Direct Liquefaction Project 4-59 

Sasol Limited Sasol 4-72 

SEP SEP 10CC Power Plant 4-73 

Shanghai Coking & Chemical Corporation WujingTrigeneration Project 4-79 

Sierra Pacific Power Company Pinon Pine 10CC Power Plant 4-69 

South Australia, Government of South Australian Coal Gasification Project 4-74 

Southern Company Services, Inc. Hot Gas Cleanup Process 4-61 

Stadtwerke Duisburg German 10CC Power Plant 4-59 

Star Enterprise Delaware Clean Energy Project 4-56 

Tampella Power Tampella 10CC Process Demonstration 4-75 

TECO Power Services TECO 10CC Plant 4-75 

Tennessee Eastman Company Chemicals From Coal 4-53 

Texaco Inc. Delaware Clean Energy Project 4-56 
Texaco Montebello Research Laboratory Studies 4-76 

Texaco Syngas Inc. Delaware Clean Energy Project 4-56 
Freetown 10CC Project 4-58 
Texaco Cool Water Project 4-76 

TherrnoChem, Inc. ThennoChem Pulse Combustion Demonstration 4-76 

TAMCO Power Partners Tom's Creek 10CC Demonstration Plant 4-77 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-77 

Uhde GmbH Itheinbraun High-Temperature Winkler Project 4-71 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-63 

United Kingdom Department of Energy Advanced Power Generation System 448 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-47 
Brookhaven Mild Gasification of Coal 4-52 
Calderon Energy Gasification Project 4-52 
Encoal LFC Demonstration Plant 4-58 
Frontier Energy Coprocessing Project 4-58 
Hot Gas Clean Up Process 4-61 
Lakeside Repowering Gasification Project 4-65 
Laporte Alternative Fuels Development Program 4-65 
Mild Gasification Process Demonstration Unit 4-66 
PElt Generic Coal Liquefaction Plants 4-69 
Pinon Pine 10CC Power Plant 4-69 
TECO 10CC Plant 4-75 
ThermoChem Pulse Combustion Demonstration 4-76 
Tom's Creek 10CC Demonstration Plant 4-77
Western Energy Advanced Coal Conversion Process Demonstration 4-79 

University of North Dakota Energy and 	 AMAX/EMRC Mild Gasification Demonstration	 449 

SYNTHETIC FUELS REPORT, MARCH 1992 
4-96 



STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS (Continued) 

Company or Oraanization 

Environmental Research Center 

Veba OcI GmbH 

Vercinigtc Eleklrizitatswerke Westfalen AG 

Victoria, State Government of 

Virginia Iron Industries Corp. 

Vocst-Alpinc lndustricanlagcnbau 

Western Energy Company 

Western Research Institute 

Weyerhauser 

Wyoming Coal Refining Systems, Inc. 

Yunnan Province, China

Project Name

Bottrop Direct Coal Liquefaction Pilot Plant Project 4-50 

VEW Gasification Process 4-77 

Victorian Brown Coal Liquefaction Project 4-78 

Virginia Iron Corer Project 4-78 

ISCOR Melter Gasifier Process 4-63 

Western Energy Advanced Coal Conversion Process Demonstration 4-79 

Mild Gasification of Western Coal Demonstration 4-67 

ThennoChem Pulse Combustion Demonstration 4-76 

ChaTFuel Project 4-53 

Yunnan Lurgi Chemical Fertilizer Plant 4-80
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PROJECT ACTIVITIES 

GAS-TO-LIQUIDS PLANT PLANNED FOR COLORADO 	 The study began early in 1992, and will continue through the 
SHALE OIL FACILITY	 year. 

A new company, Colorado Clean Fuels, has announced plans 
to convert Unocal Corporation's idle Parachute, Colorado 
shale oil upgrading plant to a natural gas conversion plant. 

Colorado Clean Fuels hopes to produce 4,500 barrels a day 
of methanol, super premium diesel fuel, naphtha, and wax. 

The full-time operations work-force, planned for late 1993, 
will be 21 workers. Unocal closed the plant along with the 
oil shale retorting plant in 1991 and eliminated 680 jobs after 
the plant failed to meed production requirements. 

The natural gas conversion plant will occupy only Unocal's 
upgrading plant, not the retorting plant site, so proposed oil 
shale test projects could still be run at the retort plant far-
ther up Parachute Creek.

tin 

BIG REACTORS DELIVERED FOR MALAYSIA MIDDLE 
DISTILLATE PLANT 

Four reactors for the heavy paraffin synthesis unit have been 
delivered for the Shell Middle Distillates Synthesis (SMDS) 
plant being built at Bintulu in Eastern Malaysia. These ves-
sels, said to be the largest of their kind in the world, were 
built by Italy's Belleli at its Mantova and Taranto manufac-
turing plants. Overall construction of the SMDS plant is 
being handled by JGC Corporation of Japan. 

JAPAN TO CONSIDER SYNTHETIC GASOLINE? 

According to a report in Q2J and Synfuels TechnoloRy one 
of Japan's largest trading houses is conducting a feasibility 
study of producing synthetic gasoline from Siberian natural 
gas. 

Nissho lwai Corporation is working with Surgut Gas, a Rus-
sian state-owned gas producer operating in Siberia. The ven-
ture is considering building a $2 billion refinery, which would 
also yield other chemicals. 

Details were not given, but the project would probably use a 
technology similar to that of the Motonui synfuels plant in 
New Zealand.

flit 

CLOSURE OF NEW ZEALAND SYNFUELS PLANT DUE 
TO EXHAUSTION OF RESERVES FORESEEN 

According to W. Makeig of the Energy Foundation of New 
Zealand, the ready availability of cheap energy over the past 
generation has lulled many New Zealanders into a false 
sense of energy security. The plentiful hydro resources, large 
natural gas fields and growing transport fuel self-sufficiency 
of the past decade have numbed both vision and perspective. 

These times of apparent energy plenitude are about to come 
to an end, says Makeig, and unless all New Zealanders look 
to their energy future soon they are certain to face an 
economic crisis of greater proportions than anything ex-
perienced in the past 5 years. 

Last September, the Energy Foundation published a supply 
and demand forecast through 2010, that is said to be the 
first truly authoritative supply and demand forecast 
produced in New Zealand. 

While energy supplies in all sectors are adequate to meet 
demand through the year 2000, the expected run down of the 
Taranaki gas and condensate fields, which currently supply 
some 88 percent of New Zealand's gas and transport fuel re-
quirements, poses a number of serious supply problems. 

Unless further hydrocarbon reserves are discovered and 
developed quickly, around the year 2005 the synthetic 
gasoline and methanol plants will have to close. The loss of 
the synthetic fuel supply, and the loss of condensate 
feedstock for the New Zealand refinery will lead to the need 
for substantially increased imported oil supplies. This will 
cost New Zealand an additional $500 million a year in for-
eign exchange. Finally, gas supplies will dwindle at the same 
time as electricity demand outstrips current supply. By 2010, 
the increased demand will be the equivalent of a new Clyde 
dam every 2 years. 

Some propose a dramatic increase in the price of energy to 
discourage demand. But that option is likely to fuel infla-
tion. 

Recent history indicates that New Zealand has good 
prospects for further oil and gas finds, but current activity is 
very low, a reflection of the industry's view that the rewards 
do not outweigh the risks. Government review of the cur-
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of the ground, steam reformed, then passed through a syn-
thesis reactor where the wax absorbs the carbon monoxide 
and hydrogen and catalyzes the reaction into hydrocarbon 
molecules. 

rent fiscal and royalty regimes is an urgent priority, says 
Makeig. 

FUELCO'S SmHYrECH PLANT READY TO COME 
ONSTREAM 

Three Colorado companies—Rentech Inc., Hauser Chemical 
Research Inc., and Fuelco, the unregulated subsidiary of 
Public Service Company of Colorado, have devised a produc-
tion process to convert landfill gas into a clean-burning fuel. 
Their Synhytech process will be demonstrated at a municipal 
landfill in Pueblo, Colorado. 

Many landfill operators tap the methane produced from the 
decaying garbage to produce steam, pipeline gas, or 
electricity, but the Pueblo plant will be the first in the nation 
to convert methane into diesel fuel. 

The process takes the landfill gas—which is about 52 percent 
methane and 40 percent carbon dioxide—breaks it down and 
passes it through an iron-based slurry-phase catalyst, and ex-
tracts diesel fuel, naphtha and wax. The process is quick, 
simple, clean, and, its developers say, economical. 

In the three-way partnership Rentech had the technology, 
Hauser chemists figured out how to manufacture commercial 
quantities of the catalyst; and Fuelco "saw a vision and tried 
to make it work? Fuelco provided $16 million to build the 
Pueblo plant and $2 million for the catalyst plant in Boulder, 
Colorado. 

Fuelco became involved when Rentech, a Denver-based 
firm, was looking for money to fund a pilot project based on 
its research. Originally, natural gas was to be the feedstock. 
But an agreement with Pueblo to tap its landfill led to the 
application of the process to biomass. Rentech's proprietary 
conversion process involves an iron-based catalyst, about as 
coarse as fine sand, embedded in wax. The gas is sucked out

According to Rentech, the fuel has no sulfur, low aromatics, 
and can be made at a competitive price. 

When the Synhytech plant in Pueblo is fully operational it 
will produce 235 barrels a day of diesel fuel and other 
products. 

Fuelco's selling price for the diesel is expected to be in the 
$40 per barrel range, which would generate about 
$33 million a year in revenue. The plant's operating costs 
are estimated at about $18 per barrel, or $1.5 million a year. 

What makes the plant economical is that it qualified for the 
alternative fuels tax credit under Section 29 of the Internal 
Revenue Service Code. In addition, the feedstock—the 
landfill methane gas—is affordable; Fuelco is paying Pueblo 
$50,000 a year for it. 

According to vehicle test results at high altitude, the 
Synliytech diesel was 35 percent lower in particulate emis-
sions and produced 53 percent fewer hydrocarbons and 
41 percent less carbon monoxide in the vehicle exhaust. It 
contains no sulfur and only low levels of aromatics, and no 
engine modifications are required. 

A basic question which must be answered is how long the 
catalyst will last or how much will be required for sustained 
production. However, the catalyst is not expensive to 
produce, costing around $3 to $6 per pound. 

There is a lot of interest in the process internationally. Ren-
tech has granted exclusive licenses for its technology to the 
Soviet Union, Australia, China and the European Com-
munity. By the end of 1992 they hope to have several agree-
ments signed and projects ready to begin construction. 

fl's 
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ENERGY POLICY AND FORECASTS 

GRI LOWERS GAS PRICE EXPECTATIONS IN 
1992 OUTLOOK 

The 1992 edition of the Gas Research Institute's (GRI) 
Lone-Term Trends in United States Gas Sunplv and Prices 
Outlook to 2010 was released in December 1991. This is an 
annual publication produced by Gill to be used for strategic 
planning of the Institute's research and development 
program. The report gives a projection of the outlook for 
United States energy supply and demand and the role that 
natural gas will play within that outlook. 

This year's projection revises the expected price for domestic 
natural gas in the year 2010 sharply downward, from 
$5.55 per million BTU in 1991 to $436 per million BTU in 
the 1992 edition. The major points of the study are sum-
marized below. 

Supply Outlook 

The outlook for gas supply has become increasingly optimis-
tic in the 1980s and 1990s. This is in sharp contrast to the 
1970s, when gas supply was expected to decline and become 
very expensive. In the 1970s, public policy was directed 
toward protecting what was expected to be a shrinking, in-
creasingly expensive gas supply for high-priority customers 
(e.g., homes, hospitals, schools). Industrial and electricity 
generation customers were to be switched to other fuels. In 
the 1990s, however, gas is viewed as capable of meeting an 
expanded demand at low-to-moderate prices. Industrial and

electricity generation customers will pay a significant role in 
this expanded demand. 

The 1992 edition of the CR! Baseline Projection reflects this 
increased supply outlook. Both imports and United States 
production numbers are up slightly from the 1992 edition. 
By 2010, gas consumption accounts for more than 24 percent 
of United States energy consumption, compared to 
23 percent in 1990. 

Table 1 summarizes the outlook for United States gas supply 
and compares the projected figures for 1991 versus the 1992 
projection. 

United States gas supply increases 28 percent between 1990 
and 2010 in the 1992 projection. All three sources of United 
States gas supply contribute to this increase. While the in-
creases in United States gas production and imports are al-
most the same, the periods during which most of their 
growth occurs are different. Through 1995, imports provide 
almost all of the increased supply; after 1995, United States 
gas production provid3s more than two-thirds of the in-
creased supply. By 2010, 15 percent of United States gas 
supply is obtained from imports, compared to about 
8 percent in 1990. 

Liquefied natural gas (LNG) imports grow steadily 
throughout the projection period. The growth in LNG fin-
ports past the year 2000 exceeds the capacity of the existing 

TABLE 1 

U.S. GAS SUPPLY TO 2010 
(Quadrillion ff11.3) 

1990	 -2000--	 -2010--
Source	 (actual)

	
91	 92	 91	 92 

U.S. Natural Gas Production 
Lower-48 States 
Alaska

Gas Imports 
Pipeline 
LNG 

Supplements 
Coal Gasification 
Others 

Total

183 18.6 19.1 20.8 20.8 
17.9 18.7 19.2 
0.4 0.4 1.7 
1.5 2.8 3.2 2.8 3.7 
1.4 2.4 2.5 
0.1 0.8 12 

(0.4) 03 03 03 03 
0.1 0.1 0.1 

(0.4) 0.2 0.2 

19.4 213 22.6 23.9 24.9
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terminals. As a result, some new LNG capacity will be con-
structed after the year 2000. The LNG imports in the 
year 2010 about equal the current estimate of the ultimate 
expanded capacity for existing LNG terminals. Significant 
increases in LNG imports beyond 1.2 quads would require 
new terminals. 

Supplemental supplies play a minor role in the overall 
United States gas supply picture. The growth in other sup-
plemental sources is largely near term and reflects the role 
these sources play in smoothing the transition from the "gas 
bubble" to the long-term trends. The coal gasification supply 
reflects the continued operation of the Great Plains coal 
gasification plant. 

United States gas production is stable through 1995 and then 
begins to grow. By the year 2010, United States gas produc-
tion has increased 14 percent to 20.8 quads, its highest level 
since the early 1970s. The large lump in Alaska production 
in the year 2010 is due to the beginning of gas deliveries 
from North Alaska to the Lower-48. 

The stability in Lower-48 natural gas production through 
1995 reflects the effects of the "gas bubble" and low prices on 
near-term drilling activity. While projected drilling activity 
grows in the near term, increased Lower-42 gas production 
lags the recovery in drilling activity. After 1995, production 
begins to recover, growing through 2005. 

After 2005 Lower-48 gas production is stable, although 
Lower-48 reserves could support somewhat higher gas 
production. This decline reflects the effects of the beginning 
of gas deliveries from North Alaska to the Lower-48 gas 
market in 2007 and their expansion in 2010. The incremental 
volumes that enter the Lower-48 gas market from North 
Alaska are larger than the growth in Lower-48 gas demand 
between 2007 and 2010. As a result, production from Lower-
42 reserves declines. 

The effects of the North Alaska gas on Lower-48 "takes" can 
be seen in the growth of the reserves-to-production (RP) 
ratio. In 2005, the RP ratio is 8.1; in 2010, it has grown to 
9.0. (About one-third of the increased RP ratio reflects the 
increased share of less conventional gas in Lower-48 
reserves.) The North Alaska gas can be said to have created 
a small "gas bubble." A more rapid growth in Lower-48 gas 
demand during this period would absorb the North Alaska 
gas with less effect on Lower-48 "takes." 

Role of New Initiatives in the Gas Supply Outlook 

The 1992 edition of the CR1 Baseline Projection indicates 
that adequate gas supplies can be obtained at competitive 
prices to meet a growing United States gas demand. This in-
creased gas supply, however, cannot rely solely on a continua-
tion of current industry supply practices. New initiatives will 
be needed to obtain incremental gas supplies.

Table 2 categorizes the gas supply sources in the 
1992 projection by current practice or new initiatives 
(advanced technologies or new projects such as an Alaskan 
pipeline). After 1995, all the growth in United States gas 
supply comes from new initiative sources. If United States 
gas supply were only derived from current practice sources, 
gas sales to industrial and electricity generation customers in 
2010 could be almost 20 percent less than they were in 1990. 

The current practice gas supplies in Table 2 reflect continued 
development of the more conventional gas supplies using 
new field exploration and reserve appreciation arising from 
traditional development practices (e.g., new pool discoveries, 
extension drilling). Current practice sources also include 
imports from Western Canada using existing pipelines, LNG 
imports using existing terminals, and supplemental sources 
such as synthetic natural gas from petroleum and the Great 
Plains coal gasification plant. 

The gas resource base accessible to United States gas users 
under current industry practices generally reflects 1970s per-
ceptions. Through the 1970s, United States gas production 
was obtained primarily from high-permeability formations 
and oil reservoirs by the discovery of new fields and reserve 
appreciation in known fields via extension drilling and new 
pool discoveries. More intensive development of producing 
sections within a high-permeability gas field played a small 
role in gas reserve additions in most parts of the Lower-48. 
Less conventional sources (e.g., Devonian shale, tight sands, 
coalbed methane) played a minor role in industry activity. 
Production from less conventional sources was expected to 
show little or no growth because these sources were 
generally considered to require very high prices and/or new 
technology. 

In the 1980s, however, new initiatives began to expand the 
perception of the gas resource base. New technologies and 
practices developed in the 1980s or expected in the future 
indicate that less conventional gas sources can play a substan-
tial role in future gas supply, even without high prices. More 
intensive development of high-permeability gas fields is ex-
pected to also add substantial volumes of low-to-moderate 
cost gas reserves. 

New initiatives can also be undertaken to connect the North 
American gas transmission network to new gas sources (e.g., 
Alaska, Canadian frontier, Mexico, overseas gas reserves) 
and to expand the deliveries of gas from the traditional 
producing areas of Canada. These sources will involve large 
investments in new capital projects and/or government 
policy decisions. In the 1992 projection, new initiatives 
supply sources include incremental Lower-48 production 
using advanced technology, deliveries of Alaska gas to the 
Lower-48 states; and imports from traditional producing 
areas in Canada using new pipeline capacity, from the 
Canadian frontier regions, from Mexico, and through new 
LNG terminal capacity. 
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TABLE 2 

U.S. GAS SUPPLIES BY CURRENT PRACTICE AND NEW INITIATIVES 
(Quadrillion BTU) 

1990 
(actual)	 122	 20	 2005	 2012 

Current Practice 
U.S. Production, Base Technology 183 17.2 16.6 16.1 14.4 
Canada 1.4 1.7 1.7 1.7 1.7 
LNG 0.1 0.5 0.8 0.8 0.8 
Supplemental Sources (0.4) 03 02 03 03 

19.4 19.7 19.4 18.9 17.2 

New Initiatives 
Lower-48, Advanced Technology 
Alaska 
Pipeline Imports 
LNG 

Total Supply 

-	 1.0 2.5 3.6 53 
-	 - . - 1.2 
-	 0.4 0.7 0.9 0.8 
-	 - - 0.2 0.4 

0.0	 1.4 3.2 4.7 77 

19.4	 21.1 22.6 23.6 24.9

Current practice gas supply remains relatively stable in the 
1990s, but declines 11 percent between 2000 and 2010. 
Though 2000, United States gas production declines 
9 percent, but this decline is offset by increased imports. 
Most of the increased current practice imports in LNG use 
existing, but largely idle, terminal capacity. Because current 
import capacity is fully utilized by the year 2000, the current 
practice imports can no longer offset the continued decline 
in Lower-48 production. 

New initiatives gas supply plays a growing role throughout 
the projection period. By the year 2000, new initiatives 
provide 14 percent of the total supply; by the year 2010, they 
provide 31 percent. Without new initiatives gas supply, after 
the year 2000, the gas industry could not sustain the current 
levels of gas sales. 

Lower-48 gas production using advanced technology ac-
counts for most of the new initiatives gas supply, but pipeline 
imports using new pipeline capacity also play an important 
role in the 1990s. Advanced technology provides 11 percent 
of United States gas supply by 2000 and 21 percent by 2010. 
Advanced technology supply is from Devonian shale, tight 
sands, coal seams, and watered-out reservoirs. 

The contribution of advanced technology production will 
depend on the pace at which the predictability and reliability 
of new production techniques can be demonstrated and 
brought into widespread use. The 1992 projection expects

that these advanced technologies begin to become available 
in the early 1990s. A continuing and directed near-term 
supply research and development program will be required 
to make advanced technology available and widely applied 
on a timely basis. Without advanced technology supply, 
United States gas supply will show essentially no growth over 
the projection, even with the substantially increased imports 
and Alaskan gas deliveries to the Lower-48. 

The advanced technology production does not include any 
contribution from improved gas recovery from high-
permeability gas reservoirs using more intensive drilling. 11 
this gas source were included in the 1992 projection. Lower-
48 gas production could be higher. The recent United States 
Department of Energy (DOE) gas resource study indicated 
that this resource exceeds 100 trillion cubic feet. 

Price Outlook 

The gas price outlook in the 1992 edition is determined only 
for gas purchases in the Lower-48 gas market. 

Gas acquisition prices are set on a competitive basis, but the 
point of competition is at the city gate, not where the gas is 
purchased for entry into the Lower-48 gas transmission sys-
tem. As a result, the prices for each source differ sig-
nificantly. Imports have higher prices than United States 
production because they often enter the transmission system 
downstream from the wellhead. This means that the import 

SYNTHETIC FUELS REPORT, MARCH 1992 
5-5 



price reflects some transmission charges plus the wellhead 
price. The supplemental gas price (excluding coal gasifica-
tion) reflects its downstream location in the Lower-48 gas 
transmission system and its use largely as a seasonal balanc-
ing source. Table 3 shows the projected Lower-48 gas ac-
quisition prices of the 1991 and 1992 editions for the three 
general supply categories. 

Table 3 shows that the average real gas acquisition price 
grows steadily during the projection period at an average 
rate of 4.9 percent per year. Gas prices grow more rapidly in 
the 1990s, averaging 5.5 percent per year. Between 2000 and 
2010, real gas prices grow an average of 4.2 percent per year. 

The most rapid growth occurs between 1995 and 2000. Be-
tween 1995 and 2000, average gas acquisition prices grow 
5.9 percent per year, compared to 5.2 percent between 1990 
and 1995. The more rapid growth in the 1990s reflects the 
transition from gas prices under the "gas bubble" to gas 
prices more representative of replacement costs. Without 
the "bubble," current gas acquisition prices would be higher 
and the projected growth in gas prices in the 1990s would be 
less. Despite the substantial growth in gas acquisition prices 
in the 1992 projection, real gas prices do not return to their 
1984 peak until after the year 2000. 

The growth in United States production prices in the 
1992 projection reflects the combined effects of three fac-
tors: the return of gas prices to replacement cost levels as 
the "gas bubble" ends; the effects of resource depletion; and 
the recovery of drilling charges as a result of external market 
factors, such as higher oil prices and increased drilling ac-
tivity. The first factor is near term only, the last two factors 
affect gas prices throughout the projection period. 

Throughout the entire projection period, resource depletion 
accounts for about half of the growth in United States 
wellhead prices shown in Table 3. The other two factors ac-

count for the remainder, with most of the effects of drilling 
charges occurring after 2000. Therefore, the United States 
gas production trends in the 1992 projection could be main-
tained at somewhat lower gas prices because tower drilling 
charges could offset the effects of lower prices on industry 
profitability. 

The expectations driving gas acquisition prices in the 
1992 projection are changed substantially from the 
1991 projection. In the 1991 projection, gas prices were as-
sumed to be significantly less than replacement costs, and 
the "gas bubble" was expected to be essentially over by 1995. 
As a result, gas prices in the 1991 projection returned to re-
placement costs by 1995, and the growth in gas prices there-
after would be more reflective of long-term trends. 

The continued replacement of Lower-48 gas reserves at 
prices well below what the 1991 projection expected to be 
replacement costs indicates that gas replacement costs are 
lower. In addition, studies of gas deliverability by NGSA 
and GRI indicate that current Lower-48 reserves could sus-
tain much higher rates of production. This means that near-
term drilling activity does not have to grow as rapidly as in 
the 1991 projection to maintain Lower-48 deliverability. 
Therefore, upward pressures on near-term gas prices are sig-
nificantly reduced in the 1992 projection. 

Figure 1 presents the trends in real gas acquisition prices in 
the 1992 edition along with the historical prices since 1973 
versus 1991 edition projections. The figure shows a steady 
upward trend in real gas prices throughout the projection 
period. Real gas prices more than double over the projec-
tion. 

The projected price trend in the figure is divided into two 
segments. Between 1990 and the late-1990s, a range sur-
rounds the price track, reflecting the uncertainties of near-
term prices as a result of the "gas bubble." By the late-1990s, 

TABLE 3 

LOWER48 GAS ACQUISITION PRICES--1992 EDITION 
OF THE CR1 BASELINE PROJECTION 

(1991 $/MMBTU) 

1990	 —2000----- —2010—
Source	 (actual)	 91 92 91 92 

U.S. Natural Gas Production	 1.68	 335 2.86 5.55 436 
Imports	 1.87	 3.71 3.22 5.76 4.73 
Supplemental Supplies	 3.03	 4.15 4.06 6.50 6.21 

Average	 1.71	 3.41 2.93 5.59 4.44

-

-
- 
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FIGURE 1 

GAS ACQUISITION PRICE TRENDS 

(1991$/MMBTU) 

4 1991 Edition 

J102 

1933	 1990	 1995	 2000	 2010 

SOURCE: GFO

the "gas bubble" is expected to have dissipated, and the price 
trend is depicted as a single track, reflecting the long-term 
trends in gas supply. 

The particular path that near-term gas prices will follow in 
the transition from the "gas bubble" to the long-term trends 
depends on the interaction between the long-term trends in 
the gas supply picture that are captured by the baseline 
projection and near-term factors that are not included in the 
baseline projections, such as economic cycles, weather, and 
the serendipitous discoveries of large new reserves. As a 
result, gas prices might remain low through much of the near 
term before recovering to the long-term trend, or, at the 
other extreme, prices could return to replacement cost 
before 1995. 

Near-term gas prices in the 1992 projection are more consis-
tent with recent price trends because of the reduced gas re-
placement costs in the hydrocarbon model and improved 
deliverability of Lower-48 gas reserves. Nevertheless, gas 
prices increase more rapidly in the 1990s than they do after 
the year 2000 as gas to gas competition ends and gas prices 
return to replacement cost levels. This does not occur until 
after 1995, in contrast to the 1991 projection. The trend in 
Figure 1 implies that current replacement costs are on the 
order of $2.00 per million BTU (1991$), about 20 percent 
higher than average gas prices in 1990.

WA FORECASTS MODEST DEMAND FOR GAS IN 
TRANSPORT SECTOR 

According to the International Energy Agency (LEA), the 
demand for natural gas as a vehicle fuel will remain modest 
through the year 2010, even though "natural gas has poten-
tial in the transport sector in many countries." 

A recent lEA report, Natural Qj Pros pects and Policies. 
says that some countries' transportation policies are aimed at 
increasing the use of CNG or methanol produced from gas 
as a substitute for gasoline and diesel fuel and to penetrate 
the market for city bus fuels and a part of the fleet vehicle 
market, especially in regions where it will continue to be dif-
ficult to meet air quality standards. New technology, based 
on exotic catalysts, to convert natural gas to liquid also offers 
promise for gas to replace conventional transport fuel. 

LEA says that insignificant volumes of natural gas are used in 
the transport sector in OECD countries, but policies support-
ing the use of gas in this sector have been discussed by many 
governments as a way to achieve environmental targets. 

The United States Clean Air Act Amendments of 1990 call 
for a 10-year program of phased introduction of alternative 
fuels and clean-fuel vehicles resulting in the sale of a million 
such vehicles per year from 1997. Moreover, the 1990 Clean 
Air Act Amendments require reformulated gasoline 
programs beginning in 1995 in the nine major cities that use 
15 to 25 percent of the gasoline consumed in the United 
States (about 7 million barrels per day). 

To refine reformulated gasoline in order to meet the stan-
dards in the Clean Air Act, ethanol or MTBE blending is 
needed. MME is becoming the preferred additive. It is an 
oxygenate produced in a chemical process based on 
isobutylene and methanol; the latter is produced from 
natural gas. Each 1,000 barrels of MTBE production re-
quires 2 million cubic feet of natural gas. The natural gas 
market for MTBE is potentially very significant, says LEA. 

The LEA recently completed a study on the economics of 
transport fuel options, focusing on options for the near term, 
up to 2005. The Agency has concluded that the cost of the 
substitute fuel is in many cases substantially higher than that 
of conventional gasoline, but CNG and very heavy oil 
products, at the lower end of their estimated cost ranges, 
may be economically competitive. Methanol and synthetic 
gasoline made from natural gas may be close to competitive, 
under optimistic assumptions about gas prices. 

United States 

According to the report, the use of CNG in vehicles is 
projected to grow modestly through 2010 in response to 
provisions of the Clean Air Act.

- 
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Table 1 shows the range of demand forecasts to 2010 encom-
passed by the United States Department of Energy/Energy 
Information Administration Low and High World Oil Price 
scenarios and three American Gas Association (AGA) 
scenarios—Base Case, Low Energy Use and High Environ-
ment (high demand)—as well as the Gas Research Institute 
forecast. 

The AGA has estimated potentials for oil displacement in 
existing applications in the United States. Within 10 years, 
1.7 million barrels per day (96.6 billion cubic meters) could 
be displaced, including 0.24 million barrels per day in 
vehicles.

Europe and New Zealand. Demand in Western Europe has 
remained stable since 1975 at 03 billion cubic meters. In the 
year 2000, demand for natural gas is expected to reach 
0.4 billion cubic meters for use as a transportation fuel. 

The demand for natural gas in the transport sector of New 
Zealand is expected to show a much more rapid increase. 
Only 0.1 billion cubic meters of natural gas were consumed 
by the transport sector in 1989, but lEA says that demand 
will grow to 0.9 billion cubic meters in 1995 and 1.4 billion 
cubic meters in 2010. 

The forecasts in Table 1 show a wide range for demands. 
The lower end of the range is reached under the AGA Low 
Energy scenario, assuming significant conservation and high 
environmental standards. The number of natural gas 
vehicles is expected to increase under the AGA environmen-
tal policy-driven scenarios. 

Canada 

In 1987 the use of natural gas in the transport sector, mainly 
as CNG, reached 0.1 billion cubic meters (Table 2, next 
page). Incentives administered by the government, but paid 
for by producers, are expected to increase CNG conversions 
of fleet and delivery vehicles. 

As shown in the table, by 2010 Canada's demand for natural 
gas in the transport sector is projected to reach 0.2 billion 
cubic meters. 

Also shown in Table 2 are the historical and projected 
demand for natural gas in the transport sectors of Western

NATURAL GAS OUTLOOK TERMED BRIGHT AT IGT 
MEETING 

Speakers at the Institute of Gas Technology (IGT) 501h An-
niversary Symposium expressed optimism about the future of 
the natural gas industry and stressed the importance of tech-
nology in realizing its potential. The symposium was held 
last November in Chicago, Illinois. 

Asian-Pacific Rim Perspective 

Osaka Gas Company, Ltd. chairman M. Ohnishi stressed the 
complexity of the factors affecting the gas industry's research 
and development needs. 

Noting the commercialization efforts that are under way in 
both Japan and the United States, Ohnishi called the fuel 
cell the "ultimate energy-saving and pollution-free system." 
He urged the adoption of a "life-cycle energy concept" 

TABLE 1 

DEMAND FORECASTS FOR NATURAL GAS, 
UNITED STATES, 1989-2010 

(Billion Cubic Meters)

Change in Demand from 1989 
1989 To 2000 To 2010 

Residential 130 -10 to 0 -23 to 3 
Commercial 74 1 t 21 1 t 29 
Industrial 170 -19 to 25 -32 to 53 
Power Generation 76 27 to 66 45 to 68 
Transport Sector 0 0 to 19 0 to 33 
EnergySector 65 -3to5 -3to5 

Total 516 48to106 40to167
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Canada 0.1	 0.1	 0.1 

03 03 03 03 03 03 03 03 

0.1	 0.1	 0.1	 0.1	 0.1 

0.1 0.1 0.1 0.2 

03 03 0.4 

0.9 1.0 1.4

Western 
Europe	 0.1	 03 

New 
Zealand 

TABLE 2 

DEMAND FOR NATURAL GAS - TRANSPORT SECTOR
(Billion Cubic Meters)

Esti- Fore- Fore- Fore-
mates casts casts casts 

1970 1975 1979 1980 1982 1985 1986 1987 1988 1989 1990 1995 2000 2010 

in evaluating research and development, which would take 
into account energy requirements over the entire life of the 
equipment or system, including manufacturing and scrap-
ping. 

Ohnishi believes that while gas has a vital role to play in 
energy conservation and environmental protection in Asia, 
the industry is still not sufficiently developed, mainly because 
of the lack of infrastructure. The gas industry in the in-
dustrialized nations can help by promoting the transfer of 
gas-related technologies, by helping countries to obtain finan-
cial assistance, and by helping them establish infrastructure. 

European Perspective 

L. Meanti, president of the International Gas Union, noted 
that the past 20 years have seen "a conspicuous and steady 
upward trend" in gas use and the creation of a solid interna-
tional infrastructure in Europe. These factors, plus the abun-
dance of European gas reserves, favor a further phase of 
strong growth. 

Several factors favor the use of gas: high population den-
sities concentrated in large urban areas; growing concern for 
the environment, including the effects of energy transmission 
and handling; and the considerable scope for technology 
improvement. 

The outlook is clouded by three factors: the political and 
economic situation in the Soviet Union; the attempt to intro- 
duce Third Party Access in Europe, which Meanti believes 
will reduce gas companies' willingness to assume long-term 
risks; and the low price of oil versus the high cost of LNG 
projects and long-distance transmission.

North American Perspective 

Enron Corporation chairman K.L. Lay thinks the share of 
natural gas in North American energy demand could rise 
from the current 23 to 24 percent to 40 percent in the next 
century. But this will not occur with business-as-usual. "It is 
more a matter of whether we in the industry, along with or-
ganizations like IGT and the Gas Research Institute, are will-
ing to try to make it happen and to convince policymakers 
that it can in fact happen," he said. 

In a "conventional but growth" scenario, Enron is projecting 
that gas consumption for power generation in the United 
States will increase around 2 trillion cubic feet by the 
year 2000—and could be much higher; that commercial use 
grows 1 trillion cubic feet, half of it for natural gas vehicles; 
and that demand in Canada and Mexico will grow 1 trillion 
cubic feet, bringing total North American demand to 
27 trillion cubic feet by the end of the century. However, the 
outlook could be even brighter because of developments in 
technology, which Lay said "is advancing much faster domes-
tically and worldwide than most of us and most policymakers 
really fully comprehend." 

The Technology Perspective 

According to D.J. Heim, chairman of Washington Gas Light 
Company and chairman of IGrs board of trustees, new, im-
proved, or less expensive methods of finding, producing, and 
using gas have played a major role in the success of gas and 
will continue to do so into the next century. 

On the demand side, the most dramatic application of gas 
has been as a fuel for combined-cycle power generation, 
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AGA predicts that natural gas used for generating electricity 
in 2010 will be 8.7 quadrillion BTU (quads), or 19.2 percent 
of all energy used for electricity generation (Figure 1). By 
2010 natural gas vehicles will consume 1.1 quads. An addi-
tional 0.55 quads will be required for pipelines as compressor 
fuel, bringing the total amount of natural gas used for 
transportation in 2010 to 1.6 quads. 

which has made the power sector the fastest growing market 
for gas throughout the world. The transportation sector, he 
believes, promises to be another important market for 
natural gas. 

AGA SEES BIG INCREASE IN GAS CONSUMPTION FOR 
ELECTRICITY 

A new long-range outlook by the American Gas Association 
(AGA) projects significant growth in natural gas use, but 
that growth will initially be moderate. The computer 
analysis to year 2010 projects that domestic natural gas use 
will increase twice as rapidly as overall energy consumption 
during that time. By 2010, the total market share for natural 
gas will stand at little more than 27 percent, up from 
24 percent in 1990. The outlook projects growth in natural 
gas consumption for electric generation and as a transporta-
tion fuel for automobiles, trucks, and buses.

Natural gas for commercial enterprises will climb to 
4.1 quads, while residential natural gas requirements, not in-
eluding cogeneration and independent powerplants, will 
decline due to continuing improvements in energy efficiency. 

The United States natural gas production will reach 
22.5 quads by 2010 representing 88.4 percent for the require-
ment. Canadian imports and natural gas liquids are ex-
pected to cover the remaining need. Over 16.8 thousand gas 
wells per year will be drilled in 2010, double the present rate. 

Natural Gas prices 

According to projections, the average real value of natural 
gas to producers will double by 2010. However, for con-
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sumers the cost of natural gas will remain attractive com-
pared to other energy sources (Figure 2). United States 
residential consumers will pay 3.4 times more per BTU for 
electricity than they pay for natural gas in 2010, and 1.5 times 
more per BTU for heating oil than they will pay for natural 
gas. 

Commercial consumers will pay 3.9 times more per BTU for 
electricity than natural gas, and distillate fuel oil will cost 
1.6 times more per BTU than natural gas.

Industrial consumers will pay 3.8 times more per BTU for 
electricity in 2010 than for natural gas, 1.9 times more per 
BTU for distillate fuel oil, and 1.1 times more per BTU for 
residential fuel oil. 

The principal competition in the fuels market will be coal, 
especially in the electricity cogeneration, and independent 
powerplant markets. Overall coal use will increase to 
24.1 quads or a 26.4 percent increase by 2010. 

###1
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STATUS OF NATURAL GAS PROJECTS 

COMMERCIAL PROJECTS (Underline denudes changes since December 1991) 

FUELCO SYNHYFECH PLANF - Fuel Resources Development Company (0-10) 

Fuel Resources Development Company (FuelCo) held ground breaking ceremonies in May 1990 for their Synhytech Plant at the 
Pueblo, Colorado landfill. The Synhytech Plant, short for synthetic hydrocarbon technology, will convert the landfills' methane and 
carbon dioxide gas into clean burning diesel fuel as well as naphtha and a high grade industrial wax. 

The technology is said to be the world's first to convert landfill gases into diesel motor fuel. It was developed by FuelCo, a wholly 
owned subsidiary of Public Service Company of Colorado, and Rentech Inc. of Denver, Colorado. Fuelco is planning to invest up 
to $16 million in the project with Rentech having the option to purchase 15 percent of the plant. Ultrasystems Engineers and Con-
structors is designing and building the project. 

The plant is expected to produce 100 barrels of diesel, plus 50 barrels of naphtha and 80 barrels of high grade was per day. It is es-
timated that the Pueblo site will sustain a 230 barrel per day production rate for about 20 years. 

Project Cost:	 $16 million 

MOSSGAS SYNFUELS PLANT - South African Central Energy Fund (=D, Engen Ltd. (30% optional) (0-20) 

In 1988 the South African government approved a plan for a synthetic fuels from offshore natural gas plant to be located near the 
town of Mossel Bay off the southeast coast. Gas for the synthesis plant will be taken from an offshore platform which was com-
pleted in 1991. 

Construction of the onshore plant is scheduled for completion in mid-1992 The complex is expected to produce its first products 
by the third quarter of 1992 and to be in full production by the third quarter of 1993. The product slate will be liquefied petroleum 
gas, 93 and 91 octane gasoline, kerosene and diesel. 

The breakeven point for the project will be reached with crude oil prices of per barrel. Ensen is the proiect manaaer and will 
be the operator of the facility. The proiect was financed 80 percent by the Central Energy Fund and 20 percent by commercial 
loans. 

Project Cost: 	 $3.5 billion 

NEW ZEALAND SYNFUELS PLANF - Fletcher Challenge, Ltd. (75%), Mobil Oil of New Zealand Ltd., (25%) (0-30) 

The New Zealand Synthetic Fuels Corporation Limited (Synfuel) Motunui plant was the first in the world to convert natural gas to 
gasoline using Mobil's methanol-to-gasoline (MTG) process. Construction began in early 1982 and the first gallon of gasoline was 
produced in October 1985. In the first 8 months of commercial production the plant produced 448,000 tonnes of gasoline or about 
35 percent of New Zealand's total demand for that period. 

During the first two years of operation, the Synfuel plant suffered several shutdowns in the methanol units thus causing production 
shortfalls despite reaching the one million tons of gasoline mark in 1988. A successful maintenance turnaround and several im-
provements to the MTG waste water plant have improved efficiency considerably. In 1990 the plant produced about 12,000 barrels 
of gasoline per day. This is about 34 percent of New Zealand's gasoline needs. 

The plant is located on the west coast of New Zealand's North Island in Taranaki. It is supplied by the offshore Maui and Kapuni 
gas fields. The synthetic gasoline produced at the plant is blended at the Marsden Point refinery in Whangarei. The plant is a toll-

Synfuel was owned 75 percent by the New Zealand government and 25 percent by Mobil Oil of New Zealand Ltd. However, the 
Petroleum Corporation of New Zealand (Petrocorp) entered an agreement with the New Zealand government to assume its 
75 percent interest in the corporation. The New Zealand government had been carrying a debt of approximately $700 million on 
the plant up to that point. Pctrocorp is owned by Fletcher Challenge, Ltd. 

The synfuel plant produced a record 562,000 tonnes of gasoline in the first 6 months of 1991. A percentage of crude methanol was 
pipelined to flether's Petralgas plant to produce 186,000 tonnes of chemical grade methanol. 

Fletcher Challenge will exercise its option to require the government to buy NZ$400 million (US$222 million) of new shares from 
the company.
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SHELL MALAYSIA MIDDLE DISTILLATES SYNTHESIS PLANT - Shell MDS (60%), Mitsubishi (20%), Petronas (10%), Sarawak 
Stale Government (6-50) 

The Royal Dutch/Shell Group is building the world's first commercial plant to produce middle distillates from natural gas in 
Malaysia. The $660 million unit is being built next to the Bintulu LNG plant in the state of Sarawak. The plant will produce ap-
proximately 500,000 metric tons of products per year from 100 million cubic feet per day of natural gas feedstock. 

The operator for the project will be Shell MDS. The main construction contract was let to .IGC Corporation of Japan. Site 
preparations began in late 1989, with completion scheduled for late 1992. 

The Shell middle distillates synthesis process (SMDS) is based on modernized Fischer-Tropsch technology which reacts an inter-
mediate synthesis gas with a highly active and selective catalyst. The Shell catalyst minimizes coproduction of light hydrocarbons 
unlike classical Fischer-Tropsch catalysts. Middle distillates will be the main product, but the plant will have operating flexibility so 
that while maintaining maximum output, the composition of the product package, which will contain low molecular weight paraffin 
waxes, can be varied to match market demand. Shell will use its own gasification technology to produce the synthesis gas. 

Project Cost:	 $660 million
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