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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

DOE Issues New Strategic Plan Under Secretary O'Leary 

In April 1994, the United States Department of Energy (DOE) released its Strategic Plan for 
managing Department activities. DOE categorized its activities into five new "businesses," each 
with specific goals and integrated with the others. Four critical success factors were integrated into 
these businesses. See page 1-1 for details. 

DOE Energy Facility Siting Study Sees Need for Massive New Infrastructure 

The United States Department of Energy (DOE) reviewed data regarding energy service needs, 
infrastructure requirements, and constraintsto siting, as summarized on page 1-5. DOE found 
that a massive new energy infrastructure will be needed in the United States to maintain current 
electricity haseload, as well as to provide additional energy for future economic development. 

Texaco Gasifier Studied for Coproduction Role at Petroleum Refineries 

A refinery modeling system, RPMS 2000, was used to evaluate the addition of a Texaco Gasifica-
tion Power Systems (TGPS) coproduction plant to a refinery to convert coke. As outlined on 
page 1-8, a coker plus TGPS provided a significant increase in energy efficiency and profitability, 
while providing environmental benefits. 

Carbon Storage in Halophytes Could Provide Global Warming Mitigation 

The cultivation of halophytes with sea water irrigation in desert regions of the world has been 
studied as a means to sequester atmospheric carbon dioxide. Although the cultivated area would 
need to be vast to significantly affect carbon dioxide in the atmosphere, halophytes could con-
tribute to global warming mitigation while providing food and animal feed. Details are given on 
page 1-12. 

Southern Pacific Petroleum Annual Report Reviews Status of Stuart Project 

Developments in Stage 1 of the Stuart Oil Shale Project during 1993 are reported on page 2-1. Ac-
tivities centered around financing and permitting the project; an excise tax exemption was passed, 
the Environmental Impact Assessment Study was submitted, and the Mining Lease was granted. 

Schemes Described for Production of Chemicals From Oil Shale 

The production of a family of value-added products from the aliphatic and neutral aromatic frac-
tions of shale oils is examined on page 2-3. The aromatic fraction may be used to produce ben-
zene, toluene, xylene and polymethylbenzenes. The alkanes and alkenes may be separated into 
mixtures of numerous compounds according to carbon number. These fractions, in turn, may be 
further processed to different compounds with varying applications. 

Petrobras 40-Year History Notes Oil Shale Developments 

The activities of Petrobras, the Brazilian national oil company, since its formation in 1953 are out-
lined on page 2-7. Particular attention is given to the Petrosix process for obtaining liquid and gas 
hydrocarbons from oil shale. In processing oil shale, the shale is first crushed and then run 
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through a retort, where it is processed under vacuum, yielding the hydrocarbons as well as other 
products. 

Swedish Oil Shale Era Reviewed 

Oil shale activities in Sweden during 1925-1961 are reviewed on page 2-7. Four processes were 
developed, including three that used crushed shale and one in situ method. The processes were 
costly, however, and the facilities were finally closed down. The re-emergence of oil shale activities 
in Sweden is not foreseen at this point because of associated environmental problems. 

Four Heavy Oil Gasification Projects Under Way in Italy 

Four projects are under way in Italy using Texaco Gasification Power Systems technology. These 
projects include the Agip Petroli project at the Sannazzaro refinery near Milan, the API Energia 
project at API's refinery in Falconara, the ISAB Energy project at ISAB's Priolo Gargallo refinery 
in Sicily, and the SARLUX project at the SARAS SpA, Sarroch refinery in Sicily. See page 3-1 for 
details. 

Monitoring Program for AOSTRA's UTF Project Described 

A monitoring program was established for the Alberta Oil Sands Technology and Research 
Authority's Underground Test Facility (AOSTRA UTF), as discussed on page 3-3. The in-
strumentation for the program included thermocouples, piezometers, inclinometers, geophones, 
surface monuments and extensometers. 

Suncor Oil Sands Group Made Big Gains in 1993 

In its 1993 annual report, Suncor Inc. announced progress in its oil sands operations, based near 
Fort McMurray, Alberta, Canada. A major development was that total cash costs were reduced 
from $19.50 per barrel to $16 per barrel. This reduction was due primarily to the conversion from 
bucketwheel excavation systems to truck-and-shovel mining and lower sustaining capital expendi-
tures. In addition, upgrader modifications increased production capability from 60,000 to 
68,000 barrels per day. For details, see page 3-5. 

Syncrude Stake Contributes to Record Earnings at Alberta Energy Company 

According to its 1993 annual report, reviewed on page 3-7, Alberta Energy Company Ltd. (AEC) 
achieved record earnings in 1993. Part of this success was due to AECs increased stake in the 
Syncrude operation near Fort McMurray, Alberta, Canada. AEC's share of Syncrude now is effec-
tively 3.75 percent greater than before the acquisition. 

ERCB Reviews Year of Oil Sands Activities 

The Energy Resources Conservation Board (ERCB) has reviewed oil sands activities for 1993 in 
Alberta, Canada, as discussed on page 3-10. Syncrude faced a court challenge in an effort to ex-
pand its production, Suncor changed its oil sands mining methods, and Canadian Occidental 
Petroleum Ltd. tested another new oil sands mining technology. Developments also took place in 
Cold Lake in situ recovery operations. 

ROSE Asphaltenes From Upgrading Bitumen Can Provide Gasification Feedstock 

Kerr-McGee's Residuum Oil Supercritical Extraction (ROSE) technology is described on 
page 3-12. This process upgrades residue by separating the heavy fraction from the lighter fraction 
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with a variety of solvents, yielding deasphalted oil and asphaltene. Asphaltenes derived from the 
ROSE process are suggested as an economic and environmentally sound feedstock for gasification 
combined-cycle powerplants. 

New Combustion Process Utilizes Horizontal Wells and Gravity Drainage 

The Combustion Override Split-production Horizontal-well (COSH) process is described on 
page 3-14. This process is designed to combine the high recovery potential of gravity drainage with 
the energy efficiency of combustion processes. A simulation study indicated that the COSH 
process has technical performance approaching that for the Steam-Assisted Gravity Drainage 
process, and has much lower energy costs. 

Rubberized Tar Sand Bitumen Makes New Product 

Preliminary experiments were conducted in the coprocessing of Uinta Basin bitumen (Utah) with 
crumb rubber from scrap tires. Road asphalt could be produced through this process, as could 
many other rubberized bitumen products. See page 3-16 for details. 

Gasification Becoming an Important Route to Dispose of Heavy and Residual Oils 

Recent activities illustrating the variety of options being considered to reduce heavy fuel oil and 
residue production are summarized on page 3-18. Gasification can play an important role in these 
processes, including processes that yield hydrogen and power. 

SAGD Process Found to Be Applicable to Wide Area in McMurray/Wabiskaw Deposit 

The McMurray/Wabiskaw deposit of the Athabasca oil sands area was studied to determine which 
areas would be suitable for Steam-Assisted Gravity Drainage (SAGD) recovery technology. Parts 
of more than 100 townships were deemed suitable. Based on certain geological criteria, maps 
showing contours of net pay thickness were generated for cutoffs of 6 mass percent bitumen and 
10 mass percent bitumen. Details are on page 3-24. 

Horizontal Well Steamdrive in Arkansas Heavy Oil Reservoir Predicted to Cost $15 per Barrel 

A numerical simulation study was conducted by the National Institute for Petroleum and Energy 
Research to assess the steamflood potential of heavy oil reservoirs in Arkansas. A marginal heavy 
oil reservoir in the Nacatoch Formation was selected for study; the reservoir is a shallow, thin, 
low-permeability reservoir with low initial oil saturation and is underlaid by water sand. The study 
indicated that although steamdrive using vertical wells would not be economical, steamdrive using 
horizontal wells has good potential. The study is summarized on page 3-32. 

Beneficiated Coal-Water Slurry Plant Started Up in Italy 

The Porto Torres integrated Beneficiated Coal-Water Fuel plant in Italy first began partial opera- 
tions in June 1993. Operation activities continue, with full operation of the integrated plant 
(beneficiation, production, combustion) being scheduled for the summer of 1994. The plant's 
major systems are described on page 4-1, along with preliminary results. 

Coal-Water Mixture Facility Completes First Year of Operation in Japan 

A Coal-Water Mixture (CWM) production plant was constructed at Japan COM Company's 
Onahama factory, and a pipeline was constructed to the Nakosa Power Station. This is a relatively 
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large-scale operation, with a goal of supplying 500,000 tons CWM annually to the power station. 
Since operations began in June 1993, good results have been obtained. See page 4-3 for details. 

Pinon Pine Annual Report Reviews 1993 Accomplishments 

In January, the Sierra Pacific Power Company published an annual report on the Pinon Pine 
Power Project, as summarized on page 4-6. Accomplishments included laboratory testing, process 
work, engineering, and environmental/permitting activities. 

Lawsuit Over Price for Great Plains Synthetic Pipeline Gas is Settled 

The Dakota Gasification Company (DGC) has reached an out-of-court settlement of a lawsuit 
against four pipeline companies, as reported on page 4-8. The settlement resolves a dispute over 
existing gas contracts with the pipelines, which purchase the natural gas produced by DGC's plant 
near Beulah, North Dakota. The agreement appears to ensure continued operation of the plant 
for the next 7 years. 

Texaco Licenses 11th Gasification Project in China 

Texaco has issued a license for a gasification facility at the Shanghai Coking and Chemical Plant in 
Shanghai, China, as reported on page 4-11. This facility brings to lithe number of gasification 
facilities operating or under construction in China using Texaco technology. 

IGT Forms Joint-Venture Company in China to Commercialize Coal Gasification 

The Institute of Gas Technology (IGT) announced a joint venture with the Shanghai Coking and 
Chemical Plant General. The venture, to be known as Shanghai Zhihai Gasification Technology 
Development Limited, was formed to market advanced technologies in gasification, coal-gas 
purification and the enhancement of fuel-gas heating value. See page 4-I1 for further details. 

HRI Demonstrates Highest Distillate Yields From Coal 

Hydrocarbon Research, Inc. (HRI) has successfully completed a 58-day coal liquefaction 
demonstration run. The demonstration run, described on page 4-12, processed a high-sulfur II-
linois bituminous coal using H RI's catalytic two-stage liquefaction technology. The run took place 
at a 3-ton per day coal pilot plant producing yields of 5 barrels of clean distillate liquid products 
per ton of coal. HRI reports that the program should eventually lower the cost of synthetic liquid 
fuels to less than $30 per barrel. 

Energy Research Corporation to Get 5-Year, $84-Million Funding for Fuel Cells 

Energy Research Corporation has been selected as the recipient of United States Department of 
Energy (DOE) funding for a project to further develop a molten carbonate fuel cell, as reported on 
page 4-13. The estimated cost of of the 5-year cooperative agreement is $153 million, with 
$84 million in DOE funding. 

National Coal Council Issues Report on Clean Coal Technology for Sustainable Development 

The National Coal Council (NCC) has conducted a study of the Clean Coal Technology Program 
at the request of the United States Department of Energy, as discussed on page 4-13. The NCC 
made several recommendations, including the completion of existing projects under Rounds I 
through V of the Clean Coal Technology Demonstration Program. 
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New DOE Report Highlights Clean Coal Technology Successes 

A report by the United States Department of Energy discusses the various technological develop-
ments in the Clean Coal Technology Program. Add-on pollution control measures, clean coal 
fuels, and advanced electric power generation technologies are included. See page 4-18 for details. 

Background and Rationale for Continuation of Liquefaction Efforts Presented 

The development of energy policy regarding synthetic fuels in the United States is discussed on 
page 4-22. The development of coal liquefaction technology, for both direct and indirect liquefac-
tion, is also reviewed. A rationale for the continued development of coal liquefaction technology is 
presented; i.e., it will help ensure the energy security of the United States. 

Polk Power Station 16CC Project Will Cost $600 Million 

Planning stages of the Polk Power Station Integrated Gasification Combined-Cycle (10CC) 
project, near Tampa, Florida, are summarized on page 4-26. The total estimated cost of the plant 
is about $600 million. 

Economics of Micronized Coal-Water Slurry for Industrial Boilers Not Favorable in Small 
Market 

Costs were estimated for converting an industrial boiler to Micronized Coal-Water Slurry Fuels 
(MCWSF), as reviewed on page 4-27. Costs of fueling the boiler with MCWSF and dry, 
micronized coal fuel were also evaluated. With only a few boilers using MCWSF, the cost of fuel-
ing was quite high, but with larger numbers of boilers, the costs declined. 

EPRI Sees 16CC as Still More Expensive Than Other Powerplant Options 

An analysis of the costs of coal-fired Integrated Gasification Combined-Cycle (10CC) powerplants 
versus other types of powerplants was conducted by the Electric Power Research Institute (EPRI), 
as reported on page 4-31. EPRI concluded that significant cost reductions must be made relative 
to other forms of coal-fired generation to improve the cost of electricity advantage that 10CC 
should command. 

Production of Materials and Chemicals From Coal Holds Promise 

The role of coal as a resource for non-fuel products is addressed on page 4-35. A few selected 
materials--electrode coke, activated carbons and carbon fibers--were reviewed in terms of their 
production, applications, and existing and future markets. 

Liquefaction of Low-Rank Coals Could Lead to Specialty Chemicals 

Three low-rank coals, including two subbituminous and one lignite, were liquefied in an attempt to 
produce one- or two-ring aromatic chemicals. Reaction conditions were studied in order to find 
the optimum conditions under which progressive reactions are maximized while retrogressive reac-
tions are minimized. See page 4-37 for details. 

Briquetting of Coal Considered as an Upgrading Process 

The article on page 4-40 presents a survey of technologies that are available for briquetting of lig-
nite and subbituminous and bituminous coal or anthracite. New developments in briquetting tech-
nology have made possible the production of "smokeless" or "compliance" fuels. 
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Combination COREX/MIUREX Process Offers Benefits for Ironmaking 

A combination COREX/MIDREX process for ironmaking is described on page 443. The 
COREX process produces hot metal using non-coking coal, avoiding the environmental problems 
associated with cokemaking. The MIDREX process converts iron oxide in pellet and lump form to 
direct-reduced iron, using export gas from the COREX unit. 

Energy and Environmental Research Center Patents Liquefaction Process 

The University of North Dakota Energy and Environmental Research Center announced that it 
has patented a new coal liquefaction process. As is reported on page 4-45, the process, which is 
designed to use lignitic and subbituminous coals (low-rank coals) can produce synthetic petroleum 
at 30 to 40 percent below the $31-per-barrel cost of coal liquefaction technologies using bituminous 
coal. 

Clean Coal to Draw Increased Interest in China 

China expects to increase efforts to turn raw coal into clean fuel, as reviewed on page 4-49. China 
reportedly will use clean coal technology from the United States, and negotiations are under way 
to secure capital and technical assistance from the United States. Feasibility studies are being con-
ducted on a process to turn large quantities of bituminous coal into forms that are smokeless when 
burned.	 - 

Coal Industry Announces Climate Plan Partnership With Department of Energy 

In April, the National Coal Association presented to the United States Department of Energy a 
plan designed to support administration efforts to slow the growth of greenhouse gas emissions. 
Industry plans include promoting energy efficiency, reducing coal-bed methane emissions, support-
ing clean coal technologies, and other initiatives. Details are presented on page 4-50. 

Rentech to Build Gas Conversion Plant in China 

Rentech, Inc.'s subsidiary Future Fuels Pty. Limited, Brisbane, Australia has signed a contract for 
$10.9 million to provide basic engineering design and equipment for a 545-barrel per day gas con-
version plant in China. The plant will be part of a coal gasification project to he located near Yima 
City, Heman Province, as reported on page 5-1. The gas conversion plant will produce clean-
burning diesel fuel and industrial-grade waxes from waste gas feedstock supplied by the coal 
gasification plant. 

Sasol Advances Make F-T Liquids From Gas Possible at $30,000 per Daily Barrel 

Sasol has evaluated the technology and economics of the Fischer-Tropsch (F-T) process, as sum-
marized on page 5-4. Although using the process with coal is still so costly as to discourage invest-
ment in F-T plants, gas-based synfuel plants are not so expensive. Sasol estimated that with recent 
technological developments, the capital cost of a gas-based synfuels plant could be $30,000 per bar-
rel per day.
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GOVERNMENT 

DOE ISSUES NEW STRATEGIC PLAN UNDER	 DOE identified four critical success factors that must 
SECRETARY O'LEARY	 be integrated into the five business lines. These criti-

cal success factors are: 
In April 1994, the United States Department of Energy 
(DOE) released its Strategic Plan for managing 
Department activities. According to the Plan, a 
thorough reevaluation of DOE took place, leading to a 
new management strategy for the agency. 

Through the strategic planning efforts, DOE identified 
five businesses that it believes most effectively utilize 
and integrate its scientific and technological assets, en-
gineering expertise, and facilities. These new 
businesses and associated goals are as follows: 

Industrial Competitiveness--Promote economic 
growth and the creation of high-wage jobs through 
research and development partnerships with industry; 
drive products into the domestic and international 
marketplace; and help industry become more competi-
tive by cost-effectively shifting from waste manage-
ment to resource efficiency and pollution prevention. 

Energy Resources--Encourage efficiency and advance 
alternative and renewable energy technologies; in-
crease energy choices for all consumers; assure ade-
quate supplies of clean, conventional energy; and 
reduce United States vulnerability to external events. 

Science and Technology—Use the DOE's laboratories 
and the country's universities to maintain leadership in 
basic research; increasingly focus applied research in 
support of DOE's other business lines; and maintain 
world technical leadership through long-term, systemic 
reform of science and mathematics education. 

National Security--Support and maintain a safe, 
secure, and reliable enduring stockpile without nuclear 
testing; safely dismantle and dispose of excess 
weapons; and provide the technical leadership for na-
tional and global non-proliferation activities. 

Environmental Quality--Understand and reduce the 
environmental, safety, and health risks and threats 
from DOE facilities and decisions; and develop the 
technologies and institutions required for solving 
domestic and global environmental problems.

Communication and Trust--How DOE com-
municates and builds trust within the organiza-
tion and with stakeholders and customers 

Human Resources--How DOE recruits, trains 
and develops, rewards performance, 
motivates, and promotes diversity within its 
workforce 

- Environmental, Safety, and Health--How 
DOE ensures the safety and health of workers 
and the public, and protects and restores the 
environment 

Management Practices--How DOE allocates, 
spends, and accounts for resources and 
procures, produces, and contracts for goods 
and services 

The strategic plan will be updated during the coming 
summer and submitted to the Office of Management 
and Budget on October 1 (Figure 1, next page). 

DOE 1995 BUDGET REQUEST SHOWS 
CONTINUED SHIFT IN PRIORITIES 

The United States Department of Energy's Fiscal Year 
(FY) 1995 budget proposal (Table 1) reflects an em-
phasis on natural gas, renewable energy and energy 
conservation. 

The budget includes an overall increase of 29 percent 
for total research and development over FY 1994, with 
more than $1.3 billion proposed for fossil, solar and 
conservation research and development. 

Emphasis is being placed on conservation, with 
research funding growing by a reported 53 percent. 
Fossil increases by 15 percent and solar/renewables by 
15 percent.

SYPflIIE11C FUELS REPORT, JUNE 1994 

1-1



FIGURE 1 
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The budget shows a reduction in funding for coal--
from $167 million to $128 million. 

The administration is proposing a new budget struc-
ture for coal consisting of: 

- Advanced Clean/Efficient Power Systems 

- Advanced Clean Fuels Research 

- Advanced Research and Technology Develop-
ment 

Advanced Clean/Efficient Power Systems research 
and development will involve clean coal power genera-
tion systems. Sub-categories of these systems include: 

- Advanced Pulverized Coal-Fired Powerplants 

- High-Efficiency Pressurized Fluidized-Bed 
Combustion

- High-Efficiency Integrated Gasification 
Combined-Cycles 

- Indirectly Fired Cycles 

- Advanced Research and Environmental Tech-
nology 

Magnetohydrodynatnic research and development is 
eliminated. 

The Advanced Clean Fuels Research Program Will 
work to develop dean methods to produce coal-
derived liquid fuels. This research consists of: 

Coal Preparation 

Direct Liquefaction 

Indirect Liquefaction 
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TABLE 1 

DEPARTMENT OF ENERGY R&D BUDGET REQUEST, FY95
(Millions of Dollars)

Fossil Energy R&D £124 EI2 

Coal 
Advanced Clean Fuels Research 41 20 
Advanced Clean/Efficient Power Systems 92 82 
MHD 5 0 
Advanced Research & Tech. Development 29 26 

Subtotal Coal 167 128 

Petroleum 
Oil Technology Development 75 107 
Oil Shale 0 0 

Subtotal Petroleum 75 107 

Natural Gas 
Natural Gas Research 44 86 
Fuel Cells 52 68 

Subtotal Natural Gas 96 154 

Total Fossil Energy R&D 339 389 

Solar and Renewable Energy R&D 

Solar 
Solar Building Technology 5 5 
Photovoltaic Energy Systems 78 94 
Solar Thermal Energy Systems 33 33 
Biofuels Energy Systems 58 62 
Wind Energy Systems 30 52 
Ocean Energy Systems 1 1 

Subtotal Solar 205 247 

Geothermal 22 35 
Hydroelectric Systems 1 1 
Hydrogen Research 10 6 
Electricity Energy Systems Storage 56 48 

Total Solar and Renewable Energy R&D 294 337 

Energy Conservation R&D 

Transportation 179 228 
Industrial 125 181 
Buildings 81 179 
Utilities 7 13 

Total Energy Conservation R&D 392 601 

Total DOE Energy R&D Funding 1,025 1,326
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• Advanced Research and Environmental Tech-
nology 

- Systems for Coproducts 

The proposed budget for Advanced Clean Fuels 
Research is approximately $20 million, that for Ad-
vanced Clean/Efficient Power Systems approximately 
$82 million, and that for Advanced Research and Tech-
nology Development approximately $26 million. 

The budget request for the Clean Coal Technology 
Program is $37 million, down from $225 million in 
1994. The FY 1995 appropriation request of 
$37.1 million provides incremental funding for projects 
selected in Round IV and Round V. In addition, in 
Fl 1995, from within existing appropriations, program 
direction requirements of $18.0 million and initial fund-

ing of $20.0 million for an international initiative that 
will lead to "showcase" demonstration projects in East-
ern Europe and China are requested. This new initia-
tive is being developed in support of the 
Administration's effort to increase United States ex-
ports and as a part of the President's Climate Change 
Action Plant Joint Implementation with developing 
countries. The FY 1995 budget request is lower than 
the FY 1995 advance appropriation granted by Con-
gress in recognition of the availability of significant tin-
obligated balances from prior years. 

Increases are proposed for petroleum technology, 
natural gas research, and fuel cells. The budget for oil 
shale was eliminated for 1994 and remains at zero in 
the 1995 proposed budget. 
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ENERGY POLICY AND FORECASTS 

DOE ENERGY FACILITY SITING STUDY SEES 
NEED FOR MASSIVE NEW INFRASTRUCTURE 

The United States Department of Energy (DOE) 
reviewed data regarding energy service needs, in-
frastructure requirements, and constraints to siting, as 
discussed in a draft report, "Energy Infrastructure of 
the United States and Projected Siting Needs: Scoping 
Ideas, Identifying Issues and Options," published in 
December. 

DOE found that the expeditious siting of energy 
facilities has important economic, energy, and environ-
mental implications. 

Economic and environmental considerations include 
the following: 

Continued use of older, less-efficient energy 
facilities will drive up the cost of United States 
energy, and hence the cost of United States 
products, negatively impacting national com-
petitiveness. 

- As energy facilities age, more environmentally 
benign new technologies can replace them. 
Present siting inefficiencies will delay bringing 
these new technologies on-line expeditiously. 

Energy considerations include the following: 

Rapid expansion of natural gas use will re-
quire an expanded infrastructure of pipelines 
and other facilities that is not now in place. 

Converting motor vehicles from oil to com-
pressed natural gas will require a revamped 
infrastructure and delivery system. 

- Expanding the use of renewable energy will 
encounter difficult siting challenges, especially 
in the areas of land use, transmission access 
and minimizing environmental impacts. 

- Even with far-reaching conservation and ef-
ficiency measures, new sites will be needed to 
maintain current electricity baseload, as well 
as to provide additional energy for future 
economic development.

In particular, although some large (700 megawatts and 
above) generating facilities will continue to be con-
structed, the trend is toward replacing large coal and 
nuclear powerplants with smaller (50 to 
250 megawatts) gas and renewable facilities, thus in-
creasing the number of facilities needed to provide the 
same amount of power. 

Additional considerations are as follows: 

- The current infrastructure will need selective, 
and in certain cases, substantial upgrading 
(powerplants, pipelines, etc.). 

- Regional and local solutions will be required, 
with actions by the federal government also 
needed. 

- Resolution of siting issues will require exten-
sive stakeholder participation. 

In the private sector and the public sector (outside 
DOE), a substantial number of new energy facilities 
will need siting by 2010. Encouraged by the Energy 
Policy Act of 1992 and Administration initiatives, 
renewable energy facilities are expected to emerge in 
highly increased numbers, such as 300 municipal solid 
waste plants, 120 geothermal plants, and additional 
biomass facilities, ethanol plants, and wind farms. The 
increased use of natural gas will require the siting of 
new pipelines and distribution facilities. Other addi-
tional energy facilities include an estimated 2,300 coal 
mines, 13,500 gas fields and 4,900 oil fields, 170 coal 
and 925 gas powerplants, and additional petroleum 
refineries. Rising demand for electricity will also be 
accompanied by an increased need for transmission 
and distribution lines, and power substations. Es-
timated numbers of facility additions and replacements 
needed by 2010 as percentages of the current numbers 
of facilities are illustrated in Figure 1. 

DOE identified a number of constraints that will im-
pact the siting of these new facilities--whether they are 
DOE, public sector or private sector facilities. Siting 
constraints can be caused by individuals or groups of 
individuals who disagree over relative costs and 
benefits of a particular site, including concerns over 
the environmental, socioeconomic, and health and 
safety impacts associated with the site, as well as equity 
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FIGURE 1 

FACILITY ADDITIONS AND 
REPLACEMENTS NEEDED BY 2010 

(As a Percentage of 
Current Number of Facilities) 
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and process issues. Siting constraints may also result 
from uncertainty, including issues related to evolving 
future legal and regulatory processes, lack of informa-
tion about a newly introduced technology at a site, or 
economic issues such as market uncertainty, budgetary 
limitations and investment costs. Constraints may also 
arise from organizational and institutional factors, espe-
cially when organizations involved are unable to func-
tion efficiently and cooperatively. DOE also identified 
those constraints that are unique to specific types of 
energy facilities. 

The DOE Working Group concluded that there was 
no easy way to ascertain the exact nature of the siting 
problem on a national basis. Each facility has its own 
unique set of characteristics and faces its own unique 
set of constraints, and would have to be evaluated in-
dividually. Yet one thing did seem certain: Siting is 
becoming more difficult for all types of facilities. 
Siting inefficiencies cause, at a minimum, serious 
delays that result in adverse economic, environmental, 
and energy impacts. In certain cases, the siting process 
does not proceed at all and disrupts development of 
needed national infrastructure. DOE concluded that

market forces alone, without additional direction or 
new incentives, cannot be relied upon to solve these 
problems. 

DOE prepared a tentative list of ideas based on field 
trips to states, presentations by stakeholders, and an 
off-site workshop. This list is meant to serve as a point 
of departure for discussions with siting stakeholders. 
These stakeholder discussions will focus on actions 
that could be taken to remove inefficiencies as well as 
inequalities and to improve the siting process. 

NERA FORECASTS WORLD OIL CONSUMPTION 
TO INCREASE AT 2 PERCENT PER YEAR 

The March NERA Energy Outlook (National 
Economic Research Associates) reported that oil 
markets were relatively calm during the winter of 1993-
1994. Strong mid-winter heating oil demand pushed 
crude oil prices up by about $1 per barrel, but prices 
fell back as the weather moderated in the Northern 
Hemisphere. As spring approached, light sweet crude 
oil was trading at about $14 per barrel, virtually identi-
cal to the price that prevailed at the winter solstice. 
NERA predicted a slow upward movement in crude oil 
prices as accelerating economic growth in North 
America and an end to recession in Europe and Japan 
lead to expanding worldwide oil demand. 

NERA estimated that world oil consumption during 
1994's first quarter was about 3 percent higher than 
1993 first-quarter oil demand, and it expected second-
quarter oil consumption to average nearly 2 percent 
above last year's levels. If these forecasts are accurate, 
then inventory restocking during the spring should fall 
short of the winter stock drawdown. The expected 
level of inventory liquidation is modest--an average of 
just 300,000 barrels per day during 1994's first half--but 
that should be enough to keep oil prices firm. Substan- 
tial oil price hikes are unlikely unless OPEC limits 
production or an interruption in Middle East oil 
production occurs. This suggests that the next few 
years will favor the energy-importing economies of the 
West rather than petroleum exporters. 
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AMERICANS BELIEVE IMPORTED OIL CARRIES 
RISKS 

A majority of Americans believe reducing dependence 
on oil imports in the United States is a vital national 
issue, according to a national public opinion poll com-
missioned by MESA Inc. and supported by the 
American Gas Association. The survey was conducted 
by Fabrizio McLaughlin & Associates of Alexandria, 
Virginia, and has a margin of error of plus or minus 
3.1 percent. 

According to the poll, nearly 85 percent of the respon-
dents believe the United States Government should 
look to available domestic energy supplies such as 
natural gas to reduce oil imports or at least maintain 
them at current levels. 

In the poll, more than 54 percent of the respondents 
said that reducing United States dependence on for-
eign oil was as important or more important than 
other critical national issues, such as health care and

welfare reform, gun control and government spending. 
Nearly 80 percent of those polled believe United States 
oil supplies will be disrupted by additional Middle East 
tensions, with 47.8 percent calling that prospect very 
Likely? 

Transportation accounts for about two-thirds of 
United States oil use, and more than 80 percent of 
those polled said they would support government ef-
forts to expand the use of domestic alternative 
transportation fuels--such as natural gas--if it proved 
cost-neutral. 

The United States relies on foreign sources for almost 
half it oil needs. Government and industry estimates 
indicate United States dependency will increase to 60 
to 70 percent by the year 2000. 

Sixty percent of the respondents were "very concerned" 
about that prospect. 
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TECHNOLOGY 

TEXACO GASIFIER STUDIED FOR 
COPRODUCTION ROLE AT PETROLEUM 
REFINERIES 

To better understand the economics of coproduction 
of electricity, steam and hydrogen, Texaco and Bonner 
& Moore used the Bonner & Moore refinery modeling 
system, RPMS 2000, to model a typical United States 
Gulf Coast (USGC) refinery. A coker and associated 
facilities were then added to the model, while maintain-
big a fixed crude slate to investigate the addition of a 
Texaco Gasification Power System (TGPS) coproduc-
tion plant to convert the coke. 

TGPS is a liquid-fed (coke/water slurry or oil), 
oxygen-blown, partial oxidation reaction in an 
entrained-bed, downflow slagging gasifier. The 
process has a number of environmental advantages; for 
example, over 98 percent of the feed sulfur is 
recovered as salable sulfur and the small amount of 
solids produced are suitable for metals recovery. The 
resultant synthesis gas (primarily carbon monoxide and 
hydrogen) has many uses; for the refining industry, the 
production of power, steam and hydrogen are most 
important. 

The Texaco Gasification Process is commercially 
proven, with total syngas production exceeding 
480 billion BTU per day. 

The results of this investigation were summarized by 
J. Falsetti, et al., in a paper presented at the 
1994 National Petroleum Refiners Association Annual 
Meeting, held in San Antonio, Texas in March. 

Methodology 

The RPMS 2000 was used to assess overall refinery 
profitability with resid upgrading and coproduction. 

For the base case, a typical 200,000-barrel per day 
fuels refinery was modeled, without resid conversion 
facilities. A crude slate was assumed consistent with 
the processing configuration of the base case refinery 
and 1993 prices. 

Crude volumes and product qualities were fixed in the 
base analysis, and resid conversion facilities (coker and 
other process units) were added. Finally, the coke-
based TGPS plant was added to produce electricity,

steam and hydrogen. As shown in Table 1, adding the 
TGPS to the coker case involves no additional invest-
ment in other refinery process units. 

Although this analysis of TGPS is based on coke feed, 
the same gasifier can be used for many different feeds, 
including heavy liquid residues such as pitch. Process-
ing pitch containing a higher hydrogen content than 
coke requires less feed and less expense, both capital 
and operating, for an equivalent amount of hydrogen 
or syngas. 

Capital costs for the coker, incremental refinery 
facilities, and TGPS plant were derived from the Bon-
ner & Moore RPMS 2000 process library, cross-
checked against similar recent investments, and then 
used to develop the total investment cost. The TGPS 
coproduction plant capital cost is often estimated 
based on equivalent power output. For a stand-alone 
USGC location, the total installed cost is about 
$1,200 per kilowatt. 

Refinery Yields and Energy Consumption 

The refinery crude slate, product prices and qualities 
were fixed, and the product volumes were allowed to 
vary in all three cases. The resulting liquid product 
yields as a percent of crude are shown in Table 2. 

The coker and coker and TGPS" cases provide the 
same liquid product slates and volumes. However, the 
external coke sales are eliminated with the TGPS 
plant--a benefit in a low or negative coke price situa-
tion. Another benefit of TGPS is primarily associated 
with the refinery energy balance and fuels purchases. 

The electricity, hydrogen and steam from the TGPS 
coproduction plant are used to offset external utility 
purchases and capital investments. Use of TGPS 
eliminates the refinery electrical purchases, reduces 
natural gas purchases by over 50 percent, and produces 
50 megawatts for external sale. Similar benefits are 
available to the refiner with a smaller TGPS coproduc-
tion plant which does not produce electricity for exter-
nal sale. 

Results 

The crude slate was constant throughout this analysis 
to provide a consistent basis for comparison of refinery 
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TABLE 1 

PROCESSING

Coker + 
Process Units. mbnd	 Base	 Coker	 TGPS 

Crude Distillation 200 200 200 
Vacuum Unit 102 102 102 
Naphtha HTU 45 49 49 
C + Isomerization 
IJ Cat Reformer

0 0.8 0.8 
so so so 

Lt Gas 
Oil 

IITU 42 42 42 
Hvy Gas Oil HTU 50 50 50 
Stm Reformer (mniscfd) 20 20 0 
FCCU 77 77 77 
Alkylation 16 26 26 
Hydrocracker 15 15 15 
Sulfur Recovery (ltpd) 200 200 200 

New Plants 
Stan Reformer (mmscfd) 36 0 
Delayed Coker 38 38 
Lt Gas 

Oil 
HTU 20 20 

Hvy Gas 
Oil 

HTU 18 18 
TGPS Coke Feed (tpd) n/a 2,500 
Sulfur Recovery (ltpd) 100 235 

TABLE 2. According to the authors, the analysis justified such 
coker investments even with a fixed crude slate. 

YIELDS
However, the ultimate disposition of the coke is a 
long-term uncertainty. Following the price collapse of 

Coker & 1992, coke producers became aware of the need to 
Basecase	 Coker	 TOPS

develop secure coke markets.	 This is a challenging 

46.7	 61.4	 61.4 task in view of ever-tightening sulfur emission require-

24.5	 33.4	 33.4 ments. Installation of a TGPS coproduction plant ad-

29.7	 1.6	 1.6 dresses this challenge by creating a bottomless refinery 
with an economic coke conversion option. 

1003	 96.4	 96.4
Based on capital costs for the RPMS 2000 process 
library and other assumptions, the addition of TGPS to 
a coking refinery offers a 15 percent rate of return.

Liquid Product Yields, 
Volume% on Crude 

Gasoline 
Distillates 
Fuel Oil 

Total 

configurations. Many refiners have installed or are 
planning to install cokers to maintain the product slate 
with a poorer-quality crude slate, or to increase the 
production of clean fuels from a constant crude slate. 
In addition, if the light-heavy product price spread in-
creases, resid upgrading will become more attractive.

The TGPS analysis was based on a high-efficiency gas 
turbine operating at ISO conditions in combined-cycle 
mode with extraction steam to the refinery. This al-
lows wide variations in power, steam and hydrogen 
production to best meet the economic requirements of 
the individual refinery. 
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The analysis used a cokcr for resid conversion; 
however, if the refiner operates either a resid cracker 
at high conversion or a deep-cut deasphalter, the 
bottom-of-the-barrel product becomes undesirable to 
end users because of its density, sulfur content or han-
dling characteristics. For these refiners, installation of 
TGPS could be just as attractive as in the coker case. 

The TOPS coproduction plant provides other benefits, 
such as the following: 

- With a captive coke consumer, coke quality 
becomes almost irrelevant. Therefore, the 
refinery can achieve a greater overall refinery 
profitability by either optimizing the crude 
selection or improving coker liquid yields. 

Oxygen, available at a nominal cost from the 
air separation plant, can be used to expand 
the Claus plant and debottleneck a carbon-
burning limited cat cracker.

- Excess K-waste recycling by either the coker 
or the TGPS plant can assist in the refinery 
waste management program. 

- Nitrogen, available at a nominal cost from the 
air separation plant, can be used for product 
tank blanketing, purging, and other uses. 

Recovery of additional elemental sulfur 
through the TOPS helps minimize the total 
sulfur exported in products. 

In conclusion, the study by Falsctti, et al., showed that 
the coker plus TGPS provided a significant increase in 
refinery profitability. Converting the coke to provide 
all the refinery's electricity and hydrogen and part of 
the steam needed results in an energy-efficient, 
economical and environmentally superior refinery. 
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INTERNATIONAL 

FINLAND'S ENVIROPOWER SAYS ANY SOLID 
FUEL CAN BE GASIFIED 

Enviropower tests gasification fuels in its pilot plant, 
built in its research and development center in 
Tamper; Finland. The research and development cen-
ter started operating in 1990, and a 15-megawatt pres-
surized gasification pilot plant started operation in 
1991. 

A series of tests on coal was made over a 1-year 
period, and an almost equally long set of tests was 
made on wood-based biomass. Enviropower's manag-
ing director Lauri Virkkunen reports that the gas 
produced is suitable for combustion in gas turbines, 
according to an article in the Finnish Trade Review 
(March-April 1993). 

Enviropower Oy is supplying a 100-megawatt coal 
gasification powerplant process to the United States, 
with startup scheduled for 1998. 

Enviropower is also planning to build a biomass-based 
powerplant in Finland. The cost of setting up a 
demonstration of the eventual 50- to 100-megawatt 
plant would be approximately FIM300 to 600 million.

According to Enviropower, the main applications of its 
gasification process are medium-range gasification 
powerplants for utilities and pulp and paper mills. 
Aside from its suitability for new power stations, the 
process can also be used for upgrading electricity out-
put in existing plants. 

Enviropower's process involves a gasification island 
comprising the fuel feed system, reactor and gas 
cleanup. The rest of the process consists of conven-
tional technology for combined heat and electricity. 

The gasifier operates at a temperature range of 800 to 
950°C, and it generates a low-calorific value gas of 4 to 
5 megajoules per kilogram thermal value. A pressure 
of 20 to 25 bar is used, determined by gas turbine re-
quirements. The product gas leaving the gasifier is 
cooled in a special gas cooler to 400 to 550°C, which is 
suitable for gas turbine control valve and other 
downstream equipment. 

The gasification process produces low emissions 
without the need for expensive purification systems. 
For instance, 98 to 99 percent of the sulfur can be 
removed.
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ENVIRONMENT 

CARBON STORAGE IN HALOPHYTES COULD 
PROVIDE GLOBAL WARMING MITIGATION 

Increased use of energy since the pre-industrial era has 
resulted in an increase in greenhouse gas concentra-
tions, particularly carbon dioxide, of about 26 percent. 
Direct measurement of the effects is too recent to 
answer the long-term questions as to whether there is 
an effect on climate. 

In generating electricity, the use of fossil fuels is likely 
to continue for the foreseeable future. Greenhouse 
gases as well as sulfur and nitrogen oxides are emitted, 
with about 3 to 4 tons of carbon dioxide released per 
ton of coal used. A research program has been under 
way under sponsorship of the electricity industry 
primarily devoted to carbon dioxide emissions. The 
purpose of the program is to evaluate various mitiga-
tion strategies. 

A terrestrial ecosystem sequestration methodology is 
one strategy being considered, as presented by 
S. Alpert in a paper at Alternate Energy '94, held in 
La Quinta, California in April. 

Halophytes for Carbon Storage 

The Electric Power Research Institute (EPRI) and the 
Salt River Project have for 3 years cultivated halophyte 
plants at Puerto Penaseo, Mexico that thrive in brack-
ish and sea water containing up to 40,000 ppm of inor-
ganic salts. 

The desirable characteristics of these plants permit 
them to be cultivated in desert regions of the world. 
These are large areas of the world where halophyte 
horticulture can be practiced where fresh-water irriga-
tion is not available. In excess of 13 million square 
kilometers have been estimated to be available in the 
form of coastal deserts and inland salt deserts. This 
area represents about 16 percent of the total desert 
area (8x106 square kilometers). The main limitations 
are the elevation of the desert areas, requiring high 
costs for pumping sea water. Most of these useful 
desert areas are in Asia, Africa, and parts of the 
former Soviet Union, with lesser areas on other con-
tinents. A screening study identified the potential 
desert locations.

Halophytes were developed as food-growing crops and 
are in commercial use in Mexico, Saudi Arabia, and 
the Arab Emirates. Ten halophyte species were 
evaluated in experiments performed in Mexico. 

The experiments were designed to address the follow-
ing issues: 

- Carbon fixation rates for species 

Production restraints and requirements, in-
cluding irrigation needs and other require-
ments 

Storage rates for desert soil disposition 

Costs of sequestration 

Production rates realized over 2 years of growing crops 
using sea water are shown in Table 1. For the best five 
species, carbon fixation rates of 5 to 10 tons of carbon 
per hectare were realized that represent about one-
half of the organic biomass material produced an-
nually. 

Information on water usage, water use efficiency, fate 
of metals in sea water, the effect of fertilization, and 
the effect of salinity on productivity was obtained. 

Storage of biomass in the desert was evaluated; storage 
of 30 to 80 percent of the carbon in desert regions is 
feasible. Dry storage is more efficient that storage in 
fields that were irrigated. 

The costs for halophyte systems are shown in Figure 1. 
The costs are similar to that for tree horticulture. 
With food byproduct credits (oilseed and animal feed) 
that represent 10 to 15 percent of the biomass weight, 
costs are low and a profit can be realized in large 
farms in underdeveloped regions of the world. These 
costs are representative for Arizona conditions. 

EPRI drew the following conclusions: 

Productivity of halophyte plantations is equiv-
alent to other biomass plantation schemes. 

Carbon fixation rates of 5 to 10 tons 
carbon/hectare/year were obtained with sea-
water irrigation. 
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TABLE 1 

PRODUCTION RATES USING SEA WATER 

Species 

Batis Mazitina 
Organic Modified (year 2) 
Irrigated 

Atriplex Canescans 
Saleconiia Bigelorvi 

Year 1
Year 2

Sueda Estora 
Sesuviwn Venucoswn 
Other Species

Annual Yield. Tons/Hectare 
Organic	 Carbon 

	

22.7	 10.1 

	

8.5	 3.8 

	

13.6	 6.2 

15.6 7.0 
11.9 5.4 
11.8 5.4 
11.7 53 
0.8-53 0.4-2.4

FIGURE 1 

COST OF CARBON SEPARATION 
(Dollars per Ton of Carbon) 
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- Brackish water results in higher productivity, 
but field confirmation is needed. 

- Irrigation requirements with sea water are 
roughly the evaporation rate. 

- Decomposition rates in dry soil are slow. 

The experimental work performed in Mexico 
evaluated the feasibility of halophyte horticulture as a 
carbon offset strategy that may be practical in under-
developed countries where desertification has oc-
curred. Forty-three percent of the Earth's land area 
has been impacted by salinity and is desert area. 

Fixing 1 gigaton of carbon per year would be a large 
undertaking. The scale would need to be vast to have 
a significant impact on carbon dioxide in the atmos-
phere. An area equal to 40 to 60 percent of the exist-
ing irrigation districts would have to be developed. 
The land area would represent 350 to 650 million acres 
of halophyte horticulture. Halophyte technology 
should be able to contribute to stabilization of atmos-
pheric carbon dioxide while producing food and animal 
feed. A number of strategies are going to be needed in 
addition to terrestrial solutions. 

SYNflIEI1C FUELS REPORT, JUNE 1994 
1-13



COMING EVENTS 

JUNE 5-11, FRANKFURT am MAIN, GERMANY -- ACHEMA. International Meeting on Chemical Engineering and 
Biotechnology 

JUNE 11-16, SNOWBIRD, UTAH -- 14th North American Meetin g 21 Ik Catalysis Society 

JUNE 15-16, LONDON, ENGLAND -- Conferenceon Power Generation and Lhl Environment 

JUNE 20-23, MILAN, ITALY --	 World Gas Conference 

JUNE 20-24, COCOA BEACH, FLORIDA -- 10th World Hydrogen Energy Conference 

JUNE 21-22, HONOLULU, HAWAII -- 194 Meeting of Ik International Energy Workshop 

JUNE 21-23, MORGANTOWN, WEST VIRGINIA -- Coal-Fired Power Systems 94, Advances in IGCC Ind PFBC 
Review Meeting 

JUNE 27-29, NEW DELHI, INDIA -- Ninth Pacific Rim Coal Conference 

JUNE 27-30, KRASNOYARSK, RUSSIA -- Second Workshop Meeting on Q1 C3 Hydrocarbon Conversion 

JULY 6-8, FLORENCE, ITALY -- Florence World Ener gy Research Symposium 

AUGUST 7-12, MONTEREY, CALIFORNIA -- Intersociet y Energy Conversion Engineering Conference 

AUGUST 21-26, WASHINGTON, D.C. -- American Chemical Societ y. 208th National Meeting, including Symposium 
on Alternative Routes for lk Production 21 

AUGUST 23-25, HONG KONG -- Power-Gen 4j 94 

SEPTEMBER 6-8, CHICAGO, ILLINOIS -- Third Annual Clean Coal Technology Conference 

SEPTEMBER 7-8, PITTSBURGH, PENNSYLVANIA -- De partment 21 Ener Qg i Liquefaction Md Qa Conver-
sion Contractors' Review Conference 

SEPTEMBER 12-16, PITTSBURGH, PENNSYLVANIA -- 11th Annual International Pittsburgh C! Conference 

OCTOBER 1-6, PHOENIX, ARIZONA -- International jgjj Power Generation Conference 

OCTOBER 2-5, CALGARY, ALBERTA, CANADA -- 44th Canadian Chemical Engineering Conference 

OCTOBER 4-7, ROTTERDAM, THE NETHERLANDS -- Fifth International Conference jLn Stability and Handling 
i Liquid Fuels 

OCTOBER 13-14, CAPE TOWN, SOUTH AFRICA -- World Ener gy Council Regional Energy Forum. Mobilizing 
Energy forGrowth 

OCTOBER 17-19, TSUKUBA CITY, JAPAN -- International Energy Agency Workshop on Clean Qii Technology 

OCTOBER 19-21, SAN FRANCISCO, CALIFORNIA -- Thirteenth EPRI Conference on Gasification Power Plants 
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OCTOBER 25-27, PORTLAND, OREGON -- Eighth Coven-Turbo Power Con gress and Exhibition 

OCTOBER 31-NOVEMBER 1, PRAGUE, CZECH REPUBLIC -- Least- Cost Production and Utilization Qf Ecoloid-
g.ill Fuels From East Central Euro pean Coals 

OCTOBER 31-NOVEMBER 1, PRAGUE, CZECH REPUBLIC -- Economic Power Generation in East Central 
Europe 

NOVEMBER 1-5, PRAGUE, CZECH REPUBLIC -- Enenvand Environment: Transitions in g Central Eurone 

NOVEMBER 17-18, HAMBURG, GERMANY -- International Conference 211 Energy 

NOVEMBER 28-DECEMBER 1, SAN DIEGO, CALIFORNIA -- 	 flJ CCU Seminar 

DECEMBER 7-9, ORLANDO, FLORIDA -- Power-Gen Americas 24 

DECEMBER 12-15, BALI, INDONESIA -- International Conference gg flj4 and Thermal Energy Conversion 

1995 

JANUARY 13-19, ORLANDO, FLORIDA -- Eleventh International S ymposium 2n Qs1i Ash Liz and Management 

FEBRUARY 12-17, HOUSTON, TEXAS -- i2ctii Unit ar International Conference 9-n Heaw Crude and Tar Sands 

MARCH 20-23, CLEARWATER, FLORIDA -- 	 International Conference on Qi Utilization and Fuel Systems 
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CORPORATIONS 

SOUTHERN PACIFIC PETROLEUM ANNUAL 
REPORT REVIEWS STATUS OF STUART 
PROJECT 

In its 1993 annual report, Southern Pacific 
Petroleum NL (SPP) recounted progress in the Stuart 
Oil Shale Project, a facility to be located in 
Queensland, Australia. The objective of current ac-
tivities is to construct a commercial demonstration 
plant adopting technology developed by the Alberta 
Oil Sands Technology and Research Authority. Subse-
quent full-scale commercial operations are planned. 

Work is currently focusing on the development of the 
Stage 1 unit. The Stage 1 unit will process 
6,000 tonnes per stream day of oil shale to produce 
4,500 barrels per stream day of oil products. The oil 
products of the Stage 1 plant will be hydrotreated naph-
tha and low-sulfur fuel oil. The operation of such a 
unit is essentially sub-economic. However, the rich 
seam of oil shale used for Stage 1 and the support of 
federal and state government incentives improves the 
Stage 1 economics. 

In 1993, work on the Stuart Stage 1 development 
focused on financing. Certain key factors that under-
pin financing arrangements were successfully con-
cluded during the year. 

The federal government initiative to provide Stuart 
Stage 1 with a gasoline excise exemption on up to 
600,000 barrels per year of gasoline produced from 
Stuart production was set in place by the passing of the 
Customs and Excise Legislation Amendment Act, 
1993. The Act was passed in December 1993 and fol-

lowed pre-election political uncertainties. However, 
ultimately the measure received support from both 
government and opposition parties. The benefit of the 
excise exemption to Stuart Stage 1 (which escalates 
semi-annually to reflect inflation) is presently valued at 
$293 million per annum. 

The Environmental Impact Assessment Study (EIAS) 
was submitted to the Queensland Department of 
Minerals and Energy in March 1993 following consult-
ation with the Department and its Advisory Bodies 
comprising federal, state and local government depart-
ments as well as a number of conservation bodies. As 
required by the EIAS process, the Study was open for 
open for public viewing and comment for 2 months un-
til May 1993. Objections were raised by some local 
farmers who sought protection should their 
groundwater resources be impacted. These objections 
were withdrawn following negotiations, including com-
mitments to monitoring and agreement on procedures 
for resolution should impact be shown. 

Following the bearing in the Mining Warden's Court in 
relation to the Mining Lease Application, the Warden 
submitted his formal recommendation to the Minister 
that the Mining Lease be granted for the full term 
sought (24 years). 

SPP and its affiliate Central Pacific Minerals NL are 
continuing discussions with potential eoventurers and 
investors to secure financing arrangements for Stuart 
Stage 1 and subsequent stages of development. 
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GOVERNMENT 

NATIONAL OIL SHALE DATABASE HAS 500,000 
ASSAYS ON FILE 

Producing the National Oil Shale Database (NOSDB) 
is a cooperative effort between the United States 
Department of Energy (DOE) and the United States 
Geological Survey (USGS) to preserve geotechnical 
data on oil shale in computer files for release to the 
public. The data include shale oil (Fischer Assay) 
analyses; lithologic, geophysical and rock quality logs; 
analytical data; and miscellaneous types of information 
that were collected by the DOE and by the USGS. 
Most of this information was developed during ex-
ploratory drilling of the Green River oil shale deposits 
in the Western United States, especially during the 
period from about 1960 to 1982. A much smaller col-
lection of subsurface geotechnical data on the 
Devonian oil shales of the Eastern United States and 
on several foreign deposits--notably Thailand, Israel, 
and Morocco--is also included in the NOSDB.

More than 500,000 Fischer Assay analyses of oil shale 
from about 2,900 drill holes have been digitized and 
are stored on PC-compatible compact disks. The 
remaining data, as well as the original assays, are being 
imaged by optical scanner. Several computer 
programs have been developed to accompany the 
digitized shale oil data. These include a program for 
determining the shale oil resource of selected grades 
of oil shale, and programs for viewing bar graphs of 
the shale oil content of drill cores and for viewing files 
of imaged data on a PC computer monitor. Compact 
disks of digitized and imaged data and the computer 
programs are being prepared for publication through 
the USGS. 

The NOSDB was discussed in a paper by J. Dyni, of 
the USGS, for the 1993 Eastern Oil Shale Symposium 
held in Lexington, Kentucky in November. 
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TECHNOLOGY 

SCHEMES DESCRIBED FOR PRODUCTION OF 
CHEMICALS FROM OIL SHALE 

Synthetic crude production from oil shale currently is 
about 50 percent more expensive than the market 
value of natural crude. Production of value-added 
products from oil shales is one way to make oil shale 
processing competitive with crude oil. Therefore, 
production of specialty chemicals, asphalt additives, 
cement, sulfur, ammonia, adsorbent carbon, carbon 
fibers, medicinal products, construction mastics, an-
ticorrosion oils, rubber softeners and many other 
chemicals may be considered. 

In a paper presented at the 1993 Eastern Oil Shale 
Symposium held in Lexington, Kentucky in November 
by A. Akar and E. Ekinci, of the Istanbul Technical 
University and the Marmara Research Center, the 
production of a family of products from the aliphatic 
and neutral aromatic fractions of shale oils was ex-
amined. 

Separation or Shale Oil Into Solubility Classes 

It is well known that by using solvent partitioning and 
column fractionation, shale oils may easily be

separated into aliphatic, aromatic, polar and asphal-
tene fractions. 

Considering the distribution of aliphatics, aromatics 
and polars, liquid-liquid extraction seems to be the 
most suitable process for shale oil. Utilization of 
liquid-liquid extraction solves the problems encoun-
tered in distillation of alkenes. 

A number of commercially operated solvent extraction 
processes have been developed by different companies. 
See Table 1 for processes, companies, solvents and ex-
traction conditions. 

In a liquid-liquid extraction process, the solvent should 
be so polar that at all stages a readily separable two 
liquid-phase system is retained. Extraction is usually 
carried out with counter-current operation. 

The solvent is added at the head of the extractor, with 
the mixture to be separated being introduced at the 
middle. The nonaromatics (in the case of shale oil, 
alkanes/alkenes) leave the extractor at the upper end, 
while the solvent charged with aromatics and polars is 
removed at the lower part. 

TABLE 1 

COMMERCIALLY OPERATED SOLVENT EXTRACTIONS 
FOR PRODUCTION OF AROMATICS

Process Company Solvent Extraction Condition 

Udex UOP-Dow Mono/di/iri/tetra 130 - 150°C, 5 - 7 bar 
ethylene glycol/H20 
and mixture 

Sulfolane Shell-UOP Tetrahydrothiophene 50°C 
dioxide (sulfolane) 

Arosolvan Lurgi N-Methylpyrolidone/ 20- 40°C 
HO 

1FF IFP D?methylsulfoxide/ 20 - 30°C 
HO 

USSR - Propylene carbonate 20 - 50°C 
Mofex Leuna-Werke Monomethylformamide/ 20- 30°C, 0.1 -0.4 bar 

HO 
Formex SNAM-Progetti N-%ormyl morpholine 40°C, 1 bar 
Aroma Koppers N-Iormyl morpholine 80°C, 2 bar
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Aromatics can be re-extracted by using light hydrocar-
bons, (e.g., pentane) and freed from this solvent by 
simple distillation. 

A process proposed for the separation of shale oil into 
aliphatics, aromatics and polars is shown in Figure 1. 

Aromatics 

Shale oil may contain about 25 percent aromatics. 
After separation, this fraction may be purified by 
hydrotreatment. 

Distillation, hydrodealkylation, isomerization, dis-
proportionation and transalkylation processes may be 
employed to produce benzene, toluene, xylene and 
polymethylbenzenes. 

Alkanes/Alkenes 

Speaking in terms of a self-generated fixed-bed retort, 
about 45 percent of shale oil may be an alkane/alkene 
mixture, say Akar and Ekinci. This mixture may be 
employed as chemical feedstock after fractionation. 

FIGURE 1 

SEPARATION OF SHALE OIL 
INTO ALIPHATIC. AROMATIC

AND POLAR FRACTIONS 
afltarkMit

CDM5O/14.10) 

SOURCE: AXAB AND EMMO

Because the alkane/alkene fraction of shale oil is a mix-
ture of different-sized molecules, isolation of individual 
compounds is difficult, so a mixture of these com-
ponents may be used. Mixtures with carbon numbers 
of C6-C9, C10-C13, C14-C18 and >C18 can be obtained. 

Each fraction contains both alkanes and alkenes. A 
mixture may then be used for further chemical transfor-
mation of alkenes and alkanes. Separation of alkanes 
from alkenes would be possible by using a molecular 
sieve or extractive distillation. 

The shale oil alkene/alkane fraction is mainly on-
branched, and the alkanes are distributed throughout 
the raw shale oil but are concentrated in the range of 
C17-C19, C-C25 and C27-C31 . Flash pyrolysis can 22
produce more fragments containing high-molecular 
weight and multi-ring structures. Chemical treatment 
of the shale oil fractions to remove these waxes prior 
to severe hydrotreating is an attractive alternative. 

The C 7-C fraction of paraffins may be steam-
cracked anT distilled to produce more of the C6-C9, 

C 10-C 13 and C14-C18 fractions. 

Fractions containing C 6-C19 compounds may be 
dehydrogenated to olefins in the presence of H2 with 
incomplete paraffin conversion. 

The Use olAlkenes 

olefins are converted into C7-C1 alcohols via 
hydrolormylation and hydrogenation. These alcohols 
find application as solvents or, after esterification with 
phthalic anhydride, as plasticizers, according to the 
authors. 

The C10-C13 fractions can be used in the alkylation of 
benzene. In the presence of a Lewis or protonic 
catalyst, benzene alkylation occurs with isomerization 
of the olefin compound. 

C 14-C 18 alkenes may be sulfonated with SO  to 
produce detergent raw materials. Alkene sulfuric acid 
is then neutralized with a base. 

Alkenes can be epoxidized with peracid to produce 
epoxides. This epoxy compound may be used as a reac-
tive diluent in epoxy resins or as stabilizers in 
polyvinyl-chloride compound formulations. 
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Processing of Polars 

Even though the nitrogen content of shale oils is 
detrimental to synfuel production due to its effect on 
storage difficulties and catalyst poisoning during refin-
ing, it may provide distinct advantages in chemicals 
production. For example, nitrogen-based solvents such 
as aniline, quinoline, pyridine, lutidine and collidine 
can be produced. 

MODEL DEVELOPED FOR ASPHALTENE 
ASSOCIATIONS IN SHALE OIL 

The association of molecules is quite important to as-
phaltenes chemistry; therefore, the thermodynamics of 
these associations were examined as a means of under-
standing the phenomenon of asphaltene precipitation 
and as a means for better understanding 
physical/chemical behavior of asphaltenes in process 
systems. 

The Bunger-Russell-Devineni (BRD) Molecular As-
sociation Thermodynamic Model has been developed 
for describing solution/asphaltenes systems. 

The model was described by J. Bunger, et al., in a 
paper presented at the Symposium on the Role of As-
phaltenes in Petroleum Exploration, Production and 
Refining, held in San Diego, California in March. 

In the BRD model, a liquid system is envisioned to con-
sist of monomers and clusters of associated molecules 
with essentially void spaces between monomers and 
clusters. Asphaltenes are formed when the size of a 
cluster exceeds the ability to remain in suspension with 
other clusters. 

The BIRD model relates true molecular weight of the 
monomer to the apparent molecular weight of the as-
sociated system in terms of a thermodynamically 
defined k and a measure of the degree of 
association, n. 

Test of the Model 

The BRD model can be tested by comparing the calcu-
lated molecular weight derived from the model with an

independent measure of molecular weight such as 
mass spectroscopy. To calculate the true molecular 
weight (MW), data are needed of the apparent 
molecular weight MW as a function of concentration 
of solute. This is conveniently obtained by using vapor 
pressure osmometry. In Vapor Pressure Osmometry 
(VPO), the temperature depression is related to the 
number of particles of solute whether monomer or as-
sociated cluster. 

For a nominal 275 to 400°C shale oil distillate the 
BRD results yield an average molecular weight for the 
monomer of 235 Dalton. 

The measured average molecular weight by Gas 
Chromatography-Mass Spectroscopy (GC-MS) is 
232 Dalton. By traditional means of linear extrapola-
tion of the MW versus C data, a value of 245 Dalton is 
determined. Low values for n and k show that the sys-
tem is not highly associated and the apparent 
molecular weight is not very different from the true 
molecular weight. 

For a 200 to 275°C fraction, a very different situation is 
observed. Here, because of apparent acid-base reac-
tions, a highly associated state is seen. The traditional 
method estimates a molecular weight of 735 for a sys-
tem that by GC-MS has an actual average molecular 
weight of 173. In this case, the BRD model found a 
local minimum at which the monomer molecular 
weight is 172. 

Application to Shale Oil Asphaltenes 

A fraction of >400°C shale oil was dewaxed, and the 
dewaxed oils were subjected to pentane deasphalting 
(40/1). VPO data were obtained and the BRD model 
was applied to the data. Results are shown in Figure 1. 

The BRD results indicate an average molecular weight 
for the monomer of 583 Dalton. An independent 
measurement of the true molecular weight is not avail-
able. For the shale oil asphaltenes, the calculated n is 
2.4 and the calculated k is 153. 

Conclusion 

The BRD model describes a solution system in which 
solute molecules associate in larger aggregates but the 
solvent molecules do not. The initial test of the model, 
using VPO as a tool for measuring the degree (n) and 
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FIGURE 1 

APPLICATION OF BRD MODEL TO ASPHALTENES 
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strength (k) of associations is encouraging. Until fur-
ther tests and applications are made, it is not known 
how robust the model and its solutions will be. 

The model promises a powerful means for studying 
asphaltene chemistry. Measuring k values at differing 
temperatures can yield thermodynamic values that can, 
in turn, be correlated with the electronic and 
geometric structure of the association. Variations of

values for n with differing solvent systems could shed 
light on solvent-solute interactions. 	 - 

The model is expected to have applications wherever 
molecular association/precipitation and possibly ad-
sorption are important to the analytical or process 
results. 

U
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INTERNATIONAL 

PETROBRAS 40-YEAR HISTORY NOTES OIL 
SHALE DEVELOPMENTS 

Petrobras was established under Brazilian Law in 
October 1953. It was assigned the responsibility of 
securing the country's supply of oil and derivatives, and 
was granted exclusive rights over this area. 

The company's activities in oil shale development were 
described in Petrobras Magazine (last quarter 1993), 
particularly with regard to the Petrosix process. The 
Petrobras publication 40 Years also discussed the 
Petrosix process. 

One of the first inventions devised by Petrobras techni-
cal staff was the Petrosix process for obtaining liquid 
and gas hydrocarbons from oil shale and tar sands. 

The earliest efforts to exploit oil shale in Brazil date 
back to the last century. However, the first effective 
steps were taken in 1950, when a Bituminous Shale In-
dustrialization Commission was set up, concentrating 
its activities in the Paraiba Valley, Sao Paulo State. 
With the startup of Petrobras activities, this commis-
sion became the Shale Industrialization Superinten-
dency (SIX). In 1957, it carried out the first tests on 
shale from the Irati Formation, extracted from the Sao 
Mateus do SW deposit in Parana State, Southern 
Brazil. 

During the 1960s, Petrobras decided to build a 
prototype plant for semi-industrial testing of the 
Petrosix process. The shale is first crushed and then 
run through a retort where it is processed in a vacuum, 
yielding liquid and gas hydrocarbons as well as other 
products. 

Today, shale processing is concentrated in the Sao 
Mateus do Sul plant, 140 kilometers from Curitiba, the 
Parana State capital. 

Daily output totals 4,000 barrels of oil, as well as 
140 tons of gas, 50 tons of liquefied petroleum gas, and 
100 tons of sulfur. The industrial-scale plant was in-
augurated in January 1992, absorbing investments 
equivalent to US$93 million. Operating jointly with 
the existing prototype, the complex will generate 
revenues of some US$36 million equivalent annually.

Shale is found throughout Brazil, although the most 
important deposit is the Irati, whose reserves should 
yield an estimated 50 billion barrels through the 
Petrosix process. 

Shale processing has had a decisive influence on 
economic development in the Sao Mateus do SW 
region. In addition to relying on locally generated 
energy, the plant provides such byproducts as lime-
stone, retorted shale, waste oils, retorted water, and 
shale fines, which can be used in agriculture and as raw 
materials or energy inputs for the production of con-
ventional ceramics, cements, bricks and tiles. 

In order to encourage the use of shale products and 
byproducts, principally by industries that wish to set up 
shop in Sao Mateus do Sul, Petrobras has imple-
mented a program known as the Sao Mateus do SW 
Technology Incubator, through an agreement involving 
the Universidade Federal do Parana and other institu-
tions. By offering advantages in the technological, tax, 
credit and legal areas, the program encourages ven-
tures designed to further the development of shale-
based products. The first firm to open within the 
scope of this incubator is the Mulching Six fertilizer 
company, which is preparing to launch two products 
for use in agriculture: a liquid component based on 
retort water and a solid product based on retorted 
shale. 

SWEDISH OIL SHALE ERA REVIEWED 

In an article in Oil Shale, Volume 10, Number 4, 
S. Bergh outlined activities involving oil shale during 
the period 1925-1961 in Sweden. 

Four different pyrolysis methods were used, three of 
them using crushed shale (the Bergh, IM and HG 
methods) and the fourth (the Ljungstrom method) 
treating the shale in situ. 

Bergh Method 

The Bergh method was the result of work occurring 
during 1919-1924.
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The hot coke formed during pyrolysis serves as the 
source of heat in this process, sufficient not only for 
the completion of the latter but also for considerable 
steam production. During pyrolysis, the organic sub-
stance of the shale is decomposed into hydrocarbons; 
the heavy ones yield oils and gasoline upon condensa-
tion, and the lighter ones form a gas of high calorific 
value. 

IM Method 

The originator of the IM method was J. Grondal 
(1859-1932), who constructed a furnace for wood distil-
lation. In the later 1920s, it was used in Estonia for the 
pyrolysis of kukersite, which is almost 4 times as rich in 
oil as the richest Swedish shale. During pyrolysis, the 
heating is carried out using circulating distillation 
gases, heated over special heating elements in a long 
tunnel. Cracking of the oil constituents occurs to some 
extent. 

After the death of Grondal in 1932 the method was 
improved by F. Carlsson. The furnaces were built by 
AB Industrimetoder, hence the designation IM. 

HG Method 

This designation alludes to G. Hultman and 
E. Gustafsson. 

In Scotland, the lower part of the retort served as a gas 
generator whereby most of the carbon content of the 
coke was utilized. The hot gases formed also served to 
heat the shale in the upper pyrolysis zone of the retort. 
Due to the high ash content of the Swedish shale, 
gasification is small. Instead of gas, superheated steam 
is used. The fuel consumption is high. 

LJungstrom Method 

F. Ljungstrom launched this method in 1941. The 
process involves heating the shale with electric power. 
The heating elements are placed in boreholes put in a 
hexagon pattern. The oil gases formed escape through 
holes in the centers of the hexagons. The power con-
sumption amounts to about 7,500 kilowatt-hours per 
cubic meter of oil. 

Starting of the Shale Oil Industry 

The first major shale oil plant built in Sweden was lo-
cated at Kinne-Kleva in Vastergotland. Nearby was 
also an old industry for the production of calcareous

earth by burning limestone. This factory was modern-
ized by burning the limestone in a shaft kiln heated by 
burning gases from an oil plant of the Bergh design. 

Such a plant with a capacity of about 500 tons of oil 
per annum was erected in 1925. 

Oil Works of the Navy 

In 1932, the Bergh plant was acquired by the Swedish 
Navy. During the time the Navy operated the plant, 
many essential problems were solved; e.g., the extrac-
tion of sulfur. The refinement of the crude oil was also 
investigated; viz., its conversion into diesel oil, lubrica-
tion oil, gasoline for aircraft, etc. 

Immediately upon the outbreak of World War II in 
1939, the KMF was authorized to build a big plant at 
Kinne-Kleva. In addition to a complete oil production 
factory, a sulfur-extracting plant according to the Ger-
man Alkazid-Claus method was erected. Average 
production per annum was approximately 7,000 tons of 
oil, 2,500 tons of sulfur and approximately 10 million 
cubic meters of non-condensable gas of high calorific 
value (temporarily used for electric power production). 

Kvarntorp Works (Svenska Sklfferolje AB) 

The civilian development of the shale oil industry in 
Sweden was guided by the Academy of Engineering 
Sciences (IVA), which considered the IM tunnel con-
cept a possible competitor to the Bergh method. 

In May 1940, IVA requested grants to investigate the 
IM method on a pilot scale. Another petition sug-
gested the building of a big plant of the IM type, at 
which shale coke was foreseen for heating. 

The first petition rendered a grant, and by the end of 
of the year the committee reported positively on oil 
production but negatively on coke combustion. 

Later, a new enterprise, Svenska Skifferolje AB, was 
formed to build a large shale oil plant. 

Kvarntorp, with its abundant deposits of shale holding 
approximately 6 percent oil, was selected as the site of 
the plant. 

It was decided to use three different production 
methods: Bergh, IM and HG. The planners expected 
that excess gas from the Bergh plant would supply heat 
to the IM and HG until coke combustion problems 
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were solved. The coke combustion problems were 
never solved, however, and the financial losses thus in-
curred were heavy. 

During the first 5 years of plant operation, the coke 
was conveyed to the steadily growing waste pile of the 
works. There the pyrophorie nature of the coke led to 
inextinguishable fires. Because sulfur was being 
burned as well as carbon, the fires became an environ-
mental nuisance, and action became necessary. 

In 1945, the idea arose to use the coke for steam 
production. A trial plant was designed, which seemed 
so promising that a large plant was approved. This 
plant burned only about half of the coke, and the ashes 
thus still remained an environmental problem. The 
plant was eventually discontinued, but the experience 
gained led to improvements in the Bergh units. The 
modified Bergh unit was named the Bergh-Kvarntorp, 
or BK, and all Bergh furnaces were rebuilt. 

Oil shale activities in Sweden were eventually halted, 
however, due to their history of financial losses. After 
an audit of Kvarntorp in 1961, further activities could 
not be justified and the units were closed down. 

During the war, when the cost was a matter of less im-
portance, the production was imposing. The use of the

Ljungstrom method strongly contributed to this; with 
comparatively cheap investments but high expenses for 
electrical energy, the "cream" was extracted from vast 
areas of shale not accessible for mining. The total 
Kvarntorp oil production in the best years amounted to 
approximately 100,000 tons annually, which after refin-
ing contributed 1.7 percent of the gasoline and 
0.8 percent of the fuel oil requirements of the country. 
The annual production of sulfur was approximately 
30,000 tons, and that of ammonia (after 1956) was ap-
proximately 20,000 tons. 

The Navy plant at Kinne-Kleva filled its mission during 
the critical years. In comparison with Kvarntorp it suf-
fered from poorer raw material and a rather small size. 
On the other hand, the oil produced was comparatively 
cheap. The works were discontinued in 1946, as one 
plant for peacetime production was considered to be 
enough. 

According to Bergh, a resurgence in oil shale activities 
in Sweden does not seem probable today. Even if a fu-
ture shortage of gasoline in the world eventually would 
call for a revival, it seems most likely that sulfur pollu-
tion and radon emissions (due to the shale's uranium 
content) would inhibit a new shale oil era in Sweden. 

rim 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1994) 

ACORN PROJECt' - (See Stuart Oil Shale Project) 

CIIATILAM 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 economies 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. 

Since January 1993, the unit has been operated as a stand-by unit on coal and limestone. It is also available for co-combustion tests 
if desired. 

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

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (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 rights for use in future shale oil operations at its Clear Creek 
and Parachute Creek properties. 

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

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

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

A draft EIS covering the plant and a 196-mile pipeline to Lisbon, Utah, was released in December 1975 and the final EIS was later 
issued. EPA issued a conditional prevention of significant deterioration permit in November 1979. Land exchange was consum-
mated on February 1, 1980. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in the project for approximately $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. 
Steams-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 Ilouston, Texas office. 

Project Cost: Estimated in excess of $546 billion

SYNTHETIC FUELS REPORT, JUNE 1994 
2-10



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1994) 

COMMERCIAL PROJECTS (Continued) 

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

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

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

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

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

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the flnec process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50, 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 
environmental 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 511', 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	 t: $23 billion (mid-1983 U.S. dollars) 

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

In 1991 Esperance Minerals and Greenvale Mining announced they are planning to produce 200,000 tons per year of 'asphaltine' 
for bitumen from the Alpha 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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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1994) 

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 POWERPLA.NTh - Estonian Republic (S-SO) 

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

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

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

Most extracted oil shale (85 percent) is used for power production rather than oil recovery. More than 60 percent of Estonia's 
thermal energy demand is met by the use of oil shale. Fuel gas production was terminated in 1987. 

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

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

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

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

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

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

Shale oil is currently being used only as a boiler fuel, but a new scheme for upgrading Fushun shale oil has been studied. In the 
proposed scheme, shale oil is first treated by exhaustive delayed coking to make light fractions which are then treated successively 
with dilute alkali and sulfuric add 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 Powerplant Project) 

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

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

In 1986, a cooperative project with Romania was initiated to investigate the development of a direct-combustion oil-shale-fired 
powerplant. Jordan has also investigated jointly with China the applicability of a Fushun-type plant to process 200 tons per day of 
oil shale. A test shipment of 1 9200 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, 	 barrel per day shale oil plant operating on El 
Lajjun oil shale. Pilot plant retorting tests were performed in Lurgi's LR pilot plant in Frankfurt, Germany. 
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STATUS OF OIL SHALE PROJECT'S (Underline denotes changes since March 1994)	 - 

COMMERCIAL PROJECTS (Continued) 

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

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

IUVITER PROCESS - Estonian Republic (S-120) 

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

To meet the needs of re-equipping of the oil shale processing industry, a new generator was developed. The f
i
rst 1,000 ton-per-day 

(TPD) generator of this type was constructed at Kohtla-Jam, 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 9.6 meters, and its height is 21 meters. The operation of the 1,00) ton per day generator revealed 
a problem of carry-over of finely divided solid particles with oil vapors (about S to 10 kilograms per ton of shale). 

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

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

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

Project Cost: Not disclosed 

MAOMING COMMERCIAL SHALE OIL PLANT - Maoming Petroleum Industrial Corporation, SINOPEC Maturing, 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 percent oil yield. 

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

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

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

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (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. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1994) 

COMMERCIAL PROJECTS (Continued) 

MOROCCO OIL SHALE PROJECT - ONAREP, Royal Dutch/Shell (S-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 'F3 for the Moroccan oil shale retorting process was derived. 

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

Construction of a pilot plant at Timandit was completed with funding from the World Bank in 1984. During the first quarter of 
1985, the plant went through a successful shakedown test, followed -by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the 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 'fl process developed jointly by Science Applications, Inc., and the Office National de Recherche or d'Exploitation Petrolieres 
(ONAREP) of Morocco. The T3 process consists of a semi-continuous dual retorting system in which heat from one vessel that is 
being cooled provides a portion or 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, Sing 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: $2.5 billion (estimated) 

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

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

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

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

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

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

Although Congress appropriated $8 million in fiscal year 1991, Occidental declined to proceed with the $225 million 'proof-of-
concept" modified in situ (MIS) demonstration project to be located on the C-b tract. In 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.
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COMMERCIAL PROJECTS (Continued) 

The project was to be a 1,200 barrel per thy demonstration of the modified in situ (MIS) retorting process. Estimates indicate that 
there are more than 43 billion barrels of recoverable oil at the site. Also included in the project were plans for a 33 megawatt oil 
shale fired powerplant to be built at the C-b tract. Such a powerplant would be the largest of its kind in the world. 
At the end of the demonstration period, Occidental had hoped to bring the plant up to full scale commercial production of 
2,500 barrels of oil per day. 

Project Cost: $225 million for demonstration 

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

PAMA, an organization founded by several major Israeli corporations with the support of the government, has completed extensive 
studies, lasting several years, which show that the production of power by direct combustion of oil shale is technically feasible. Fur-
thermore, the production of power still appears economically viable, despite the uncertainties regarding the economies 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 Ahlstrom, Finland, is based on a circulating fluid bed technology. 

The 41 megawatt plant is a cogeneration unit that delivers 50 tons per hour of steam at high pressure. Low-pressure steam is sold 
to process application in a chemical plant, and electricity produced in a back-pressure turbine is sold to the 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 three year period. During this time, the op-
timum operating parameters will be determined for scale-up to larger units. 

PAMA and Israel Electric (the sole utility of Israel) have also embarked on a project to build a full scale oil shale-fired commercial 
powerplant. The first 75 me gawatt unit is scheduled to go into operation in. 

PAMA has been developing a Fast-Heating Retorting Process, using hot recycled ash as the heat carrier. Tests have been carried 
out in a 50 kilogram per hour experimental unit. Work has been started on a 6 ton per hour pilot plant, with startup scheduled for 
early 1996. 

Project Cost: $30 million for combustion demonstration plant
$8 million for retortinr pilot plant 

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

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,000 acres of 
oil shale lands Unocal owns contain over three billion barrels of recoverable oil in the high-yield Mahogany Zone alone. Since the 
early 1940s, Unocal research scientists and engineers have conducted a wide variety of laboratory and field studies for developing 
feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its Los 
Angeles, California refinery. From 1955 to 1958, Unocal built and operated an upflow retort at the Parachute site, processing up to 
1,200 tons of ore per thy and producing up to NO 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 FEC facility. 
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COMMERCIAL PROJECTS (Continued) 

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. 

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

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

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

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

Project Cost: Phase I - Approximately $1.2 billion 

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

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

A Petrosix pilot plant, having an 8 inch inside diameter retort, has been in operation since 1982. The plant is used for oil shale 
characterization and retorting tests 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 Cent". 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 2,2(X) tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Manus 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, has	 126,400 
Oil Produced, Bbl	 3,360,000 
Processed Oil Shale, tons 	 7,070,000 
Sulfur Produced, tons	 568,130 
High BTU Gas, tons 	 121,60)
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COMMERCIAL PROJECTS (Continued) 

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

In 1992, the Sao Mateus do Sul project was producing at 80 percent of the full.scale capacity. Total daily production is expected to 
reach 4,000 barrels of shale oil (at a cost of $2230 per barrel), 140 metric tons of fuel gas, 50 tons of liquefied petroleum gas and 
100 tons of sulfur. 

With the 36-loot (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 STU Gas	 132 tonnes 
Sulfur	 98 tonnes 

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

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

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

Project Installed Costs: $120 (US) million 

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

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

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

On November 24, 1987, 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. 

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

In late July, 1988 a letter agreement was signed between Tri-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 I-Ienryville. 

As of May, 1989 Ramex had been unsuccessful in sustaining long-term burns. They therefore redesigned the burner and built a 
much larger model (600,000 BTU per hour vs 40,000 IITU 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 percent hydrogen, 
30 percent methane and little or no sulfur. Ramos contracted with a major research firm to complete the design and material 
selection of its commercial burners which they say are 40 to 50 percent more fuel efficient than most similar industrial units and 
also to develop flow measurement equipment for the project. Ramer 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 compan/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?
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COMMERCIAL PROJECTS (Continued) 

-	 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. 

In 1992 Ramex announced a company reorganization and said that new laboratory tests were being arranged to improve its technol-
ogy. 

On September 30, 1993, Ram" Synfuels International, Inc., as sponsor of a private placement of limited partnership interests in 
Ramex Research Partners, Ltd. successfully closed an offering at the minimum amount intended to be sold of $110,000. As of the 
end of 1993, Ram" is attempting to obtain additional financing for phase 2,3 and 4 of the development and testing of the oil shale 
gasification process. 

Project Cost: Approximately $1 million for the pilot tests 

RIO BLANCO 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 4-year modified in situ (MIS) demonstration program was completed 
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 40) feet high and produced 24,790 barrels while burning from June through most of December 1981. Open pit mining-surface 
retorting development is still preferred, however, because of much greater resource recovery of 5 versus 2 billion barrels over the 
life of the project. Rio Blanco, however, could not develop the tract efficiently in this manner without additional federal land for 
disposal purposes and siting of processing facilities, so in August 1982, the company temporarily suspended operations on its 
federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In August 1987, the suspen-
sion was renewed. 

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

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

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

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

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

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

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

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop-
ment. During the work program the Dravo, Lurgi, Tosco, and Enon retorting processes were studied and tested. Geological and 
environmental baseline studies were carried out to characterize resource and environmental parameters. Mine planning and 
materials handling methods were studied for selected plant capacities. Results of the study were announced in September 1984. 
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COMMERCIAL PROJECTS (Continued) 

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

In October 1984 SPP/CFM 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 AS30 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 management and further 
shale upgrading and processing studies. 

Project Cost: US$2.65 billion total estimated 

SHC - 3000 RETORTING PROCESS - Estonian Republic (S-230) 

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

Processing of the kukersite shale in Sl-IC-3000 retorts makes it possible to build units of large scale, to process shale particle sizes 
of 25 millimeters and less including shale dust, to produce liquid fuels for large thermal electric power stations, to improve operat-
ing conditions at the shale-burning electric power stations, to increase (thermal) efficiency up to 86-87 percent, to improve sulfur 
removal from shale fuel, to produce sulfur and other sulfur containing products (such as thiophene) by utilizing hydrogen sulfide of 
the semicoke gas, and to extract valuable phenols from the shale oil water. Overall the air pollution (compared to direct oil shale 
combustion) decreases. 

The two SHC-3000 units built in 1980 at the Estonian Powerplant, Nam, Estonia, with a capacity of 3,000 tons of shale 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 productivity. 

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

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

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

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

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

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

By the end of 1991, 1,833,700 tons of shale was processed at SHC-30W and 220,000 tons of oil had been produced 
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COMMERCIAL PROJECTS (Continued) 

STUART OIL 5I-Lkj.E PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals ML (S-210) 

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

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

As a result of the Phase 2 batch tests, SI'? 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 
Wane 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. 

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 twine) with 150 million barrels of 
rest ins. 

SPP/CPM engaged two engineering firms—Bechtel and Dav y—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 Taciuls Processor as the most effective retort for Queensland oil shale. 

The overall SPP development plan includes three stages, commencing with a low capital cost, semi-commercial plant at 6,000 Wanes 
per day of high grade shale feed producing 4,250 barrels per day of oil. Bechtel Engineering has offered to build the first stage on a 
fixed price time certain contract with performance suarantees subiect to liq uidated damases. Once the retorting technology is 
proven the second stage plant at 25,00 tons per day of shale producing 14,000 barrels per day of syncrude from an intermediate 
grade will be constructed. Stage three is a replication step with five 25,000 ton per day units producing 60,000 barrels per day of 
syncrude from average grade shale, or approximately 15 percent of the projected Australian oil import requirement in the year 
2000. 

With both these sovernment supports—the excise tax benefit alone covers all operating costs—Stale I is profitable at any oil price 
above $5 per barrel as notionally suceested below. 

W1$1993 fl 
Proiect after tax IRA 10.0% 15.2% 19.1% 
Investor after tax IRA 143% 20.0% 25.2% 

According to conceptual SPP calculations neither Stage 2 or 3. the subsequent full size commercial plants, reQuire any sovernment
subsidies to be economic. 

In parallel with these matters, environmental impact studies have been completed and the Stuart partners were granted a mining 
lease for the term of 24 years in October 1993. 

Project Cost: For semi-commercial demonstration module US$132 million 

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

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 
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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 on. 
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 

KENTORT II PDU—University of Kentucky Center for Applied Energy Research (CAER) (5-290) 

CAER has completed a 50-pound per hour Process Development Unit (PDU) in 1993 to test the KENTORT 11 process. The 
KENTORT II process is a fully-integrated, four-stage, fluidized-bed oil shale retort. The pyrolysis, gasification and cooling zones 
are aligned vertically and share a common fluidizing gas. The combustion zone is adjacent to the gasification section, and a - 
separate gas stream (air) is used for fluidization. 

Three major shakedown runs were completed during 1993. The 50-pound per hour PDU has been shown to be functional when 
nitrogen is used for fluidization. To be considered completely operational, however, steam most be used for fluidization. Steam is 
crucial to the KEWI'ORT II PDU for two reasons. First, steam is a necessary reactant for the gasification zone, and, second, the oil 
collection system was designed around the use of steam. Shakedown runs using steam for fluidization are planned for early 1994. 

CARE researchers hope to achieve yields of 120 percent of Fischer Assay in the fluidized-bed retort when combined with steam 
sweep. 

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

Lawrence Livennore National Laboratory (LLNL) has, for over the last 5 years, been studying hot-solid recycle retorting in the 
laboratory and in a 1 tonne per day pilot facility and have developed the LLNL Hot Recycled-Solids Retort (HRS) process as a 
generic second generation oil shale retorting system. Much progress has been made in understanding the basic chemistry and 
physics of retorting processes and LLNL believes they are ready to proceed to answer important questions to scale the process to 
commercial sizes. LLNL hopes to conduct field pilot plant tests at 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 pyrolyzer. The combined raw and burned shale (at a temperature near 500 degrees C) pass through 
a moving, packed-bed retort containing vents for quick removal and condensation of product vapors, minimizing losses caused by 
cracking (chemical breakdown to less valuable species). Leaving the retort, the solid is pneumatically lifted to the top of a 
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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 lull particle size (0.25 inch). Key 
components of the process are being studied at this scale in an integrated facility with no moving parts using air actuated valves and 
a pneumatic transport, suitable for scaleup. In April 1991, the first lull system run on the 4 tonne per day pilot plant was com-
pleted. Since that time, the retort has successfully operated on both lean and rich shale (22-38 gallons per ton) from western 
Colorado. LLNL plans to continue to operate the facility and continue conceptual design of the 100 tonne per day pilot-scale test 
facility. LLNL has joined with a consortium of industrial sponsors for its current operations in a 3 year contract to develop the 
HRS process. 

The ultimate goal is a 1,-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 negotiated successfully with 
Chevron, Conoco and Amoco, and hopes to interest other industrial partners which will form a Project Guidance Committee. 

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

NEW PARAIlO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (S-310) 

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

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

The cost of carrying out the initial market development phase of the commercial development plan was approximately $23 million, 
all of which was funded by 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 were constructed in Colorado, Utah and Wyoming. The test strips are being evaluated over a period of several 
- years, during which time Paraho will complete site selection, engineering and cost estimates, and financing plans for a commercial 

production facility. Test strips were also completed on 1-20 east of Feces, Texas, in Michigan for a test section of 1-75 near flint, 
on 1-70 east of Denver, Colorado and on US-59, northeast of Houston, Texas. 

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

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

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

Approximately 1,500 acres of the Mahogany Block are still controlled by the Tell Ertl Family Trust and are available to New 
Pasaho 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.
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In December 1992 New Paraho announced that its pilot plant in Rifle, Colorado was currently producing 15 barrels of shale oil 
daily as part of a new SOMAT test marketing program started in September. 

The first phase of the new test market program for SOMAT is expected to cost $1.2 million through 1993, produce enough 
SO MAT for 50 to 60 miles of asphalt roads and employ 13 people. 

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

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

New Paraho has proposed a 7-month, $50E,0 commercial evaluation program to assess the economic benefits of coprocessing 
used tires with oil shale. Initial experiments have demonstrated that retort operations can be sustained with used tires as 5 percent 
of the feedstock. 

Project Cost: $3,700,000 

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 Aleksinac basin has allowed an underground coal gasification 
(UCG) combined with in situ oil shale retorting. Previous mining activities of Aleksinac brown coal and development of oil shale 
utilization (we 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 IJCG modulus. The project is a joint scientific and technological undertaking per-
formed by Yugoslavian and American staff. 

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

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

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

Proiect Sponsors last Appearance in SPIt 

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

Baytown Pilot Plant Exxon Research and Engineering September 1987; page 2-60 

BX In Situ Oil Shale Equity Oil Company March 1984; page 2-52 
Project 

Cottonwood Wash Project American Mine Service March 1985; page 2-73 
Cives Corporation 
Deseret Generation & 
Transmission Coop. 
Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page 84 

Duo-Ex Solvent Extraction Pilot Sclv-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 Exxon Company USA March 1985; page 2-73 

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

Gelsenkirchen-Scholven Veba Oct 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 Shalt Inc. September 1984; page S-3 

Means Oil Shale Project Central Pacific Minerals June 1987; page 247 
Draw 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 

Northlake Shale Oil Processing Pilot Northlake Industries, Inc. June 1993; page 2-30 
Uintah Basin Minerals, Inc. 

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

Pacific Project Cleveland-Cliffs June 1987; page 2-48 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979-, page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 247 
Facility
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STATUS OF 011. SHALE PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

RAPAD Shale Oil Upgrading Project Japanese Ministry of International Trade March 1990; page 2-52 
and Industry 

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

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

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

Trans Natal T-Projcct Trans Natal, (3cncor, Republic of 
South Africa March 1991; page 2-30 

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

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 

Unnamed In Situ Test Mecco, Inc. September 1978; page B-3 

Unnamed Fracture Test Talley Energy Systems 	 - September 1978; page B4 

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

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

Company or Organization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-18 

Beloba Pty. Ltd. Yaamba Project 2-20 

Central Pacific Minerals Stuart Oil Shale Project 2-20 
Condor Project 2-11 
Rundle Project 2-18 
Yaamba Project 2-20 

Chevron Shale Oil Company Clear Creek Project 2-10 

Conoco Inc. Clear Creek Project 2-10 

Esperance Minerals NL Esperance Oil Shale Project 2-11 

Esso Exploration and Production Australia Ltd. Rundle Project 2-18 

Estonian Republic Estonia Power Plants 2-12 
Kiviter Process 2-13 
SLIC-3000 Retorting Process 2-19 

Exxon Company USA Colony Shale Oil Project 2-10 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-12 

Greenvale Mining NL Esperance Oil Shale Project 2-11 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-17 

Jordan Natural Resources Jordan Oil Shale Project 2-12 

Kentucky Center for Applied Energy Research KENTORT II PDIJ 2-21 

Lawrence Livermore National Laboratory LLNL Hot Recycled-Solids (HRS) Retort 2-21 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-13 

Marathon Oil Company New Paraho Asphalt From Shale Oil 2-22 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-13 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 2-10 

New Paraho Corporation New Paraho Asphalt From Shale Oil 2-22 

Occidental Oil Shale, Inc. Occidental MIS Project 2-14 

Office National de Recherche et Morocco Oil Shale Project 2-14 
d'Exploitation Petrolieres 
(0 NA REP) 

PAMA Inc. PAMA Oil Shale-Fired Power Plant Project 2-15 

Peabody Australia Pty. Ltd. Yaamba Project 2-20 

Petrobras Petrosix 2-16 

Ramex Synfuels International Ramex Oil Shale Gasification Process 2-17 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-18 

Royal Dutch/Shell Morocco Oil Shale Project 2-14
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STATUS OF OIL SHALE PROJECT'S 

INDEX OF COMPANY INTERESTS (Continued) 

Company or Or2anization 

SINOPEC 

Southern Pacific Petroleum 	 - 

Unocal Corporation 

United Nations 

Yaamba Joint Venture

Proiect Name	 Lu! 

Fushun Commercial Shale Oil Plant 2-12 
Maoming Commercial Shale Oil Plant 2-13 

Stuart Oil Shale Project 2-20 
Condor Project 2-11 
Rundle Project 2-18 
Yaamba Project 2-20 

Parachute Creek Shale Oil Program 2-15 

Yugoslavia Combined Underground Coal Gasification and 
In Situ Oil Shale Retort 2-23

Yaamba Project	 2-20 
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PROJECT ACTIVITIES 

SCEPTRE EXPANDS AT TANGLEF'LAGS 

In its 1993 annual report, Sceptre Resources Limited 
recounted developments at the Tangleflags Enhanced 
Oil Recovery (EOR) project, located near Lloyd-
minster, Saskatchewan, Canada. 

An expansion was undertaken by drilling one horizon-
tal oil well, a steam injector well and five stratigraphic 
tests. In addition, across the North Saskatchewan 
River in South Tangleflags, a primary horizontal well 
was drilled. Drilling and facility improvements in-
cluded upgrading the Tangleflags EOR facility, 
flowlines and well equipment, resulting in a production 
increase of 375 barrels per day. A 3-D seismic survey 
was shot over the entire Tangleflags and Tangleflags 
East acreage to identify expansion potential for future 
years. 

In addition, at Rutland, a heavy oil discovery on 
Sceptre acreage by another operator was developed, 
with Sceptre retaining a 30 percent interest in 18 gross 
(5.4 net) primary wells that were drilled in late 1993. 
Production levels for the year averaged 1,600 barrels 
per day of crude oil and natural gas liquids and 
1 million cubic feet per day of natural gas from the 
heavy oil area. Total 1993 area capital expenditures 
amounted to $6.5 million. 

ELECTROMAGNETIC HEATING WITH 
HORIZONTAL WELL TO BE TESTED AT FROG 
LAKE 

Large doses of electromagnetic energy will be used to 
heat a heavy oil reservoir near Frog Lake, Alberta, 
Canada in an experimental field project operated by 
Texaco Canada Petroleum Inc. The Alberta Oil Sands 
Technology and Research Authority reported in 
March that the heating is intended to increase the 
mobility of the oil, thereby enhancing recovery. The 
project is located about 80 kilometers northwest of 
Lloydminster. 

To heat the formation, four separate electrodes will be 
centered in the pay zone, three positive and one nega- 
tive. The positive electrodes will be placed in three

wells that slant downward and fan out in different 
directions, passing through the reservoir at angles rang-
ing from 24 to 60 degrees. The single negative 
electrode will be in a horizontal well that passes 
through the pay zone. 

When the heating phase of the project begins in a few 
months, power will be delivered to the electrodes at 
varying rates and frequencies. Until then, all four 
project wells will remain on primary production 
without heating. This will provide baseline production 
data that will help in evaluating the results of the 
project. 

FOUR HEAVY OIL GASIFICATION PROJECTS 
UNDER WAY IN ITALY 

The Texaco Gasification Power Systems (TGPS) in-
tegrates Texaco's gasification technology with proven 
power generation and energy recovery schemes. 
Several TGPS projects are under evaluation worldwide 
and amount to over 5,000 megawatts of new power gen-
eration. Currently, 2,000 megawatts are under con-
tract, with most of this Integrated Gasification 
Combined-Cycle (IGCC) development in Italy. 
P. Thone and C. McLaughlin reviewed TGPS develop-
ment in Italy in a paper presented at Alternate 
Energy '94, held in La Quinta, California in April. 

Presently, Italy must import approximately 16 percent 
of its total power requirements from abroad. ENEL, 
the state monopoly for power production, distribution 
and transmission, generates most of its power from 
fuel oil. The current sulfur level in the fuel oil is about 
3 percent, and this must be reduced to 1 percent by 
1998 to meet European Economic Community (EEC) 
regulations. To meet the new sulfur restriction in the 
fuel oil pool, the Italian refiners considered three op-
tions: 

- Run low-sulfur crudes 

Install deep conversion units 

Use the high-sulfur residues as a feedstock for 
IGCC power production

- 
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The first option was not considered a long-term, 
economically viable option. The second required large 
investments and high operating costs to meet the shift-
ing Western European demand for distillates. The 
third option was judged as the best solution. The 
IGCC option was particularly attractive to the Italian 
refining industry, which was faced with an increased 
production and corresponding disposal problem of 
higher-sulfur residual fuels resulting from the decline 
in crude quality. The Italian Government passed legis-
lation that encouraged power production from inde-
pendent power producers and provided an 8-year sub-
sidy for IGCC projects. An additional benefit of the 
IGCC application for the refiners was to exceed the 
new EEC refinery limits with respect to SO , , NO1, CO 
and particulates. 

Since March 1992, TGPS has been selected as the tech-
nology of choice for four major Italian refiners to 
produce power amounting to approximately 
1,500 megawatts of new capacity (Table 1). The 
projects, as listed below, are currently in an advanced 
engineering phase and are planning for a 1997 (or 
later) startup. Figure 1 provides the geographic loca-
tion of each project. 

Agip Petroll 

The Agip Petroli project is being developed by Agip 
Raffinazione S.p.A., a wholly-owned subsidiary of Agip 
Petroli S.p.A., the largest Italian petroleum company, 
and will be located at its Sannazzaro refinery near 
Milan. The project will gasify approximately 
9,000 barrels per day of high-sulfur (4 to 5 percent) 
visbreaker tar in quench gasifiers to produce synthesis 
gas that will fife a combined-cycle unit to generate am

proximately 250 megawatts of power. Steam and 
hydrogen will also be produced for the refinery. This 
project is expected to be operational by 1999. 

API Energia 

The API Energia project is being developed by a joint 
venture composed of API S.p.A., an Italian refiner, 
and the Asea Brown Boveri Group and will be located 
at API's refinery in Falconara. The project will gasify 
approximately 8,000 barrels per day of high-sulfur (5 to 
7 percent) visbreaker residue in quench gasifiers to 
produce steam for the API refinery and synthesis gas 
that will fife a combined-cycle unit to generate ap-
proximately 250 megawatts of power. This project is 
expected to be operational by 1997. 

ISAB Energy 

The ISAB Energy project is being developed by a joint 
venture composed of ISAB S.p.A., an Italian refiner, 
and Mission Energy, a subsidiary of Southern Califor-
nia Edison Corporation, and will be located at ISAB's 
Priolo Gargallo refinery in Sicily. The ISAB Energy 
power project will utilize Texaco's gasification technol-
ogy to gasify 17,000 barrels per day of high-sulfur (5 to 
7 percent) asphalt in quench gasifiers to produce 
steam and hydrogen for the ISAB refinery and syn-
thesis gas that will fire a combined-cycle unit to gener-
ate approximately 500 megawatts of power. This 
project is expected to be operational by 1998. 

SARLUX 

The SARLUX project is being developed by 
SARAS S.p.A. and will be located at its Sarroch 

TABLE 1

ITALIAN GASIFICATION PLANTS

Location Feedstock End Product Startup 

Enichem Natural Gas CO 1958 
Praofl Natural Gas H2 1965 
API Visbreaker Residue Power/Steam (1997) 
SARAS Visbreaker Residue Power/Steam/H2 (1998) 
ISAB Asphalt Power/Steam/H (1998) 
Agip Petroli Visbreaker Residue Power/Steam/H (1999)
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FIGURE 1 

TEXACO GASIFICATION PROJECTS 
Project Location 

Agip PeIoU (Sasrisnsro
,—Ethchem (Ravens) 

—API (Anon.) 
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SOURCE: mOtif MC MCLAUGHUN 

refinery in Sicily. The SARLUX project will utilize 
Texaco's gasification technology to gasify 
20,000 barrels per day of high-sulfur (5 to 7 percent) 
visbreaker residue in quench gasifiers to produce 
steam and hydrogen for the SARAS refinery and syn-
thesis gas that will fife a combined-cycle unit to gener-
ate approximately 500 megawatts of power. This 
project is expected to be operational by 1998. 

MONITORING PROGRAM FOR AOSTRA'S UTF 
PROJECT DESCRIBED 

The Alberta Oil Sands Technology and Research 
Authority's Underground Test Facility (AOSTRA 
UTF) is located 20 kilometers west of Syncrude in the 
Athabasca oil sands deposit of Northeastern Alberta, 
Canada. The UTF project uses the Shaft And Tunnel 
Access Concept to gain access to the reservoir from 
tunnels within the limestone underburden. Horizontal 
well pairs were drilled into the oil sands from the tun-
nels. 

Steam injection is concurrent with the bitumen and 
water production. The process operates at a constant 
pressure (below fracture pressure) and relies on 
gravity drainage to deplete the reservoir. The Phase A 
"laboratory-scale" pilot facility consisted of three pairs 
of 160-meter wells, each with 55 meters of completion,

and was successful. The subsequent Phase B pilot is 
operating, and consists of three pairs of 600-meter 
wells, with 500-meter completions. 

A monitoring program was established to: 

- Ensure the safety of the tunnels and wells 

- Quantify the success of the process 

- Confirm the geomechanical observations 
made during the Phase A laboratory-scale 
pilot 

- Assess methods of monitoring a commercial-
scale project 

This monitoring program was described in an article 
by P. Collins, in _T_ha Journal tf Canadian Petroleum 
Technoloev. Volume 33, No. 3. 

The Phase B well layout was designed to detect both 
early steam chamber development and longer-term per-
formance. The layout provides data along each well 
pair, and along three north-south cross-sections. 

All wells include thermocouple strings for a precise 
measurement of thermal advance. The BT-series wells 
mostly He along the intended alignment of the horizon-
tal well pairs and include a thermocouple point below 
the reservoir for underburden heat loss calculations, as 
well as a point between the injector and producer for 
monitoring breakthrough due to conductive heating of 
the interwell region. A dense spacing of thermocouple 
points above the well provides excellent data on steam 
chamber rise. Thermocouple points for the cased 
wells, a nominal 35 meters from the injector/producer 
well pairs, are concentrated at the top of the 20-meter 
pay, because the lateral growth of the steam chamber 
will initially be seen at the top of the reservoir. 

The BTP-series piezometer wells crisscross the 
Phase B pattern with piezometers to quantify fluid pres-
sure within the reservoir and surrounding formations. 
Vibrating-wire piezometers were installed in the sands 
of the Wabiskaw Formation above the capping 
mudstones, within the reservoir, and in the limestone 
underburden. Bubble-tube piezometers were installed 
beside the piezometers within the reservoir, and one 
pneumatic piezometer is in the Wabiskaw Formation. 
These will serve as independent checks on the long-
term stability of the vibrating-wire units. 
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All BC-series and BGI-series wells are surveyed and 
used for inclinometer wells to detect horizontal move-
ments. The regular, wide spacing of these 12 wells al-
low a complete reconstruction of the lateral deforma-
tions within the reservoir as the process advances. 
One well is particularly well-positioned as it will 
monitor movements affecting the shear movements of 
the horizontal well pairs as they enter the pay from the 
limestone below. 

The seven BC-series wells are at spacings of 70 meters, 
140 meters, 210 meters, and 280 meters. Seismic 
analyses of panels at these various spacings allow for 
an assessment of the ultimate range of the 
piezoelectric source and receiver. Interpolating be-
tween panels should permit a more accurate interpreta-
tion of the supposed local geology and subsequent 
process performance. The results of a preliminary 
analysis of the presteam cross-hole seismic data are 
good for the 70-meter and 140-meter panels, fair for 
the 210-meter panel, and poor for the 280-meter panel. 

Cemented-in geophones were installed in three wells 
as part of the seismic measurement-while-drilling tests. 
These could also be used for microseismic monitoring.

chiving with a Supervisory Control and Data Acquisi-
tion (SCADA) system. Data gathered manually are 
entered separately. Data are recorded by the SCADA 
system every week. These are automatically supple-
mented by subsequent readings during significant 
changes in data in order to record events within the 
reservoir. 

The instruments used are listed in Table 1. 

The wells were drilled subsequent to the placement of 
the horizontal wells, and there was a concern that their 
cementing would result in a cement breakthrough to 
the horizontal wells, which would necessitate an acidiz-
ing treatment to remove the unwanted cement from 
the completion screens. To prevent this, the Phase A 
wells contiguous to the horizontal wells were shallow 
and did not extend through the full depth of the reser-
voir. An improvement used in Phase B was to install 
uncased vertical observation wells prior to the horizon-
tal drilling to allow for the instrumentation of the full 
depth of the reservoir. The possibility of drilling 
through an uncased vertical well during horizontal drill-
ing was an accepted improbability. 

TABLE 1 
Only two extensometer wells were planned for 
Phase B, to determine vertical deformations within the 
reservoir. These would consist of a few Linearly Vary-
ing Displacement Transducer (LVD1')-type units plus 
a new design based on existing extensometers used in 
tunnels and elsewhere. The new design consists of a 
series of magnets around non-magnetic casing, into 
which a magnetic probe is inserted. As the reservoir 
deforms, the magnets will move up and down the 
casing, changing the inter-magnet spacings which will 
be recorded periodically. These readings are less 
precise but allow for more complete coverage of the 
reservoir. Five conventional LVDT units were used in 
the second extensometer well. These LVDT devices 
are more precise, can be automated and do not have to 
be abandoned due to a casing leak. 

Surface monuments were installed to monitor changes 
in the surface profile, which will then be analyzed to 
provide estimates of the locations of volumetric change 
within the reservoir. 

All electrical instrumentation at surface is hard-wired 
into a central computer for report generation and ar-

INSTRUMENTATION LOCATIONS AND QUANTITIES 

Thermocouple Reservoir 630 
Horizontal Wells 6 
Surface Casing 10 
Tunnels 99 
Heave Monuments 6 

Vibrating Wire . Reservoir 23 
Piezometer Surface Casing 2 

Pneumatic Piezometer Reservoir 1 
Bubble Tube Piezometer Reservoir 6 

Horizontal Wells 2 
Standpipe Piezometer Tunnels 8 
LVDT Extensometer Reservoir 6 
Magnetic Extensometer Reservoir 80 
Rod Extensometer Tunnels 65 
Heave Monument Ground Surface 131 

Surface Casing 30 
Convergence Pin Tunnels 56 

Wellheads 6
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SUNCOR OIL SANDS GROUP MADE BIG GAINS
	

The first phase of the 1993-1994 maintenance shut-
IN 1993
	 down was completed on budget at a cost of 

$36 million. 
In its 1993 annual report, Suncor Inc. announced 
progress in its oil sands operations, based near Fort 
McMurray, Alberta, Canada. 

Initiatives aimed at reducing total cash costs by $5 to 
$7 a barrel are on schedule. Suncor's goal is to reduce 
total cash costs to $12 per barrel by mid-1996. In 1993, 
total cash costs were reduced by $3.50 per barrel from 
1992 (from $19.50 per barrel to $16.00 per barrel), or 
$77 million, primarily because of the conversion from 
bucketwheel excavation systems to truck-and-shovel 
mining and lower sustaining capital expenditures. 

The Oil Sands Group converted to new mining technol-
ogy, including trucks, shovels and mineral sizing equip-
ment, 6 months ahead of schedule and more than 
$20 million below the projected cost of $100 million. 
Optimizing the use of this equipment is expected to 
continue throughout 1994. 

Upgrader modifications increased production 
capability to approximately 68,000 from 60,000 barrels 
per day. Higher levels of production and the securing 
of new markets have enabled the Oil Sands Group to 
diversify its product mix. Intermediate products, which 
require only partial upgrading and contain a higher sul- 
fur content than the plant's light, sweet blend, will be 
marketed on an ongoing basis. This gives the plant 
flexibility to maintain production while conducting par-
tial maintenance shutdowns. 

To meet its 1996 air license requirements and reduce 
sulfur dioxide emissions, Suncor is planning to install a 
limestone scrubbing facility at the oil sands utilities 
plant. The project, which is conditional on board of 
directors' approval, will cost approximately $200 to 
$220 million over the next 3 years. 

The Oil Sands Group produced a record-level 
22.1 million barrels of synthetic crude oil in 1993, in-
cluding 1.4 million barrels of intermediate product, or 
an average 60,500 barrels a day. This compares well 
with the 1992 production of 21.4 million barrels. The 
high 1993 volumes were achieved even though produc-
tion was suspended during a 1-month planned main-
tenance shutdown, and despite two fires that occurred 
in the upgrading area in the fourth quarter.

New markets were opened for higher-value premium 
products and ongoing sales of intermediate products. 
A new product blending system enabled the Oil Sands 
Group to customize products to meet specific cus-
tomer requirements. The Group is also integrating 
production, marketing and transportation planning 
with the Sunoco Group to enhance the value of both 
operations. 

Reliability of supply to customers was further im-
proved through maintenance and modifications to the 
pipeline between Fort McMurray and Edmonton. 
Shipping capability increased to 84,000 from 
72,000 barrels per day, reducing transportation restric-
tions on sales. With the construction of additional 
tank storage in Edmonton, the Group will increase its 
sales of diesel fuel. 

The second phase of the 1993-1994 planned main-
tenance shutdown was expected to be completed in the 
second quarter of 1994. Production of intermediate 
products will continue throughout the shutdown. 

With the increase in plant capability to 68,000 barrels 
per day, Suncor will apply to the Alberta Energy 
Resources Conservation Board to increase the current 
allowable production of synthetic crude oil from 
23.5 million barrels a year to approximately 25 million 
barrels. 

Suncor is also evaluating leases and alternative tech-
nologies for the development of a new mine, which is 
expected to begin production at the turn of the cen-
tury.	 - 

Last year, Suncor acquired two leases that could ex-
tend the life of the operation to 2040. Management es-
timates that these leases contain enough mineable 
bitumen resources to produce approximately 1 billion 
barrels of crude oil. Further drilling will be carried out 
this winter, and in future years, to gain a better under-
standing of these properties. Work also continues to 
determine the best technologies to be used in the min-
ing, transportation and extraction of the oil sands from 
a new mine. Based upon current information, the capi-
tal cost of opening a new mine could be significantly 
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higher than the earlier preliminary estimate of ap-
proximately $100 million depending upon such factors 
as lease selection, mining, transportation, utility and 
extraction technologies, method of operation, inflation 
and financing costs. Suncor still expects to make deci-
sions on these issues over the next 3 years with spend-
big on new mine development commencing in 1997 
and spread over 3 years. 

Environmental 

Over the next few years, the Oil Sands Group will 
focus its capital spending on environmental improve-
ments. In 1994, approximately $60 million will be 
directed to 502 and odor reduction projects. 

Reducing odors continues to be a priority. In 1993, the 
Oil Sands Group reduced odorous emissions from the 
upgrading and extraction operations, and expanded air 
quality monitoring equipment to more accurately trace 
and correct the source of plant odors. In 1994, 
$7 million will be spent to further reduce odorous emis-
sions. 

Suncor is planning to introduce limestone scrubbing 
technology in the Oil Sands Group's utilities plant to

meet 502 emission-reduction requirements specified 
in the Group's air license. The new technology, which 
is conditional on board approval, is expected to cost 
$200 to $220 million. In addition, $13 million is 
budgeted for 1994 to improve sulfur recovery from the 
upgrader. These two projects are expected to reduce 
the site's overall 502 emissions by at least 75 percent. 

Extraction of bitumen from the oil sands leaves a 
byproduct of water, sand, day and hydrocarbon com-
pounds, known as tailings. At present, these tailings 
are contained in holding areas, or tailings ponds. 
Suncor's long-term solution for disposing of these tail-
ings in an environmentally acceptable manner will in-
dude a variety of techniques aimed at reducing the 
volume of solids and treating the water through biologi-
cal means. 

Suncor reported that it is complying with strict soil 
reclamation regulations at its upstream and 
downstream operations. The company has budgeted 
approximately $13 million for reclamation and restora-
tion of property in 1994. 
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CORPORATIONS 

HEAVY OIL OUTPUT AT MURPHY OIL 
INCREASED 39 PERCENT IN 1993 

The Murphy Oil Corporation, in its 1993 annual 
report, said that production of crude oil and liquids in 
Canada increased 25 percent in 1993 to 12,692 barrels 
per day, with light oil at 5,243 barrels per day and 
heavy oil at 7,449 barrels per day. 

The heavy oil program included 31 successful horizon-
tal wells. In Saskatchewan, nine wells were drilled in 
Plover, Cactus Lake, Senlac, Tangleflags, and Eyehill. 
Twenty-one wells were drilled in Alberta at South 
Bodo and Hayter, and a well was drilled at Lindbergh. 
A program at West Provost for 20 vertical wells and 
3 wells at Tangleflags and Hayter completed the heavy 
oil program. This program resulted in a 39-percent in- 
crease in heavy oil production in 1993. However, be-
cause of the sharp drop in crude oil prices late in the 
year, some of the heavy oil production has been shut 
in, and development activities for heavy oil in 1994 will 
depend on oil prices. 

In December, Murphy acquired a 5-percent interest in 
the Syncrude project, located in the Athabasca oil 
sands area near Fort McMurray. 

Murphy's share of the Syncrude reserves is estimated 
at 83.8 million barrels, and its share of production will 
be approximately 9,000 barrels per day of synthetic 
crude oil. 

CALIFORNIA SYNFUEL.S RESEARCH STARTS 
HEAVY OIL UPGRADING STUDY 

Upgrading heavy crude oil and improving its quality as 
a raw material for 

oil 
refineries is the focus of coopera-

tive research being conducted by California Synfuels 
Research Corporation, Palos Verdes, California; the 
United States Department of Energy's Argonne Na-
tional Laboratory; and Santa Fe Energy Resources, 
Inc., headquartered in Houston, Texas. 

The project will combine data from field experiments 
conducted at research facilities owned by Ashland Oil 
Company in Catlettsburg, Kentucky, with computer

modeling at Argonne to evaluate combined thermal 
cracking and hydrogenation for upgrading heavy crude 
oils. 

Thermal cracking uses heat to break crude into 
simpler constituents. Hydrogenation uses a catalyst to 
attach hydrogen atoms to these constituents to 
upgrade them. 

SYNCRUDE STAKE CONTRIBUTES TO RECORD 
EARNINGS AT ALBERTA ENERGY COMPANY 

According to its 1993 annual report, the Alberta 
Energy Company Ltd. (AEC) achieved record earn-
ings of $91.6 million and record cash flow from opera-
tions of $2675 million. Compared to the prior year, 
earnings per share were up 132 percent and cash flow 
per share increased 18 percent. Increased ownership 
of Syncrude, located near Fort McMurray, Alberta, 
Canada, contributed to these increased earnings. 

In July, AEC agreed to exchange certain assets for the 
Amoco Canada Petroleum Company Limited 
3.75 percent partnership interest in Syncrude. This in-
creased AEC's share of proven synthetic oil reserves 
by 70 million barrels and daily synthetic oil production 
by about 7,000 barrels. AEC's share of Syncrude now 
is effectively a 13.75 percent working interest, plus an 
average 6.0 percent overriding royalty on another 
6.25 percent of Syncrude revenue. 

Sales of synthetic oil were at record levels for the 
fourth year in a row. AEC's share of 1993 sales 
averaged 22,118 barrels per day. Even though higher 
natural gas prices increased operating costs by 
$033 per barrel, 1993 unit operating costs were only 
$15.47 per barrel compared with $1539 in 1992. Over 
the past 5 years, unit operating costs have been 
reduced by 10 percent, and productivity of the 
Syncrude workforce has increased by 49 percent. 
AEC's cash breakeven operating cost for Syncrude of 
US$13.00 West Texas Intermediate (based on an ex-
change rate of US$0.78 per Canadian dollar) is some-
what lower than for other owners due to the 
Company's overriding royalty position. 
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Syncrude's research and development group continues 
to contribute to profitability. Since 1978, the develop-
ment of new processes has shown a 10-fold return on 
expenditures. The most recent innovation is a 
hydraulic method to pipeline more distant oil sands 
from the mine to the extraction plant at lower cost 
than conventional conveyor systems. This process has 
the additional benefit of preconditioning the oil sands 
during transport, resulting in higher bitumen recovery 
in the extraction plant. A prototype installed in 1993 is 
enabling Syncrude to produce an additional S million 
barrels of bitumen per year. 

A major project in 1994 will be debottlenecking the 
upgrader and hydrotreating facility to help reach 
production targets. Capital will be allocated to relo-
cate tailings and develop a salt-water removal technol-
ogy to mitigate corrosion of plant equipment and 
facilities. In addition, the eastern section of the mine 
will be expanded to recover an additional 80 million 
barrels of bitumen over the next 2 years. 

Syncrude is also studying alternative methods for site 
reclamation. During 1993, Syncrude reclaimed 
178 acres of land. 

In December 1993, the Syncrude owners agreed to ac-
quire two additional surface mineable leases, subject to 
execution of a formal agreement that is expected to 
occur in the first quarter of 1994. These leases are es-
timated to contain 2.2 billion barrels of high-quality, 
low-cost recoverable bitumen resources. When added 
to the existing 2.1 billion barrels of remaining 
resources, the plant has feedstock for 54 years of 
production at the 1993 production rate. 

AEC owns a two-thirds interest in the AEC Power 
260-megawatt cogeneration facility, which supplies 
steam and electricity to Syncrude. AEC's share of an-
nual earnings and divideids, included in equity earn-
ings, is $4 million. 

Pipelines 

AEC operates three oil pipeline systems in Alberta 
and has interests in a number of other pipelines. 
These investments contribute 20 percent of AEC's 
operating income and 17 percent of operating cash 
flow in 1993, not including equity earnings of affiliates. 
Pipelines currently account for 13 percent of AEC as-
sets.

Ownership of the Alberta OR Sands Pipeline (AOSPL) 
and Cold Lake Heavy Oil Pipeline (CLPL), plus inter-
ests in other pipelines, makes AEC the largest 
transporter of oil within Alberta. The pipelines 
transport synthetic, heavy and conventional crude oil 
from Northern Alberta to refineries in Edmonton, as 
well as to other pipeline systems that access North 
American markets. 

AOSPL throughput during the past year averaged 
183,500 barrels per day compared with 182,000 barrels 
in 1992. By the fourth quarter, following relocation of 
the pipeline at Syncrude and other system modifica-
tions, peak pipeline capacity increased to 
237,000 barrels per day from 226,000 barrels per day. 
Daily throughput on the CLPL system averaged 
128,000 barrels compared with 118,000 barrels in 1992. 

CRITERION CATALYST AND SYNCRUDE FORM 
ALLIANCE TO MEET ALL OF SYNCRUDE'S 
CATALYST NEEDS 

Criterion Catalyst Canada, Inc. and Syncrude Canada 
Ltd. announced in March the formation of an alliance 
in which Criterion and three affiliated companies will 
handle all of Syncrude's catalyst needs. 

The three affiliated companies are Catalyst Recovery 
Canada, Ltd.; Catalyst Technology (Canada) Ltd.; and 
CR1- MET. 

The alliance, which will be jointly managed by 
Syncrude and Criterion, will service Syncrude in four 
major areas: 

Supply of fresh catalyst 
- Regeneration of catalyst 
- Catalyst handling 
- Spent catalyst recycling 

The alliance will also handle additional services such as 
transportation, containers, warehousing, inventory 
management and emergency response coordination. 

Criterion Catalyst Company L.P., with facilities in the 
United States and in Medicine Hat, Alberta, Canada, 
will provide all hydroprocessing catalyst critical to 
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upgrade Syncrude's bitumen feedstock. In addition, a 
joint research and development program and a joint 
technical service program will enable the alliance to 
improve existing catalysts, and develop new catalysts 
and process technologies specifically designed for the 
special requirements of the Athabasca oil sands. 
Criterion will also provide on-site coordination of serv-
ices and inventory management at Syncrude's Mildred 
Lake operation. 

Catalyst Recovery Canada, Ltd., in Medicine Hat, will 
provide high-quality catalyst regeneration services and 
laboratory analysis, as well as inventory management

assistance. Catalyst Technology (Canada) Ltd., Ed-
monton, Alberta, will provide the catalyst handling ex-
pertise, which includes loading and unloading of 
catalyst, as well as the servicing and maintenance of all 
of the reactors and vessels. 

Completing the total catalyst cycle, CR1-MET will 
provide an environmentally safe means of eliminating 
spent catalyst. CR1-MET's process completely 
recycles spent catalyst into salable products. 
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GOVERNMENT 

ERCB REVIEWS YEAR OF OIL SANDS 
ACTIVITIES 

In its publication Energy Alberta j29, the Energy 
Resources Conservation Board (ERCB) summarized 
oil sands activities for the year in Alberta, Canada. 

Another Record Year for Oil Sands 

Production of synthetic crude oil was an estimated 
143 million cubic meters, 4 percent higher than in 
1992 (Figure 1). Suncor's production reached 
9,600 cubic meters per day. Syncrude continued to 
show improved efficiency gains which resulted in a 
record production of 29,500 cubic meters of synthetic 
crude oil per day. 

Crude bitumen production from in situ areas was an 
estimated 7.7 million cubic meters for 1993, an in-
crease of about 5 percent over 1992. Weakening oil 
prices late in 1993 curtailed plans for additions to

several thermalCrojects, including the Cold Lake 
Project. 

Initial established reserves of crude bitumen are es-
timated to be 747 million cubic meters from deposits 
under active development. This consists of 644 million 
cubic meters of reserves from surface-mineable 
projects and 103 million cubic meters from in situ 
schemes. 

Syncrude Hearing 

In the fall of 1993, the ERCB conducted a public hear-
ing into Syncrude Canada Lld.'s application to amend 
its commercial approval. The company requested the 
following. 

- An increase in synthetic crude oil production
from 10 to 12.6 million cubic meters per year 

- Permission to process crude bitumen from 
off-lease sources (e.g., from the Cold Lake 
area) 

- A 5-year extension to the lapse date for con-
struction of expansion facilities 

- An extended project expiration date of 2025 

- Approval of lease development and reclama-



tion plans, including fine tailings reclamation 

Despite a court challenge regarding ERCB's jurisdic-
tion over Syncrude and Syncrude's compliance with 
new environmental legislation, the hearing proceeded. 
The court's ruling will come down in 1994. 

A number of Native, local and provincial environmen-
tal groups intervened at the hearing to oppose further 
development based on a range of socioeconomic and 
environmental impacts. As an interim measure and 
with the concurrence of all hearing participants, 
Syncrude received approval in December 1993 to 
produce 11 million cubic meters of synthetic crude oil 
for the year. 

In addition, the Board allowed the company to process 
500,000 cubic meters of crude bitumen from off-lease 
sources. A decision report was expected in early 1994. 
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New Technologies 

In September 1993, Suncor Inc. received ERCB ap-
proval to alter how it mines oil sands. The previous 
bucketwheel excavator and face conveyor mining was 
converted to a truck-and-shovel system. The change 
will result in increased reliability of oil sands and 
bitumen supply, reduced costs for bitumen production 
and a flexible mining system. 

During the fall, production at the Suncor plant was in-
terrupted for 3 weeks because of two fires. The com-
pany also announced plans to retrofit its existing 
powerplant with emissions reduction technology to sig-
nificantly reduce sulfur dioxide emissions. 

Occidental Petroleum Ltd. completed initial testing for 
a new oil sands mining technology known as sand rejec-
tion. The method could lower costs for mining and 
bitumen extraction. 

Bitmin also field-piloted a water-based'bitumen extrac-
tion technology. The approach requires low energy in-
put to produce a bitumen product. The process has 
the potential for dry tailings disposal, which could 
mean significantly reduced environmental impacts. 
Further work is planned for 1994. 

Cold Lake 

During the first quarter of 1993, production com- 
menced from Imperial Oil Resources Ltd?s Phases 7 
and 8 at Cold Lake. Imperial announced early in 1994 
that plans for Phases 9 and 10 have been delayed. 

In June 1993, Imperial also gained approval to drill 
eight horizontal wells under two pads at the Cold Lake 
production project to test steam-assisted gravity 
drainage. 

Amoco Canada applied to the ERCB in July 1993 for 
approval to make major changes to its 20-section Prim-
rose commercial project. If approved, as many as 
380 horizontal wells would be drilled from 95 pads. 

Amoco requested a switch from cyclic steam stimula-
tion to a recovery technology known as cyclic drive 
drainage. The company also asked for an increased 
production rate from 4,000 to 7,900 cubic meters per 
day. A hearing was scheduled for the spring of 1994.

Koch Exploration Canada, Ltd. received approval in 
September 1993 for a primary recovery project in the 
Cold Lake area. The project will be developed in four 
phases, each designed to recover 1,625 cubic meters 
per day of bitumen. The development scenario in-
volves drilling and producing 2,000 wells on 16-hectare 
spacing over 25 years. 

Primary Production and Horizontal Wells 

Because bitumen does not normally flow to the sur-
face, a variety of stimulation methods such as steam in-
jection are used to assist production. In recent years, 
this approach has been augmented with primary 
production methods. These involve special pumps on 
vertical and horizontal wells and working with natural 
underground pressures to increase bitumen produc-
tion. In the Frog Lake and Elk Point areas, primary 
production is now the main industry focus for in situ 
development. 

The trend toward the use of horizontal wells in con-
junction with thermal and primary production projects 
continued in 1993. More than half of the active oil 
sands projects now use horizontal wells in some 
fashion. The use of horizontal wells appears to offer 
benefits in terms of increased production and recovery 
levels compared to vertical wells. Because several 
horizontal wells can be drilled from one pad, they also 
tend to reduce surface disturbance. 

Water Issues 

Large amounts of water are required for in situ opera-
dons in the Cold Lake area. The industrial use of 
groundwater is a major issue for people living in the 
drought-stricken region. In response to these con-
cerns, the Regional Water Management Task Force 
was formed in August 1992. Its mandate was to assist 
Alberta Environmental Protection to update the Cold 
Lake-Beaver River Water Management Plan. 

In November 1993, the task force released its recom-
mendations. The most significant called for the 
development of a pipeline to the North Saskatchewan 
River to supply water for industrial use in the Cold 
Lake area. The government is expected to consider 
the recommendations in 1994. 
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TECHNOLOGY 

ROSE ASPHALTENES FROM UPGRADING 
BITUMEN CAN PROVIDE GASIFICATION 
FEEDSTOCK 

A need for cleaner transportation fuels and a reduc-
tion in the use of high-sulfur fuel oil have evolved over 
the years due to strict environmental regulations 
coupled with worldwide environmental awareness by 
both energy producers and users. This shift in demand 
was aggravated by crude oil becoming heavier and 
higher in sulfur content. In order to counter-balance 
this shift, appropriate upgrading of crude and bottom-
of-the-barrel conversion are becoming a necessity of 
the refining industry. One of the cost-effective ways to 
accomplish the bottom-of-the-barrel conversion is to 
utilize Kerr-McGee's Residuum Oil Supercritical Ex-
traction (ROSE) technology. 

S. Poddar, et al., of Bechtel Corporation and Kerr-
McGee Corporation, considered the ROSE process in 
a paper presented at the 1994 National Petroleum 
Refiners Association Annual Meeting, held in San An-
tonio, Texas in March. 

Of particular interest here is the use of ROSE asphal-
tenes in Gasification Combined Cycle (GCC) 
powerplants. 

ROSE Process 

The ROSE process upgrades residue by separating the 
heavy fraction from the lighter fraction with a variety 
of solvents. A number of feedstocks may be processed 
through a ROSE unit: 

- Vacuum resid 
- Atmospheric resid 
- Tar sand and other heavy bitumens 

Deasphalted Oil (DAO) and asphaltene product 
streams are produced that have a variety of applica-
tions. The DAO may be sent to the fluid catalytic 
cracking unit, a hydrocracker, a hydrotreater, or to a 
lube oil blending plant, depending on the feedstock 
and the solvent used. The asphaltene stream can be 
used in a variety of applications. A general list of the 
applications includes using the asphaltenes for paving, 
industrial components, liquid fuel, solid fuel, refinery 
fuel or a conversion feedstock for gasification.

Figure 1 is a prdcess flow diagram of the ROSE 
process. The feed is mixed with 1 volume of solvent at 
elevated temperature and pressure and passed to the 
asphaltene separator. The remaining volumes of sol-
vent at elevated temperature and pressure are passed 
to the asphaltene separator below the feed inlet to 
provide a countercurrent extraction with the resid. 
Asphaltenes and a small amount of solvent are 
removed from the bottom. The asphaltenes are then 
heated and stripped of solvent. 

The solvent solution remaining in the asphaltene 
separator moves overhead through two heat ex-
changers, where the temperature is further increased. 
The solvent at this stage exists as a supercritical fluid 
in which the oil is virtually insoluble. The recovered 
solvent leaves the top of the DAO separator and ex-
changes heat with the solvent solution from the asphal-
tene separator. The solvent is cooled to a subcritical 
temperature and pumped back to the asphaltene 
separator, where it is mixed with the charge. DAO is 
withdrawn from the bottom of the DAO separator and 
stripped of solvent. The only solvent vaporized in the 
process is the small amount associated with the frac-
tions withdrawn from the separators, according to the 
authors. 

Asphaltenes for Gasification and Power Generation 

Poddar, et al., reported that asphaltenes as obtained 
from a deasphalting unit are attracting much attention 
as a viable source for power generation. Among 
various grades of asphaltenes available from solvent 
deasphalting units that could be used for power genera-
tion, ROSE asphaltenes make economic sense because 
the ROSE process allows a higher recovery of more-
valuable deasphalted oil and thereby a lower yield of 
the less-valuable asphaltenes. 

In general, ROSE asphaltenes can be gasified or 
burned in systems suitable for petroleum coke. Conse-
quently, a number of options are available to utilize 
ROSE asphaltenes, a relatively higher-sulfur and a 
metal-bearing feedstock, for power generation. These 
options include pulverized fuel boilers, Circulating 
Fluidized-Bed (CFB) boilers and 6CC powerplants. 

Gasification converts asphaltenes to a dean fuel gas 
that, upon firing in a gas turbine, produces minimal 
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FIGURE 1
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SO,, NO,, particulate, volatile organic compound and 
CO emissions. For high-metal and high-sulfur content 
ROSE asphaltenes, 0CC powerplants are attractive 
from an environmental perspective. 

Because asphaltenes can be handled as a solid or an 
emulsion, gasification plants designed for solid fuel, 
heavy fuel or Orimulsion can easily be adapted for as-
phaltenes. Recent tests have shown that asphaltenes 
can also be fed as solids to a CFB boiler for steam and 
power generation. 

The pricing of asphaltenes when available for power 
generation is somewhat unpredictable. Assuming as-
phaltenes are priced similar to petroleum coke, the 
resulting power cost is expected to be similar to previ-
ous projections. Using Orimulsion in place of solid 
fuels, such as coke or coal, is expected to reduce capi-
tal cost for large (250+ megawatt) power generation 
facilities by $100 to $300 per kilowatt. Using molten 
asphaltenes is expected to show a similar cost ad-
vantage, which would reduce the resulting levelized 
cost of electricity by between $0.002 to $0.006 per 
kilowatt-hour. This, combined with on-site destruction 
of asphalt, encapsulation and vitrification of metals for 
disposal or sale, and minimum environmental impact

from air and water effluents, could make 0CC technol-
ogy attractive. 

A 30,000-barrel per thy ROSE unit processing light 
Arabian vacuum resid will produce approximately 
5,000 barrels per day or 340,000 tons per year of as-
phalt. This can be used to generate approximately 
70 million standard cubic feet per day of hydrogen for 
the refinery or 165 megawatts in a GCC powerplant. 

A 30,000-barrel per day ROSE unit processing heavier 
feeds similar to Arabian heavy vacuum resid would 
produce significantly more gasification feed. This ap-
proach is proposed for the ISAB project in Sicily. 
Here, a 30,000-barrel per day ROSE unit is used to 
maximize recovery of upgradable liquids and produce 
asphaltenes that will be fed to a Texaco gasifier produc-
ing fuel gas for a 500-megawatt 0CC powerplant. The 
estimated cost of this project is $800 million. 

Combining power generation with hydrogen produc-
tion could further enhance the economics of a 
gasification-based system. There is also a potential to 
produce other valuable byproducts such as methanol 
from synthesis gas. 
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It is expected that with advancements in turbine tech-
nology and other enhancements in gasification technol-
ogy, GCC technology will be more attractive than 
other conventional options. This is particularly true in 
view of environmental regulations. 

Summary 

The authors concluded that the ROSE process has 
several performance and economic advantages that 
make it attractive for upgrading the bottom-of-the-
barrel. The process advantage is primarily based on 
maximum economic recovery of upgradable DAO. 
Asphaltene byproduct has several potential uses, in-
cluding direct use in a CFB or GCC powerplant. CFB 
requires lower capital investment, whereas GCC has 
an environmental advantage over conventional 
powerplants. Using ROSE asphaltenes instead of coke 
is expected to reduce the cost of power generation and 
thereby make ROSE asphaltenes an attractive fuel. 

NEW COMBUSTION PROCESS UTILIZES 
HORIZONTAL WELLS AND GRAVITY DRAINAGE 

The Combustion Override Split-production 
Horizontal-well (COSH) process has been conceived 
to combine the high recovery potential of gravity 
drainage with the energy efficiency of combustion 
processes while minimizing problems associated with 
combustion operations. COSH should be less sensitive 
to oil composition and combustion kinetics, and it has 
minimal water supply and disposal requirements. The 
mechanisms for the COSH process have been iden-
tilled within the limitations of numerical simulation. A 
simulation study indicated that the COSH process has 
technical performance approaching that for the Steam-
Assisted Gravity Drainage (SAUD) process, and has 
much lower energy costs. 

The COSH process was discussed by K Kisman and 
E. Lau, of the Alberta Oil Sands Technology and 
Research Authority, in an article in The Journal gf 
Canadian Petroleum Technolov, March 1994. 

COSH Process 

The main features of the COSH process are described 
as follows (see Figure 1).

Gas containing oxygen is injected via rows of vertical 
injection wells. The gas may be air, oxygen, or 
recycled gas with oxygen added. The gas is generally 
injected in the upper part of the pay zone. Maintain-
ing continuous gas injection into the reservoir and cold 
water circulation within the wells will prevent combus-
tion damage. 

Remote gas production wells are used to collect the 
gases generated by the combustion process. These 
wells are completed near the top of the pay zone ini- 
tially. These wells may be far enough away that they 
will remain cool throughout the combustion process 
and the oxygen content in the produced gas would not 
be a major problem. If the wells are close enough to 
become hot, they could readily be protected with cir-
culating cold water without affecting oil production, 
which occurs in separate oil production wells. Al-
though the main function of these wells is to collect 
combustion gases, they may also be used to produce oil 
at times. 

A horizontal production well is placed near the base of 
the pay zone beneath each row of vertical gas-injection 
wells to collect hot liquids generated by the combus-
tion process at each injection well. 

If communication between the injection wells and the 
gas production wells is insufficient initially, gas can be 
injected into the injection wells to establish gas com-
munication with the gas production wells along the top 
of the pay zone prior to startup of combustion opera-
tions. If the reservoir has low mobility, steam injection 
may be required in the injection wells initially to estab-
lish communication with the horizontal production 
well. This may be assisted by completing the vertical 
well initially near the base of the formation for steam 
stimulation, then recompleting the well higher up for 
combustion operations. Steam injection may also be 
used to heat the reservoir around the injection well so 
that ignition will occur when oxygen is injected. 

During combustion operations, gas containing oxygen 
is injected into the vertical injection wells, most of the 
combustion gases are produced in the gas production 
wells, and oil and water are produced in the horizontal 
production well. A hot gas chamber is formed around 
each vertical well similar to the steam chamber in the 
SAGD process. Whereas in the SAGD steam cham-
ber the gas phase is primarily steam, the COSH hot 
gas chamber consists of steam, injected gas, and com-
bustion gases. In both processes, gravity drainage is 
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FIGURE 1 
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the principal mechanism for moving heated oil or 
bitumen to the horizontal production well. 

A potentially major factor in the COSH process is the 
possibility that oil may be upgraded in the vicinity of 
the combustion front, and this upgraded oil would be 
collected with little delay by the horizontal production 
well. In the COSH process, some of the cracked 
hydrocarbons are available to be consumed as fuel to 
help maintain high temperatures, and this, in turn, in-
creases the cracking reactions. The produced gas in 
the COSH process may contain useful light hydrocar-
bons if they can be separated economically. 

The COSH process is expected to have many opera-
tional advantages as follows. 

Because gas and liquid flow are segregated, for the 
most part, toward different production wells, this 
reduces problems related to oxygen breakthrough, be-
cause the gas production wells can be completed at the 
top of the pay zone, located farther from the injection 
wells and kept cool if necessary. It also reduces rela-
tive permeability and pumping operation problems 
that occur when one well produces oil, water, and high 
rates of gas.

Because the region between the combustion front and 
the oil production well is short and hot, there are no 
problems driving oil long distances and maintaining oil 
mobility ahead of the combustion front as required for 
standard combustion processes. It should be easier 
with the COSH process to maintain a stable combus-
tion front. 

The horizontal oil production well is readily protected 
from combustion damage by limiting its gas production 
rate, which can be easily controlled. Gravity segrega-
tion of fluids in the reservoir makes it difficult for 
oxygen to reach the horizontal well, because gases en-
tering the horizontal well flow down through a hot liq-
uid head, where any oxygen content in the gas would 
be consumed. In principle, horizontal production wells 
at the base of the formation are less susceptible to com-
bustion damage than vertical production wells. 

A major benefit is that the COSH process requires 
little or no water injection. 

The COSH process has been targeted first toward 
heavy oil reservoirs which have initial oil mobility. Oil 
sands applications where the bitumen is initially immo-
bile may be limited to reservoirs with water sand or 
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gas zones at the top of the pay zone that provide 
mobility between the injection wells and gas produc-
tion wells. Such reservoirs are common in the 
Athabasca oil sands. 

The COSH process is applicable to medium oil reser- 
voirs, heavy oil reservoirs, and oil sand reservoirs 
where gas communication can be established between 
injection wells and gas production wells. Because of its 
low energy costs and the lack of heat losses in the injec-
tion wells, the COSH process can be applied in thinner 
and deeper reservoirs than possible with steam 
processes. The COSH process is also amenable to 
locations where water sources or water disposal are 
problematic. The low energy costs make the COSH 
process potentially applicable even to water-flooded 
reservoirs. 

Numerical Simulation Study 

A simulation study was conducted to verily the physical 
principles used in the COSH design and to evaluate 
the potential of COSH by comparing its performance 
to that of SAGD. 

A preliminary comparison by Kisman and Lau showed 
that COSH is less favorable in terms of oil recovery ef-
ficiency and daily oil production rate. However, the 
energy costs for combustion are much lower than 
those for steam injection. The fuel requirement for air 
compression at about 7,000 kPa has been estimated to 
be equivalent to only 23 to 39 percent of that required 
for steam generation to deliver the same quantity of 
heat to the reservoir. 

There are several ways to further enhance the perfor-
mance of the COSH process. For example, prelimi-
nary simulation studies show that COSH technical per-
formance can be enhanced by using wider well spac-
ings. The energy cost for COSH can be reduced sub-
stantially by operating at a lower pressure. Upgrading 
effects can increase technical performance as well as 
the value of the produced oil. 

TAR SAND BITUMEN MAKES NEW 
PRODUCT 

Road asphalt modified with polymeric material, includ-
ing rubber, has been accepted as a construction

material for several decades. Addition of reclaimed, 
ground rubber (such as from scrap tires) to asphalt 
cement came later and is reported to enhance 
properties such as ductility, durability and resistance to 
low-temperature cracking. 

The potential of Uinta Basin bitumens in the State of 
Utah for asphalt production has been recognized; par-
ticularly, the Asphalt Ridge bitumen was reported to 
have met the established physical and chemical 
specifications for a viscosity grade AC-20 asphalt. 

A new research program has been initiated to develop 
an appropriate method to produce rubberized tar sand 
bitumen as a feedstock for polymer-modified road con-
struction material and other asphaltic products. Such 
an approach should stimulate the development of 
United States tar sand resources, contribute to the 
utilization of scrap tires and provide the marketplace 
with new asphaltic products. 

This research is discussed in a paper by J. Hupka, et 
al., of the Technical University of Gdansk, Poland and 
the University of Utah. The paper was presented at 
the 1993 Eastern Oil Shale Symposium, held in Lexi-
ngton, Kentucky in November. 

Asphalt Potential of Tar Sand Bitumen 

Tar sand bitumens are believed to have similar 
geochemical origins and properties to those of conven-
tional petroleum. Therefore, one can expect that 
refined products derived from the bitumen will be in-
terchangeable with petroleum-derived products of the 
same boiling range. 

In a study aimed at evaluating the potential of tar sand 
bitumen for the production of asphalt, the >344°C frac-
tion was classified as .AC-10 asphalt. 

Production of Crumb Rubber 

Spent tires account for the largest portion of discarded 
scrap rubber materials. Vulcanized elastomers can be 
reduced in size to produce crumb rubber. Mechanical 
grinding was one of the first methods developed for 
recycling elastomers and is still widely used today. 
Wire and cord fibers are removed during mechanical 
grinding; however, none of the compounding in-
gredients contained in the scrap rubber are eliminated. 
Therefore, the physical properties of rubber 
(controlled by structural transformations) remain a!-
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most unchanged if grinding temperature does not 
exceed 70°C. 

Hot-water processing was used to obtain a bitumen 
concentrate from Asphalt Ridge tar sand in large-scale 
laboratory experiments. The crumb rubber was a com-
mercial product obtained from spent tires at a rubber 
reclamation plant in Bolechowo, near Poznan, Poland. 
A reactor was used to prepare a rubber-modified 
bitumen with a rubber content that varied from 5 to 
40 percent by weight. 

The resulting rubber-modified bitumen was analyzed 
to estimate the extent of the blending reaction that had 
occurred between the crumb rubber and the bitumen, 
and also to evaluate the degree of "devulcanization." 

Results 

The processing temperature and the access of air (i.e., 
oxygen) had the most distinct impact on the mechani-
cal properties of the product; however, no detailed, 
quantitative data were gathered in this study. Judging 
from the torque exerted on the stirrer, the consistency 
of the mixture was observed to have reached a maxi-
mum during the reaction and fell off in the later stages 
of reaction. 

Due to the differences in the experimental conditions 
such as bitumen composition, temperature and the 
ratio of the bitumen to crumb rubber, the maximum 
consistency of the reaction mixture was noted after 
20 minutes of processing at 240°C and dropped more 
rapidly afterwards. When the processing temperature 
exceeded 240°C, the rheological behavior of the reac-
tion mixture indicated increased structural breakdown 
of the polymer chains. However, the effect of residual 
submicron solids (predominantly clay particles) on the 
bitumen cracking cannot be ignored. 

In addition to distillation residue, two distillate frac-
tions were also submitted for the determination of sul-
fur content. As expected, with increasing distillation 
temperature, more sulfur-containing compounds were 
released from the rubberized bitumen. From the 
product-quality point of view, it is desirable to retain 
all of the sulfur in the asphaltic product, thus providing 
a sulfur-deficient fuel fraction. Sulfur is considered to 
have a positive influence on the properties of asphalt. 

Dissolution tests indicated that for each solvent, the in-
soluble portion of the rubber-modified asphalt product

was about 12 weight percent. Microscopic analysis 
revealed that particles present in the sediment were 
not larger than 1 to 2 microns. Compared to the ini-
tial particle size of the crumb rubber, the elastomer 
underwent dispersion/dissolution at a surprisingly high 
rate. The sedimented particles were suspected to be 
predominantly carbon black, used as filler in the 
manufacturing of tires. 

Spectra of the residual solids also indicate the effective-
ness of the blending reaction. Relatively intense bands 
for sulfur compounds indicate that the rubber not only 
disintegrated in the blending reaction, but also that the 
sulfur-containing compounds were not completely in-
tegrated into the bitumen matrix as effectively as were 
the non-sulfur moieties of the crumb rubber. 

Distinct from the method actually used to mix crumb 
rubber with asphalt (hot mix), the approach of Hupka, 
et al., involves the addition of crumb rubber prior to 
distillation of lighter components of the bitumen. Con-
sequently, coprocessing of tar sand bitumen with 
recycled rubber can be easily accomplished in the 
water-based bitumen separation from tar sand with 
only modest supplemental facilities for existing and/or 
planned operations. Thus the energy demand for 
product synthesis will be reduced significantly. 

Special characteristics of the tar sand bitumen (e.g., 
aromatic and resin contents) should stimulate rubber 
dispersion. After the dispersion of rubber in bitumen 
(due to partial destruction of crosslinkages and chain 
scission, often termed as rubber 
"devulcanization/depolymerization"), three distillation 
fractions can be obtained; viz., the added diluent, the 
fuel fraction and the asphaltic product. With respect 
to the road asphalt, extensive "depolymerization" of the 
added crumb rubber is not desirable; therefore, the 
proper conditions for the bitumen and rubber 
coprocessing have to be established in future research. 

The preliminary experiments have demonstrated that 
bitumen provides an appropriate environment for rub-
ber dispersion; i.e., breaking of the crosslinking bonds. 
However, partial elastomer "depolymerization" can be 
expected if the fuel fraction is collected at elevated tem-
perature (e.g., at 364°C). In addition to road asphalt, 
many other rubberized bitumen products can be 
produced.
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GASIFICATION BECOMING AN IMPORTANT 
ROUTE TO DISPOSE OF HEAVY AND RESIDUAL 
OILS

Hydrocracking has had a slower but significant growth, 
with several new technologies being tested at the com-
mercial scale. 

The continuing tightening of environmental regulations 
includes progressively higher-quality requirements for 
gasoline and diesel fuels. The technologies for achiev-
ing these ends are well defined. However, the cost of 
producing the hydrogen required is substantial. 

The regulations also continue to tighten on the sulfur 
in heavy fuel oils--particularly in Europe. The progres-
sively lower levels specified generally means that the 
volume of heavy fuel oil must be decreased sharply. 

Three approaches are evolving to aid the refiners to 
meet this goal: 

Advances in technology to convert residues--
particularly by hydrocracking 

Advances in hydrogen manufacturing tech-
nologies and in innovative marketing of mer-
chant hydrogen to provide cheaper hydrogen 

- Improvement in gasification technology 
together with deregulation of power genera-
tion to offer opportunities for refiners to con-
vert the heaviest liquids to electric power 

SEA Pacific, Inc. has recently completed an analysis of 
these aspects of residue conversion. A paper by 
B. Schulman, et al., highlights some of the major ac-
tivities worldwide to illustrate the variety of options 
being considered for substantial reduction in heavy 
fuel oil production. This paper was presented at the 
1994 National Petroleum Refiners Association Annual 
Meeting, held in San Antonio, Texas in March. 

Residue Conversion 

Following the sharp rise in crude prices in 1979-1980, 
refiners greatly expanded residue conversion capacity. 
Today, the total worldwide residue processing capacity 
is about 8.6 million barrels per day. 

A comparison of capacities of today with 10 years ago 
shows a 42 percent increase in thermal processing and 
hydrotreating capacities. This growth rate is equiv-
alent to 3.5 percent per year. 

Several projects and joint ventures based on delayed 
coking are in various stages of development.

Hydrogen Production 

There is currently a high level of activity in both 
recovering and making hydrogen to meet the growing 
needs for increased diesel hydroprocessing and upgrad-
ing residue conversion products--from either coking or 
hydrocracicing. This increased hydrogen demand has 
prompted gas merchants to increase their activities in 
supplying refiners hydrogen on contact. By using 
tightly designed plants, minimum offsites, and highly 
leveraged financing, a gas merchant can deliver 
hydrogen at a price well below that normally required 
by a refiner to make hydrogen itself. In addition, new 
technology developments have shown routes to reduce 
hydrogen costs, using both methane and residues as 
feedstocks. 

Several companies provide hydrogen, oxygen, and 
other gases via pipelines or across-the-fence sales. 
This activity is increasing, for example in the United 
States. 

Technical improvements in the H,S/CO removal tech- 
nology by various licensors, based on MbEA formula-
tions, have significantly reduced the cost of hydrogen 
by gasification of residues. Depending on price as-
sumptions for natural gas and residue, SFA Pacific es-
timates that hydrogen from gasification of residues can 
be cheaper than from steam methane reforming. 

Minimizing Heavy Fuel Oil and Coke Production 

Several processing combinations are being explored to 
allow a refiner to move to minimum heavy fuel oil and 
coke production by adding conversion steps to existing 
facilities. According to Schulman, et al., up to three 
steps may generally be used for this purpose. 

Coking can be used as a one-step method but produces 
a coke yield of 25 to 40 percent of the feed. Flexicok-
ing converts its coke yield to a low-BTU gas for 
refinery use, which limits this approach. 

Several process combinations have been used to 
reduce coke yields significantly. The general pattern 
has been to combine two or three processing steps, as 
shown in Figure 1. 
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FIGURE 1 

COMBINED PROCESSES TO MINIMIZE HEAVY FUEL OIL AND COKE 
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SOURCE: SCIJLMAN. ET AL

The primary conversion step is generally a "mild" con-
version process giving 50 to 70 percent conversion. 
Visbreaking and catalytic hydrodesulfurization are typi-
cally used. 

The final conversion step can be coking, an FCCU, or 
a gasifier (Texaco or Shell gasification technologies). 
With the latter two approaches, there is no yield of 
heavy ends. 

Recently, several licensors have focused on the use of 
Critical Solvent Deasphalting (CSD) as an inter-
mediate step to reject the asphaltenes from a 
processed residue and recover the deasphalted oil 
from further conversion to light fuels. Kerr-McGee, 
UOP, and the ASVAHL group (France) all license 
CSD technology. The concentrated asphaltenes can be 
fed to a colter or gasifier for final conversion to coke 
or gas. 

Several examples of these combined processes are 
shown in Figure 2. CSD is being considered by several 
European refiners as an *add-on" to existing 
visbreakers. When a CSD unit is added, the visbreaker 
severity can be increased significantly. The combined 
lower residue yield and elimination of the light-flux 
stock provides a major reduction in heavy fuel oil yield. 
Gasification of the asphaltenes--or even the visbreaker 
bottoms--can be a viable step for synthesis gas or 
hydrogen.

On-Site Power Generation 

On-site power generation is becoming attractive in 
Europe and the Far East. In these areas, restrictions 
on heavy-oil sulfur content already exist or will soon be 
imposed, and natural gas prices are generally above 
$4 per million BTU. 

Shell International has a project under construction to 
gasify high-sulfur visbreaker bottoms and steam 
cracker tars to make hydrogen, power and steam. The 
system would produce almost 170 million standard 
cubic feet per day hydrogen, were that the only 
product. Shell indicates it will use only 100 to 
110 million standard cubic feet per day hydrogen for its 
new vacuum gas oil hydrocracker. The balance of the 
syngas will be used to produce 115 megawatts of power 
and cogenerated steam for the refinery. 

The Sicilian refiner ISAB has proceeded with detailed 
engineering studies for a project to produce 
500 megawatts of power, together with some hydrogen 
and steam for refinery use. ISAB will use the ROSE 
process to treat its visbreaker bottoms. The asphal-
tenes (17,000 to 18,000 barrels per day) would go to 
Texaco gasifiers, and the synthesis gas would be 
treated to remove essentially all the sulfur. This 
project would eliminate all of the refinery's current 
heavy fuel oil production--40,000 to 45,000 barrels per 
day.
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FIGURE 2 

COMPANIES USING COMBINED PROCESSING 
TO MINIMIZE HEAVY FUEL OIL AND COKE YIELDS 
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Chevron Fixed Bed HDS	 - Delayed Coker 
Cooperative Upgrader Fixed Bed HDS	 - Delayed Coker 
Phillips Fixed Bed HDS	 - FCCU 
Valero Fixed Bed HDS	 - FCCU 
Idemitsu Kosan Fixed Bed HDS	 - FCCU 

Husky H-Oil	 - Delayed Coker 
Syncrude IC-Finer	 - Fluid Coker 
Amoco LC-Finer	 ROSE CSD Delayed Coker 

Texaco H-Oil	 - Gasifier 
Shell(The Netherlands? Visbrea}cer	 - Gasifier 
ISAB (Sicily)2 Visbreaker	 ROSE CSD Gasifier 
Neste Oy (Finland)2 Vlsbreaker	 ROSE CSD Gasifier 

1 Announced project In final design 
2 Detailed engineering studies 

SOURCE: SCHULMAN. ET AL

Additional refiners in Italy and Finland are carrying 
out studies of this gasification/power option. 

In the United States, this approach is not yet generally 
economic. However, as gas prices rise, or if extremely 
low-value liquids, such as asphaltenes, become avail-
able, gasification for power generation and hydrogen 
should be considered. This breakeven price assumes 
no cogeneration or hydrogen production. It can be 
reduced somewhat if there is an internal need for 
steam and especially hydrogen. 

STEAMFLOOD EVALUATED FOR TEXAS GULF 
COAST HEAVY OIL RESERVOIR 

In response to a need to increase United States oil 
production using known implemented oil recovery

technology, the National Institute for Petroleum and 
Energy Research (NITER) proposed that a study be 
undertaken to determine the potential for increasing 
heavy oil production from Texas Gulf Coast reservoirs 
using thermal techniques. 

The objectives of this study were to screen Texas Gulf 
Coast (Districts 1 through 4) heavy oil reservoirs using 
information from the NITER heavy oil database for 
priority ranking and to conduct reservoir studies to 
determine the applicability of thermal enhanced oil 
recovery techniques in selected reservoirs. The objec-
tives were extended to include evaluation of ap-
plicability of cyclic CO  stimulation and immiscible 
CO2 -water flood processes, when economics of 
steamflood processes were found to be not attractive. 

The results of the study were included in a report by 
A. Sarkar and P. Sarathi, entitled, "Thermal Processes 
for Heavy Oil Recovery" published in November. 
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Heavy oil reservoirs in the Texas Gulf Coast area were 
screened by using published screening guides and basic 
data obtained from the NIPER heavy oil database. 
Reservoir information, including well logs, core 
analysis reports, stimulation data, production data, and 
geological and engineering reports, were collected for 
prioritized reservoirs. Finally, a single reservoir was 
selected and characterized for detailed numerical 
simulation studies. Simulations were conducted using 
the Steam and Additive Reservoir Simulator developed 
by Computer Modeling Group, Canada, to simulate 
waterflood, cyclic steam stimulation, steamflood, cyclic 
CO2 stimulation, and immiscible CO2-waterflood 
processes. Simplified and detailed economic evalua-
tions were made to evaluate the gross economic 
feasibility of these processes. 

Analysis indicated that Taylor-ma and Colemena, 
among all the heavy oil fields in the Texas Gulf Coast 
area, possess the highest potentials for application of 
steam-injection processes. A limited amount of direct 
information, including core analyses and well logs, on 
Colemena indicated its potential is less than reported 
in the database. Taylor-ma was selected for detailed 
evaluation of recovery potential through use of numeri-
cal simulators because of the presence of a large oil-in-
place (155 million barrels) and the availability of infor-
mation about the reservoir. 

The Hutzler "C" lease, which is a cleaner and thicker 
part of the Olmos sand in the Taylor-Ina field, was 
characterized on the basis of information available 
from core analyses, well-log evaluations, characteristics 
of the fractured wells, production characteristics of the 
reservoir, and a recent engineering and geological 
evaluation report on the lease. A three-layer model 
was assumed and no areal heterogeneity was con-
sidered. The average values for thickness, porosity, oil 
saturation and permeability are 18 feet, 32 percent, 
55 percent and 53 millidarcy, respectively. 

A simplified fracture analysis of the typical well 
showed that fracture orientation was vertical and the 
productivity index ratio was 6.3. The length, width and 
permeability of the fracture were estimated to be 
312 feet, 0.2 inch and 2,000 Darcy respectively. The 
lateral and vertical continuities within the reservoir can-
not be inferred from primary production characteris-
tics of the field. The oil recovery (until February 1993) 
from the lease was about 2.3 percent.

A simulation of waterflood in a 9-acre pilot showed 
that the cumulative oil production and cumulative 
water injection at 5,000 days were 10 percent 
(21,147 barrels and 1.05 PV, respectively). The areal 
and vertical sweep efficiency were good, but the dis-
placement characteristics were poor because of an un-
favorable mobility ratio. A detailed economic evalua-
tion indicated that the operation would be economic. 

A simulation of cyclic steam stimulation showed that 
the cumulative oil production and Cumulative 
Oil/Steam Ratio (COSR) were 2,277 barrels and 038, 
respectively. The liquid expansion drive and increase 
in mobility of the oil seem to be the main oil recovery 
mechanisms, while the gravity drainage mechanism is 
unlikely to have any influence here. The characteris-
tics of low permeability and low thickness are the 
major reasons for poor reservoir performances. The 
cyclic steam stimulation may be used as a precursor for 
steamflood processes, but not as a process by itself for 
recovering a significant amount of oil in thin reservoirs 
such as Taylor-ma. 

A simulation of steamflood in a 2.23-acre pilot showed 
that the cumulative oil production and COSR at 
1,177 days were 54 percent (29,772 barrels) and 0.15, 
respectively. The steamfront progressed almost like a 
piston, with little gravity override because the thickness 
of the oil zone is small and the variation of per-
meabilities in the vertical direction is small. The 
characteristic of low permeability of the reservoir 
seems to have the most negative influence on the reser-
voir performance, causing ineffective reservoir heating 
where the mass and energy of injected steam is con-
sumed for raising the pressure and temperature of the 
reservoir to a much higher level without gaining much 
from the reduction in viscosity of oil. A simplified 
economic analysis indicated that the operating cost 
may be less than the selling price of oil, but the 
revenue generated may not be enough for meeting the 
high cost of thermal wells. 

The authors concluded that recovery of tertiary heavy 
oil through application of steam injection processes 
may be uneconomical in today's environment for thin 
and low-permeability reservoirs. They suggested that 
well-designed cyclic CO  stimulation should be field 
tested to recover additional oil economically. 
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AUTOMATIC SPEED CONTROL SYSTEM	 the oil settles out and can cause major downhole 
DEVELOPED FOR HEAVY OIL PRODUCTION 	 problems. 

Problems are inherent in the production of heavy oil 
that are not found in production of higher-gravity 
crude. 

Modern Production Services, Inc. (MPS), working 
closely with several oil companies (primarily Maraven 
Oil Company of Venezuela), has developed a com-
pletely automatic control system for conventional 
beam pumping units. The system varies the pumping 
rate within a stroke in such a manner as to optimize oil 
production. In addition, as well conditions change, the 
system changes pump rates to continue maximum 
production. 

This system is described in a paper by L. Best and 
J. Boone, presented at the Eleventh Annual Heavy Oil 
and Oil Sands Technical Symposium, held in Calgary, 
Alberta, Canada in March. 

Heavy Oil Production Problems 

Several major problems occur in producing heavy oil 
utilizing cyclic steam injection to heat the formation. 
One is the phenomenon known as "rod float." As a 
pump jack is normally a single-speed device, the car-
rier bar travels up and down at the same speed. If the 
oil becomes too cool, the carrier bar travels down 
faster than the rods can fall and separation occurs be-
tween the carrier bar and polished rod clamp. As the 
carrier bar starts up, the polished rod is still going 
down and a violent impact results. This impact, or 
"banging," causes major damage on surface and 
downhole equipment, as well as resulting in lower 
production. 

Another problem occurs when a well is producing and 
the oil in the production flow lines becomes cool. As 
the pump starts up, the back pressure from the thick 
oil in the flow line becomes excessive and overloads 
the components of the pumping system. This can 
result in rod failure or pump failure and shortens the 
life of the gearbox and pumping unit. 

Still another problem is "pump down," which occurs 
when the outflow of a well exceeds the inflow from the 
formation. Traditionally, sensors of some nature 
detect this condition and shut the well down for a 
period of time. However, heavy oil is often found in 
loose formations that produce high volumes of sand. If 
the pumping unit is shut down, the sand suspended in

Automatic Speed Control Concept. 

With the problems above in mind, it appears obvious 
that the best way to produce any well is to pump at as 
high a rate as possible without banging or pumping 
down. This led MPS to the conclusion that variable 
speed is desirable or even necessary to produce a well 
efficiently. 

After evaluating numerous methods of varying speed, 
MPS had the best results with a shaft-mounted eddy-
current drive, controlled by an ACCU-DRIVE 4140 
microprocessor-based P11) control system. 

This drive mounts on the shaft of the motor driving the 
pumping unit and, while the motor continues to run at 
base speed, the output speed of the self-contained belt 
drive can vary widely. Also, while the drive size varies 
as horsepower increases, the control is the same for all 
sizes. 

The ACCU-DRIVE 4140 control system consists of a 
load cell to measure polished rod load, a clinometer to 
indicate walking beam orientation, a current trans-
former to indicate motor load, and a pulse pickup to 
indicate speed. 

All of the above sensors are monitored by the 
ACCU-DRIVE 4140 microprocessor-based control on 
a continuing basis and automatic adjustments are 
made on every pumping cycle based on events during 
the previous cycle. 

Referring to Figure 1, the controller accelerates the 
variable-speed drive from Point A through Point B 
(upstroke) toward maximum speed at as high a rate as 
possible without exceeding the allowable polished rod 
load or overloading the prime mover. From B to D is 
a period of deceleration to go from the maximum 
upstroke speed to the downstroke speed required to 
maintain a minimum polished rod load. The beginning 
Point B of this deceleration is determined by analyzing 
the minimum load present during the overrun window 
C - D on the previous cycle. The downstroke speed 
from Point D to Point A is determined by the ND con-
troller and is continuously adjusted to maintain the 
lightest possible polished rod load without separation. 

A primary recovery well in Canada showed dramatic 
results when an ACCU-DRIVE system was installed. 
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FIGURE 1

PUMPING CYCLE WITH ACCUDRIVE 4140 CONTROL SYSTEM 
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SOURCE: BEST AND BOGIE 

This well utilized a 20-horsepower gas engine to power 
a 114 pumping unit. Before installation of the 
variable-speed drive, the stroke was set at 34 inches 
with a 30-inch effective stroke at 15 Strokes Per 
Minute (SPM). After installation of the ACCU-
DRIVE control system and a variable-speed drive, the 
stroke was increased to 54 inches at a maximum rate 
of 3 SPM. Production increased from 8 cubic meters 
to 21 cubic meters, or a 162.5 percent increase. 

Other wells have showed good results with the system 
as well. 

Should a well pump down, the ACCU-DRIVE would 
slow the maximum rate to whatever extent is required 
to maintain a constant fluid level that ensures com-
plete filling of the pump. Also, should the fluid in the 
flow line cool for some reason, the drive would slow 
the pump upstroke to such an extent as to not overload 
the motor or polished rod.

All of the parameters can easily be set by a self-
contained key pad and read on a liquid crystal diode 
display. Once the parameters are entered into the 
ACCU-DRIVE 4140 control, all adjustments are 
automatic and no operator is required. The control 
and peripheral equipment have been approved by CSA 
for operation in hazardous locations. 

In general, the return on investment in an ACCU-
DRIVE 4140 system would vary for individual wells 
due to oil prices, available fluid, drive size, sand 
production, water cut, etc. Best and Boone report that 
paybacks as soon as 1 month have been experienced. 

Beam pumping units have been applied in thousands 
of heavy oil wells, and the only detriment is having to 
slow the unit to avoid separation due to rod float. On 
existing wells, the addition of the ACCU-DRIVE sys-
tem on a pumping unit with a 30-horsepower motor al-
lows maximum production at about half the initial cost 
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of converting to screw pump operation, and the exces-
sive maintenance costs of screw pumps can be avoided. 

SAGD PROCESS FOUND TO BE APPLICABLE TO 
WIDE AREA IN McMURRAY/WABISKAW 
DEPOSIT 

The Underground Test Facility (UTF) project was in-
itiated and operated by the Alberta Oil Sands Technol-
ogy and Research Authority (AOSTRA) in the 
Athabasca oil sands area near Fort McMurray, Al-
berta, Canada. This project has shown notable success 
in introducing Steam-Assisted Gravity Drainage 
(SAGD) recovery technology to exploit oil sands reser-
voirs. Though still in the precommercial stage, SAGD 
appears to have a great potential for widespread com-
mercial application. General areas within the Lower 
Cretaceous McMurray/Wabiskaw deposit, where 
SAGD recovery technology looks economically promis-
ing, were delineated in a paper by B. Anderson, et al., 
of AOSTRA and the Alberta Geological Survey, 
presented at the Eleventh Annual Heavy Oil and Oil 
Sands Technical Symposium, held in Calgary, Alberta, 
Canada in March. 

UTF Pilot 

The UTF project is located 60 kilometers northwest of 
Fort McMurray on a 20,000-hectare lease near the 
Syncrude and Suncor commercial surface mining 
operations. At the UTF site, the McMurray Forma-
tion is too deep for surface mining operations. 

The current precommercial phase (Phase B) of the 
UTF project utilizes three horizontal well pairs (El, 
B2 and B3), with the steam injection well about 
5 meters above the producer. The wells in each pair 
are spaced about 70 meters apart. The horizontal sec-
tion of each well extends about 500 meters through the 
oil sands interval near the base of the pay. The wells 
are drilled from tunnels in the limestone beneath the 
oil sands. 

SAGD Process 

The recovery process being tested at the UTF is a 
gravity drainage process whereby steam rises through 
the oil sands from the injection well and mobilizes the 
bitumen, allowing it to drain into the production well.

This results in the development and growth of a steam 
chamber around the injection well. The steam cham-
ber grows as steam condenses at the interface between 
the chamber and the oil sands and drains with the 
bitumen to the production well. As bitumen is 
removed, steam advances into the newly depleted part 
of the reservoir and the steam chamber grows verti-
cally and laterally. (See the FAu Synthetic Fuels 
R22 "r March 1994, page 3-13, for a discussion of 
SAGD.) 

SAGD technology is proving to be economically 
feasible with shaft and tunnel access at the UTF site. 
Promising applications of the SAGD recovery process, 
utilizing horizontal well pairs drilled from the surface, 
are currently being tested. 

Anderson, et al., applied geological criteria consistent 
with the SAGD recovery process at the UTF site to the 
McMurray/Wabiskaw deposit. The Alberta Geologi-
cal Surveys recently completed Athabasca Oil Sands 
Database was used to obtain rigorous, reproducible 
net pay thickness maps and bitumen in-place calcula-
tions. Using the database, one is able to search well 
log and core data based on specified criteria, including 
overburden thickness, net pay thickness, bitumen mass 
percent, and thickness of interbedded shales. 

The evaluation focused on the oil sands resources in an 
area encompassing 922 townships over 33,192 square 
miles. Bitumen in-place within the target horizons is 
approximately 140x109 cubic meters (900 billion 
barrels). 

Geological well data from the study area have been in-
corporated into a database compiled by the Alberta 
Geological Survey. The well data comprise geophysi- 
cal well log and stratigraphic data and represent the 
best available information from 2,193 wells 
(approximately 4 wells per township) in the Athabasca 
oil sands area. 

Statistical manipulation of these regional data can be 
used to produce the desired net pay thickness maps. It 
must be emphasized, however, that these results are 
regional in scope, showing trends but not replacing 
detailed site-specific geological work. 

Geological screening criteria were established that are 
consistent with the SAGD recovery process at the 
UTF site. Screening criteria included the following: 

- At least 30 meters of overburden 
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- Net pay defined as a "continuous" section con-
taining 6 mass percent bitumen or greater, 
and 10 mass percent bitumen or greater 

- Less than 2 continuous meters of shale (sandy 
shale is interpreted as shale) are allowed 
within a "continuous" net pay section 

- Water sand (water sands defined as less than 
3 mass percent bitumen) are allowed within a 
"continuous" net pay section 

- Lean bitumen sections (defined as 3 to 6 mass 
percent bitumen) are allowed within a 
"continuous" net pay section 

SAGD performance from the Phase A and Phase B 
pilots indicates that shale barriers 2 meters or less in 
thickness may delay communication initially, but rising 
steam will circumvent or break through these sections. 
Hot bitumen would drain along a reciprocal path. 

Results 

Based on the geological criteria outlined previously, 
maps showing contours of net pay thickness were gen-
erated for cutoffs of 6 mass percent bitumen and 
10 mass percent bitumen (Figures 1 and 2, pages 3-26 
and 3-27). 

These maps show areas where the selected criteria are 
met. The contours are plotted in 5-meter increments. 
The gray shaded areas show where there are at least 
15 meters of net pay that meet the criteria. Here 
SAGD recovery could be economically applicable. 

Two estimates of the bitumen in-place for portions of 
the McMurray/Wabiskaw deposit were calculated. 
The calculated volume of bitumen with greater than 
30 meters of overburden, greater than 15 meters of 
continuous pay and greater than 6 mass percent 
bitumen content is 56x109 cubic meters. Applying the 
10 mass percent cutoff, the calculated volume of 
bitumen is 38x169 cubic meters, according to the 
authors. 

Twenty-seven of the 2,193 wells had more than one net 
pay zone where each zone met or exceeded the 
criteria. These areas may be encountered in valley 
areas where stacked channel successions occur. These 
wells were noted, but multiple zones are not included 
in the net pay maps or in the calculation of bitumen in-
place. Both bitumen in-place estimates should be con-

sidered conservative, because only one zone per well 
was used in the calculation and lower-grade reserves 
were excluded. Multiple pay zones and lower-grade 
reserves would be recovered during the course of 
SAGD operations. 

The study showed more than 100 townships where 
SAGD recovery technology could be applied. 

The well control and the geological screening criteria 
used may not have included all of the areas where 
SAGD recovery could be economically viable. The net 
pay maps and bitumen in-place numbers should be 
regarded as conservative estimates of the 
McMurray/Wabiskaw deposit resource base. 

WATER TREATMENT ONIONS GIVEN FOR USE 
OF DEEP AQUIFERS TO GENERATE STEAM 

Steam production for Enhanced Oil Recovery (EOR) 
projects requires a water source that is both plentiful 
and suitable for treatment with conventional water sof-
tening systems. 

In the past, most source water has been supplied from 
surface water (lakes and rivers) and shallow aquifers. 
Both water sources are relatively well suited for treat-
ment, with the exception of high seasonal turbidities in 
surface water and occasional aquifer high iron levels. 
Both of these undesirable characteristics are effectively 
treated by using a combination of chemical and 
mechanical means. 

Within the last several years, steam stimulation ac-
tivities in areas with limited surface and shallow 
aquifer water supply have forced the Canadian oil 
sands industry to consider withdrawal from deep 
aquifers. 

In the Cactus Lake area of West Central Sas-
katchewan, the Ribstone Member of the Belly River 
Formation is a prolific aquifer. Water quality from 
this aquifer is generally considered poor due to the 
high total dissolved solids content. 

Both Strong Acid Cation (SAC) and Weak Acid Cat-
ion (WAC) water systems softening were discussed in 
a paper by S. Kroll and S. Crevolin, of Betz Inc. and 
Petro Therm Enterprises, at the Eleventh Annual 
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FIGURE 1 

SAGD APPLICABILITY. ATHABASCA OIL SANDS AREA 
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FIGURE 2

SAGD APPLICABILITY, ATHABASCA OIL SANDS AREA 
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Heavy Oil and Oil Sands Technical Symposium, held 
in Calgary, Alberta, Canada in March. 

Dissolved gas removal and treatment to reduce 
microbial activity were also considered. The end use 
for treated water is the production of high-pressure 
steam in a forced-circulation once-through steam gen-
erator. 

Ion-Exchange Softening 

Water softening in conjunction with steam production 
for EOR production is intended to remove calcium 
and magnesium ions from the water. Iron removal can 
also be accomplished through filtering and ion ex-
change. 

SAC softening systems operating in the sodium cycle 
have been the accepted treatment system for once-
through steam generators. 

SAC or sodium zeolite softening relies on the ability of 
the resin to exchange ions with the influent water. 
Resins employed in this service are usually a gel form 
of the sulfonated polystyrene type with styrene-divinyl 
benzene levels of 10 to 12 percent. 

In this ion-exchange softening, divalent ions (calcium 
and magnesium) are removed through an exchange 
with the sodium ions of the cation exchanger. 

WAC softening systems also rely on the ability of the 
resin to selectively remove ions from the influent 
water. 

WAC resins of the macroreticular type with carboxylic 
functional groups (112COOH) operate in the sodium 
form. This resin type and service mode (acid and caus-
tic regeneration) remove divalent cations (Ca *2, 

Mg + 2 excluding Na) associated with water alkalinity. 

Also, the WAC resin's carboxylic functional group has 
a substantially greater selectivity for calcium and mag-
nesium ions as compared to sulfonated polystyrene 
(SAC) resins. 

Over the past 7 years, two types of water softening con-
figurations have been used on Ribstone Creek water 
for EOR pilot steam generation. 

The first softening system to draw from Ribstone 
Creek used SAC in the sodium form as the primary sof-

tener and a WAC in the sodium form as the polisher. 
The second, and most prevalent in terms of today's 
field operation, uses SAC in both the primary and 
polisher. 

A comparison of the performance of the SAC and 
WAC processes indicates that both systems are 
capable of producing water with <03 ppm total hard-
ness. 

A cost comparison for the two softening systems indi-
cates a slight cost disadvantage when using SAC soften-
ing in both the primary and polisher. 

The comparison included regenerant costs only and 
did not take into account higher capital costs for a 
WAC polisher or handling and disposal concerns for 
the acid and caustic. 

Feedwater Chemical Treatment 

To supplement the various external treatment 
processes (ion exchange) that are used to ensure 
proper quality feedwater, chemical treatment products 
are required in the generator feedwater to control 
problems of deposition and corrosion. 

Because no external treatment process is 100 percent 
effective, internal treatment chemicals serve as a final 
defense against unwanted impurities which slip 
through the external treatment system. In addition, 
the use of internal treatment chemicals provides a 
backup in case of upset or malfunction in the opera-
don of any of the external equipment. 

In the case of deep aquifer water sources, internal 
treatment (or chemical treatment) is separated into 
three primary functions. They are: 

- Conditioning of feedwater impurities 
- Dissolved gas removal 
- Microbiological treatment 

Chemical or internal treatment products are injected 
directly into the generator feedwater to ensure that 
feedwater contaminants are not deposited on genera-
tor tubes. 

Injection dosages depend on several factors, including: 

Feedwater contaminant levels 
Type of chemical treatment program 
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The current method of chemical injection monitoring 
and control relies extensively on both field and 
laboratory analysis and optimum regeneration ef-
ficiency of the softeners. 

Dissolved gas removal in deep aquifer water sources 
has in the past relied on chemical treatment alone. 

Dissolved gas can be identified as either dissolved 
oxygen or hydrogen sulfide. 

Typical well water dissolved oxygen levels are 
<1.0 ppm at the plant inlet. These low levels (as com-
pared to surface water, which can be as high as 
12.0 ppm) can usually be maintained throughout the 
external treatment system prior to chemical addition, 
though this ultimately relies on plant design and opera-
lion to minimize oxygen ingress. 

Typical areas where oxygen ingress occurs include 
storage tanks not using gas blankets and pump seals. 

Because of the low oxygen levels in the well water and 
the high capital cost requirements of mechanical 
(steam) deaeration, chemically removing the dissolved 
oxygen has been the standard method. 

Chemical internal treatment programs, specifically 
those using proprietary complexing agents, require 
feedwater oxygen levels <5.0 ppb to prevent dissolved 
oxygen from consuming the complexing agent. Attack 
of hot carbon steel surfaces will occur in the presence 
of trace levels of oxygen. This corrosion potential in 
terms of severity is directly related to complexing agent 
and dissolved oxygen levels in the feedwater. This 
treatment consideration is especially critical when feed-
water preheaters are used as a means of heat recovery. 

Oxygen scavenger catalyst levels will be deactivated by 
the same proprietary complexing agents, thereby poten-
tially lowering the reaction rates between the oxygen 
scavenger and feedwater dissolved oxygen. 

Chemically removing oxygen from the feedwater is typi-
cally performed with sodium sulfite in the powered or 
liquid form. 

Control or injection rates are ultimately determined by 
feedwater oxygen levels, with typical sulfite residuals 
(as SO) in the 5.0 to 15.0 ppm range. Higher 
residuals are often required, depending on plant 
operating conditions.

The occurrence of hydrogen sulfide in deep aquifer 
well water is not uncommon and depends on several 
factors, such as previous source well history, 
microbiological activity, etc. 

Removal of hydrogen sulfide can be accomplished in 
several ways, including aeration, pH adjustment and 
chlorination. The authors have relied on chlorination 
to completely remove any traces of hydrogen sulfide 
gas from the well water. 

Microbiological Treatment 

Experience to date with the treatment and control of 
microbiological activity in deep aquifer water sources 
has varied depending on the specific location of the 
source well. 

Of the two permanent facilities that have drawn on 
Ribstone Creek water, one plant has had to incor-
porate specific measures to deal with microbiological 
activity. 

Unlike surface waters, which generally have an abun-
dant level of nutrients for aerobic bacteria, fungi and 
algal growth, deep aquifer water sources are limited to 
the type of microbiological activity possible. 

Sulfate-reducing bacteria have been detected through 
bacterial counts and equipment inspections where iron 
sulfide deposits were localized. 

Sulfate-reducing bacteria are anaerobic and reduce sul-
fate, producing hydrogen sulfide and water. The 
hydrogen sulfide produced is toxic and corrosive, react-
ing with iron to form iron sulfide and hydrogen. 

Water showing sulfate-reducing bacterial activity is 
treated with the application of both oxidizing and non-
oxidizing biocides. Oxidizing biocide (chlorine) is typi-
cally injected at the plant inlet, with nonoxidizing 
biocide injection into specific locations (tanks, vessels) 
for maximum effectiveness. 

UNIVERSI1Y OF UTAH OIL SANDS RESEARCH 
PROGRAM UPDATED 

Progress in the Oil Sand Research and Development 
Program at the University of Utah was summarized by 
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A. Oblad, et al., in a paper presented at the Fuels Tech-
nology Contractors Review Meeting held at the United 
States Department of Energy Morgantown Energy 
Technology Center, Morgantown, West Virginia, in 
November. 

The following efforts were considered. 

Characterization of Utah Bitumens 

Characterization of the Asphalt Ridge bitumen was 
continued and that of the PR Spring and Circle Cliffs 
oil sands were undertaken during the 
1992-1993 contract period. Drum quantity samples of 
mined ore were obtained from the PR Spring oil sand 
deposit for process studies. The Sunnyside oil sand 
deposit was reconnoitered for sample acquisition 
during the 1993-1994 contract period. 

The Circle Cliffs oil sand bitumen and mineral matter 
have been characterized. The effect of mineral com-
position on bitumen recovery, and the quality of the 
bitumen product that can be expected from the 
modified hot-water process has been evaluated. The 
influence of chemical composition on bitumen viscosity 
has been examined with respect to an empirical 
relationship that has been established between the car-
boxylic add content and the viscosity of the bitumen. 

Aqueous Separation/Recovery 

The 1992/1993 oil sand research program for water-
based separation technology focused on the fundamen-
tal aspects of digestion/separation and on process en-
gineering as required for process scaleup and pilot 
plant installation. The investigations (with Uinta Basin 
bitumens) have demonstrated the importance of sur-
face and interfacial tension effects as well as colloid 
chemistry effects during modified hot-water process-
ing. Based on the results from process development 
work and fundamental studies, it is evident that the 
modified hot-water process is now ready for pilot plant 
operation. 

Thermal Extraction 

A mathematical model of a thermally coupled 
fluidized-bed oil sands extraction process has been 
developed. The model incorporates hydrodynamic con-
siderations, mass transport phenomena and reaction 
kinetics. A relationship for the superficial gas velocity 
has been developed to account for the pressure

gradient through the bed as well as volumetric changes 
due to chemical reaction. 

A pyrolysis reaction scheme has been proposed to pre-
dict total bitumen conversion, coke production, light 
gas production, oil yield and oil density. Raw bitumen 
is characterized by the fraction of "heavy bitumen" that 
has a boiling point greater than 823 K and may be re-
lated to the fraction of asphaltenes present in the 
bitumen. The model predicts bitumen yields in 
general accord with trends observed experimentally. 
Maximum oil yields were observed at pyrolysis tem-
peratures of approximately 733 K Oil yield increases 
monotonically with average sand residence time at low 
temperatures, but at higher temperatures, first in-
creases, and then decreases with residence time. 

Fluidized-Bed Pyrolysis 

A 15.2-centimeter diameter fluidized-bed reactor was 
designed, built, and operated to study the pyrolysis of 
oil sands at pressures slightly less than ambient. 
Fluidizing gas flow through the reactor was caused by 
reducing the pressure above the bed with a gas pump 
operating in the vacuum mode. The thermal energy 
for pyrolysis was supplied by a propane burner. The 
hot combustion gases from the burner, regulated to 
avoid excess oxygen, were used to fluidize the spent 
sand inventory in the oil sands pyrolysis reactor. 

Operating the reactor at reduced pressure and pulling 
the combustion gases through the reactor significantly 
improved the quality of fluidization; thus equivalent liq-
uid yields were obtained at lower temperatures than 
previously reported. At 723 K, over 80 weight percent 
of the bitumen fed was recovered as a liquid product 
and the spent sand contained less than 1 weight per- 
cent coke. Maximum liquid product yields were ob-
tained at a pyrolysis temperature of 748 K. There was 
no evidence to suggest that U/Umf exerted an in- 
fluence on product yields for the ratios investigated. In 
contrast to previous observations, residence times from 
29 to 70 minutes were found to give similar yields and 
product distributions. 

Rotary Kiln Pyrolysis 

Continuous, reproducible solids feeding has been a 
problem associated with oil sands surface mining-
recovery process development studies. Commercial 
Acrison bin-discharge feeders were tested for oil sand 
feeding in rotary kiln and fluidized-bed pyrolysis reac-
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tots and for spent sands in a combustion reactor. 
Feeder calibration experiments were conducted using 
spent sands, oil sands and mixtures of fresh and spent 
sands. Three types of feeders, nine different-sized 
augers, and three different auger types were tested. 
Experimental data included average feed rates and 
cumulative weight delivered from the feeder. The fac- 
tots that were determined to affect oil sands feeding 
were: 

- Bitumen content of the oil sand 

- Moisture content of the oil sand 

- Temperature rise in the auger and auger hous-
ings during the operation of the feeder 

- Auger rotation speed, which was controlled by 
a motor speed controller 

- Level of oil sand in the feeder hopper 

- Auger size and type 

- Ratio of spent sand to oil sand in the feed mix-
ture 

Effect of shear in the auger housing 

A larger-size auger running at low speed with a water-
jacketed auger housing gave the best feeding perfor-
mance. 

Combustion of Carbonaceous Residues 

Based on the theory and practice of circulating 
fluidized-bed combustors, a laboratory-scale dense-
phase transport reactor has been designed and con-
structed for the study of the combustion of car-
bonaceous residues on spent or coked sand. 
Hydrodynamic and combustion experiments have been 
conducted with the reactor. Both Type I and Type II 
curves were observed for the multisized coked sand 
under both fluidization and defluidization conditions. 
Fluidization and defluidization experiments gave a min-
imum fluidization velocity of 1.7 centimeters per 
second, which is close to the predicted minimum 
fluidization velocity of 1.5 centimeters per second. Par-
ticle residence time distribution experiments indicated 
that the fine particles tend to bypass the bed, especially

at higher superficial gas velocities, which negatively 
impacts the combustion efficiency. 

The combustion efficiency was 54 percçnt at an equiv-
alence ratio of 0.56 in the initial combustion experi-
ment, which indicated that longer combustion 
residence times in the combustion zone were required. 

Supercritical fluid Extraction 

Supercritical fluid extraction of bitumen from the PR 
Spring oil sand deposit (Utah) was studied using com-
mercial propane as the solvent. The bitumen volatility 
was 363 weight percent, and its asphaltene content 
was 193 weight percent. Experiments were performed 
at five different operating conditions, which included 
three pressures (5.6, 10.4 and 17.2 MPa) and three tem-
peratures (339, 380 and 422 K). 

The extracted phase yield increased as the extraction 
pressure increased at constant temperature. This ef-
fect was directly related to the increase in the pure sol-
vent density with pressure. Oblad, et al., also observed 
that at higher extraction pressures, relatively heavier 
hydrocarbons were extracted. The asphaltene content 
of the residual fraction was higher than the asphaltene 
content of the bitumen, even on an absolute weight 
basis. 

Catalytic Upgrading Over an 11DM Catalyst 

A Uinta Basin bitumen was hydrotreated over a 
fided commercial, Ni-Mo on alumina hydrodemetalla-
tion (HUM) catalyst. The catalyst was on-stream con-
tinuously for over 1,000 hours. 	 The extent of 
heteroatom removal, residuum conversion and 
molecular weight reduction were investigated as a func-
tion of process variables. The fixed-bed reactor was 
operated in the upflow mode to ensure complete wet-
ting of the catalyst and to maintain isothermal opera-
tion. The primary process variables studied were reac-
tor temperature (620 to 685 K), weight hourly space 
velocity (0.24 to 1.38 hou(') and total reactor pressure 
(113 to 16.7 MPa). The hydrogen to oil ratio was 
fixed in all experiments at 890 cubic meters per cubic 
meters (=5,000 standard cubic feet H. per barrel). 
The catalyst deactivation rate was 0.18°C per day 
during bitumen hydroprocessing. 

The effect of process variables on the extent of 
denitrogenation, desulfurization, demetallation, 
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residuum (>811 K) conversion and the product dis-
tribution and yields were determined. 

Catalytic Upgrading: 11DM versus HDN Catalysts 

The bitumen was also hydrotreated over a commercial 
hydrodenitrogenation (HDN) catalyst under varying 
conditions to determine the effect of catalyst on 
heteroatom conversion and molecular weight reduc-
tion. The process variables investigated included total 
reactor pressure (1,600 to 2,450 psi); reactor tempera-
ture (650 to 820°F), feed rate (0.29 to 1.38 houf1 
space velocity) and the catalysts employed. 

The HDN catalyst was more active for nitrogen, sulfur 
and residuum conversion than the HDM catalyst. 
Literature values for residuum conversion activation 
energies suggested that residuum conversion was ther-
mal. However, residuum conversion was determined 
to be sensitive to the surface area and metal loading of 
the catalyst employed during hydroprocessing, indicat-
ing that a portion of residuum conversion during 
hydrotreating was catalytic. 

HORIZONTAL WELL STEAMDRIVE IN 
ARKANSAS HEAVY OIL RESERVOIR PREDICTED 
TO COST $15 PER BARREL 

The objectives of a study by the National Institute for 
Petroleum and Energy Research (NIPER) were to as-
sess the steamflood potential of heavy oil reservoirs in 
Arkansas and make specific recommendations as to 
the viability of the process in these reservoirs. 

The results of this work, performed for the United 
States Department of Energy, were published in a 
report by A. Sarkar and P. Sarathi, entitled, "Feasibility 
of Steam Injection Process in a Thin, Low-
Permeability Heavy Oil Reservoir of Arkansas--A 
Numerical Simulation Study," in December. 

The methodology used to achieve the stated objectives 
was as follows: 

- Screen the heavy oil-bearing reservoirs of 
Arkansas for their suitability for steam injec-
tion application.

Compile and evaluate geological, fluid and 
reservoir information for a candidate reser-
voir. 

Conduct detailed simulation studies to deter-
mine the applicability of steam injection in the 
selected reservoir. 

Evaluate the technical and economical 
viability of steam injection in the targeted 
reservoir. 

A marginal heavy oil reservoir in the Nacatoch Forma-
lion of Arkansas was selected for study. This is a shal-
low, thin, low-permeability reservoir with low initial oil 
saturation and is underlaid by water sand. 

Due to the thin pay zone (23 feet net), low per-
meability (approximately 186 millidarcy) and higher ini-
tial water saturation (56 percent), cyclic steaming is 
not effective in this reservoir. However, stimulation is 
necessary to improve steam injectivity during subse-
quent steamdrive. 

Steamdrive simulation studies indicated that because 
of the thin pay zone and high water saturation, the 
steamfront progressed almost piston-like with little 
gravity override. The in situ water, by virtue of its 
higher heat capacity and thermal conductivity, ab-
sorbed much of the injected heat, which resulted in low 
heat losses to the overburden. During the early stages 
of steamdrive, the bulk of the injected heat was ex-
pended in converting the in situ water to steam. This 
resulted in a large steam zone volume that progressed 
in an almost piston-like fashion and displaced oil 
toward the producer. 

The residual oil saturation in the steam-invaded zone 
was less than 8 percent. However, not all of the dis-
placed oil was produced. Due to vertical communica-
tion between the water-saturated bottom layer and the 
oil layer, approximately 20 percent of the displaced oil 
was drained into the water sand and was not produced. 
When the water sand was sealed off, almost all of the 
displaced oil was produced. 

No detailed economic study was performed. However, 
an informal economic calculation indicated that at an 
oil price of less than $23.00 per barrel, steamdrive 
using vertical wells will not be economical in this reser-
voir. Oil recovery and oil/steam ratio increased sig-
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nificantly with the horizontal-well steam-injection tech-
nique, suggesting that the economics may be more 
favorable with horizontal wells. 

For the pattern area studied, conventional steamdrive 
using vertical injectors and producers recovered 
66,336 barrels of oil (53 percent of Oil Initially In 
Place, OIIP) at an estimated cost of $23.47 per barrel. 
For the same area, the NIPER study indicated that the 
use of horizontal injectors and horizontal producers 
recovered 84,870 barrels of oil (68 percent of OIIP) at 
an estimated cost of $1533 per barrel. This reduction 
in the production cost is due to the improvement in the 
cumulative oil/steam ratio from 0.12 (for vertical 
wells) to 0.21 for horizontal configuratiohs. 

Recommendations 

The description of the reservoir needs to be improved, 
according to Sarkar and Sarathi. Wells may be drilled 
on the top of the formation, according to the new struc-
ture and isopach maps prepared in this work. All 
three sections of the Nacatoch Formation may be 
cored and analyzed. It will be important to know the

vertical and horizontal permeabilities of the bottom 
section (underlying water layer). A suite of logs, in-
eluding SP, gamma ray, porosity and resistivity, should 
be run in a single well for proper core-log calibration. 
Well tests should be conducted for evaluating the skin 
factor of the wells, and the pressure and permeability 
of the reservoir. 

Fracturing, if necessary, should be carried out with 
higher proppant concentration to obtain any significant 
improvement in productivity index ratio. Tests should 
be carried out to determine height, length, and conduc- 
tivity of the fracture. It will be important to know if 
the vertical growth of the fracture can be limited to the 
middle section only. 

Because this study indicates that steamflooding using 
horizontal wells has good potential, an in-depth study 
using improved reservoir data and appropriate 
economic data should be conducted before any 
steamflood project is implemented. 

EXIM 
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INTERNATIONAL 

ELECTROMAGNETIC WAVES REPORTED TO 
INCREASE HEAVY OIL PRODUCTION IN 
VENEZUELA 

A combination of new techniques reportedly have 
enabled the Venezuelan operator Lagoven to triple the 
output of heavy oil from some wells. These techniques 
include the use of electromagnetic waves to reduce vis-
cosity before pumping. 

The company, a subsidiary of Petroleos de 
Venezuela SA, is testing the methods in the Cerro 
Negro zone of the Orinoco oil belt, as reported in the 
OPEC Bulletin, January 1994. 

One well reportedly reached a rate of 500 barrels per 
day, while others with similar characteristics in the 
area produce about 200 barrels per day. 

The electromagnetic waves raise the temperature of 
the producing formation, thereby reducing the crude's

viscosity and making it easier to pump. The method 
replaces traditional steam injection. 

Lagoven is also using horizontal drilling. 

ORIMVL.SION ON THE WAY TO JAPAN 

MC Bitor, a venture of Petroleos de Venezuela SA's 
Bitor unit and Mitsubishi, will sell 200,000 metric tons 
per year of Orimulsion to Japan's Kansai Electric 
Power Company under a 5-year agreement. Kansai 
will use the fuel to fire a generator at its Osaka electric 
powerplant. The first shipment should take place in 
June, according to the Qil gnj QM Journal Newsletter. 
March 7, 1994.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1994) 

ASPHALT FROM TAR SANDS - James W. Bunger and Associates, Inc. (T-5) 

J. W. Bunger and Associates, Inc. (JWBA) is developing a project for commercialization of Utah Tar Sands. The product of the 
initial venture will be asphalts and high value commodity products. The project contemplates a surface mine and water extraction 
of bitumen Followed by clean-up and treatment of bitumen to manufacture specification asphaltic products. JWBA has secured 
rights to patented technology developed at the University of Utah for extraction and recovery of bitumen from mined ore. 

In 1990, JWBA completed a $550,000 R&D program for development of technology and assessment of markets, resources and 
economics for asphalt production. 

Under this program Funded by the U.S. DOE SBIR program, a 100-300 pound per hour PDU was designed and constructed. The 
unit has been operated to determine the effect of process variables and kinetic parameters. Recoveries of greater than 97 percent 
have been experienced. The unit has been operated to produce gallon quantities of asphalt For testing and inspection. A field 
demonstration unit of 200 barrels per day has been designed and coated. 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 
"Inc commodity and specialty products from tar sand bitumen. This program was initiated with an additional $50,0 in funding 
from DOE 

The commercialization plan calls for completion of research in 1992, construction and operation of a field demonstration plant by 
1994 and commercial operations by 1996. The schedule is both technically realistic and financially Feasible, says JWBA. 

Project Cost:	 Research and Development: $13 million 
Demonstration project: $10 million 
Commercial Facility: $135 million 

RI-PROVINCIAL UPGRADER - Husky Oil Operations Ltd. (26.7%), Government of Canada (31.7%), Province of Alberta (24.2%), 
Providence of Saskatchewan (173%) (T-10) 

Husky Oil has built a heavy oil upgradcr located near the Alberta/Saskatchewan border at Wilton, near Lloydminster, Sas-
katchewan. The facility is designed to process 46,000 barrels per day of heavy oil and bitumen from the Lloydminster and Cold 
Lake deposits. The primary upgrading technology used at the upgrader is H-Oil ebullated bed hydrocracking followed by delayed 
coking of the hydrocracker residual. The output is 46,0 barrels per day of high quality synthetic crude oil, as well as 400 tonnes 
per day of coke and 235 tonnes per day of molten sulfur. 

The project was completed in the early fall of 1992 and, as of December 31, 1992, has produced over 4 million barrels of synthetic 
crude oil, well ahead of forecast. 

Currently, Husky's cost to produce synthetic crude from heavy oil is greater than its market value, but that is expected to change 
over the next several years. 

The project includes a crude oil unit, hydrocracker reaction unit, fractionation unit, delayed coking unit, naphtha-jet hydrotreater, 
gas-oil hydrotreater, hydrogen plant, gas-recovery unit and sulfur-recovery unit. 

Project Cost:	 Upgrader Facility. (t.6 billion 

BITUMOUNT PROJECT - Solv-Ex Corp. (T-20) 

The Solv-Ex Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv.Ex's process 
For recovery of bitumen and metals. 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 
Analyses of the pilot plant tailings (after bitumen extraction) showed that these minerals are readily recoverable. 

A Solv-Ex pilot plant, located in Albuquerque, New Mexico, can process up to 72 tons of oil sands per day. It can also produce up 
to 25 barrels of bitumen per day, depending on the grade of oil sands processed. The quantity of bitumen recoverable from tar 
sands depends on its bitumen content, which typically ranges from 4 to 12 percent.

SYNTHETIC FUELS REPORT, JUNE 1994 
3.35



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1994) 

COMMERCIAL PROJECTS (Continued) 

In an 8-month test program, Solv-Ex processed approximately 1,000 tons of Athabasca tar sands material in process runs of low 
(6 percent of bitumen), avenge (8 to 10 percent), and high (12 to 14 percent) grade oil sands through the pilot plant. The test 
material was procured from a pit centrally located in the oil sands deposit on which the Bitumount Lease is located. Avenge per-
centage of bitumen recovered for the low, avenge and high grade sands were 75,90 and 95 percent, respectively. 

In February, 1989, a viable processing flowsheet was finalized which not only recovers the originally targeted gold, silver and 
titanium values but also the alumina values contained in the resource. Synthetic crude oil would represent about 25 percent of the 
potential mineral values recoverable from the Bitumount Lease. 

The results of this work indicate that the first module could be a 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. 

BURN'!' LAKE PROJECT - Suncor Inc., Amoco Canada Petroleum Com pany 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 was again halted in early 1989. By then, 44 wells in two clusters and 7 delineation wells had been 
drilled and cased. 

A pilot was initiated at these wells in 1990 to test the cold flow production technique whereby the bitumen is produced together 
with some sand using a progressive cavity pump. Initial results were encouraging. Since then, twelve wells have been put on 
production. Production rates of 30 cubic meters per day have been achieved in some wells and the productivity appears to be 
limited by the capacity of the pumps. However, some wells produced at rates of 5 to 8 cubic meters per day. The productivity ap-
pears to be controlled by the geological structure and the sand quality of the reservoir. Operation problems necessitated revisions 
of well operation procedure and well completion program. 

As of Sprint 1994, an alternative process for the commercial development of the Burnt Lake property is under evaluation. 

Burnt Lake is estimated to contain over 300 million barrels of recoverable heavy oil. 

COLD LAKE PROJECT - Imperial Oil Resources Limited (F-SO) 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. (now Im-
perial Oil Resources Limited) approval to proceed with construction of the first two phases of commercial development on Esso's 
oil sands leases at Cold Lake. Subsequent approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 
1985. 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen- 
eration plant and a treatment plant which separates;produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled. 

Shipments of diluted bitumen from Phases I and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake avenged 60,ODD barrels per day. Production in 
early 1988 reached 85, barrels per day. A debottlenecking of the first six phases added 19,000 barrels per day in 1988, at a cost 
of $45 million. Production in 1990 from Phases 1.6 was 78,0 barrels per davt production from the pilots was 8,000 barrels per 
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The AERCB approved Imperial's application to add Phases 7 through 10, which could eventually add another 44,000 barrels per 
day. Phases 7 and 8, which include about 240 wells, a steam-generating and distribution system, a bitumen collection pipeline and a 
central processing facility, were put into operation in 1993. 

Plant facilities for Phases 9 and 10 were completed in tandem with the Phases 7 and 8 plant, but Imperial has decided to defer fur-
ther development of these phases due to the drop in global oil prices. When suitable market opportunities materialize, Imperial 
will drill the wells to fully utilize this plant capacity, expanding production by a further 20,000 barrels per day. 

Project Cost:	 Approximately $770 million for fiat 10 phases. 

DAPHNE PROJECT - Petro-Canada (T-60) 

Petro-Canada is studying the possibility of a tar sands mining/surface extraction project to be located on the Daphne leases 65 
kilometers north of Fort McMurray, Alberta. To date over 350 core holes have been drilled at the site to better define the 
resource. The project may involve farmout and/or sales of the property. 

Currently, the project has been suspended pending further notice. 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (17-70) 

Texaco placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition in 1985, to be mac-
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 He at depths up to 1,200 Feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost: Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of Electromagnetic Oil Recovery, 
Inc. (T-80) 

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 (Ifl'Rl) 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 $1/bbl, according to OILS. 

Additional projects under way with EON, Inc.'s technology include: 

Canada Northwest Energy Ltd. installed an electromagnetic heating system within a well located near Lashburn, Saskatchewan in 
February 1989. Production averaged triple the production rate which existed before installation of the EOR system. Pan Canadian 
Petroleum Co., Ltd. has had a project ongoing since late 1990, with encouraging results for this heavy oil application. In Utah, an 
EOR system was installed in a well owned by GHP Corporation during December 1991. The system was designed to overcome 
production problems associated with an oil containing a large amount of paraffin. Also in Utah, EOR has been contracted by 
Coors Energy company to test the process in a field which experiences production problems associated with paraffinic oil. In 
Wyoming, Marathon Oil Company installed the EOR equipment within a well near Cody, Wyoming in late 1990. EOR was con-
tracted by Shell to provide equipment and services to utilize the technology within a well in the Schconebeck field of the Nether-
lands. The project resulted in EOR signing a contract for additional work for another Shell affiliate, Petroleum Development 
Oman. For Lagoven, EOR has been contracted to provide equipment and services for two wells in the John, Yield of Venezuela, 
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with startup scheduled for late summer of 1992. In Indonesia, a project is pending with Pertamina for a deep well which ex-
periences paraffin related production problems. In Brazil, EOR's project is slowly expanding. Currently four additional wells have 
been equipped with the EOR system with positive results for Petrobras. 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, limited. (17-90) 

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 I Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. The primary oil sands 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 970 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 "canal Project. The 
delineation and development wells arc 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 198748, 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. 

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 may be planned in future years. Phase 2 was approved in 
1993, however, no new developmnet is expected. Existing wells will be produced on a primary basis. 

Project Cost	 Phase 1 - *50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Limited ('F-I®) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board for Phase I of a proposed three phase 
commercial bitumen recovery project in August 1986. 

The Phase I project was to involve development of primary and thermal recovery operations in the Lindbergh and Frog Lake sec-
tors near ElkPoint in east-central Alberta. Phase I operations were to include development of 16 sections of land. By the end of 
1990, 148 wells were drilled. 	 - 

PanCanadian expected Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans called for Phase II operations to start up in the mid 1990's with production to increase to 6,000 barrels per day, 
Phase III was to go into operation in the late 1990's, and production was to increase to 12,000 barrels per day. 

Experimental steam stimulation (50 cycles) and steamflood (one pattern) lasted until mid-1990. Results were not encouraging and 
therefore all steaming operations have been canceled. Another steaming process such as SAGD (Steam Assisted Gravity 
Drainage) may be attempted in the future but no plans are currently in place. 

Although steaming has proved unsuccessful, primary production rates and cumulative recoveries are much better than originally 
anticipated. Recoveries as high as 12 to 20 percent on 20-acre and 10-acre spacing are expected utilizing slant wells from pads. 
Consequently, the focus is now on primary production. 

Current production is 10,5(X) barrels per day from 170 wells in 19 sections. Plans are in place to drill 120 wells in 1994, which will 
increase oil production to 16,500 barrels per day. 

Project Cost:	 Phase I = C362 Million to date
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FOREST HILL PROJECT - Greenwich Oil Corporation (T-110) 

Greenwich Oil Company is developing a project which entails modification of existing, and installation of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a fire flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation. On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24, 1985. Project has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The oil production rate 
reached 1,200 barrels per day. 

On January 9, 1989, Greenwich filed for reorganization under Chapter 11 of the Bankruptcy Act. Oxygen injection was temporarily 
suspended but water is being injected into the burned-out sand zones to move unreacted oxygen through the combustion zone and 
to scavenge heat. 

On January 2, 1990, Greenwich successfully implemented its Plan of Reorganization which had been approved by the Court in 
November 1990. Under the terms of an agreement with the United States Treasury, successor to the Synthetic Fuels Corporation, 
the commitment for loan guarantees and price support was terminated. 

January 1992 production was 410 barrels of oil per day. 

Project Cost:	 Estimated $42.5 million 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (1-120) 

Amoco (formerly Dome Petroleum) began a commercial project in the Lindbergh area that would initially cover five sections and 
was planned to be developed at a rate of one section per year for live years. It was to employ 'huff-and-purr 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 averaging 6,200 barrels per day. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (1-130) 

Murphy Oil Company Ltd., has completed construction and startup of a 2,500 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the North Saskatchewan River. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses 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 were encouraging, says Murphy, but an expansion to full 
capacity depends on heavy oil prices, market assessment, and operating cats. 

The project was shut-in in late 1991. Engineering reviews of current and alternate technologies are under way. 
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In late 1993 a horizontal well was drilled, offsetting eight of the directionally drilled cyclic wells. Five of these were converted to in-
jection wells and a steam drive process using the horizontal well as a producer is being tested. 

Project Cost:	 $30 million (Canadian) initial capital cost 

NI3WGRADE HEAVY OIL UPORADER (THE CO-OP UPGRADER) - NewOrade Energy, Inc., a partnership of Consumers Co-
Operative Refineries Ltd. and the Saskatchewan Government (T-140) 

Construction and commissioning of the upgrader was completed in October, 1988. 	 The official opening was held 
November 9, 1988. 

The refinery/crude unit has been running at well over 50,ODD barrels per day of heavy/medium crude. From that, 32,000 barrels 
per day of heavy raid bottoms are sent to the Atmospheric Residual Desulfurization (ARDS) unit which performs primary 
upgrading From there 15,000 barrels per day is being run through the Distillate Hydrotreater (DHU) which improves the quality 
of the distillate fuel oil streams by adding hydrogen. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Consumers' Co-Operative Refineries contributed their existing refinery to the project, while the provincial government provided 
20 percent equity funds. The federal government and the Saskatchewan government provided loan guarantees for 80 percent of the 
costs as debt. 

NewOrade selected process technology licensed by Union Oil of California for the ARDS and DHU. The integrated facility is 
capable of producing a full slate of refined products or alternately 30,ODO barrels per day of upgraded crude oil or any combination 
of these two scenarios. 

Operations include the processing of over 50,000 barrels per day of heavy and medium Saskatchewan crude with approximately 
70 percent (3S,000 barrels per day) being converted to a full range of refined petroleum products and the remaining 30 percent 
(15,000 barrels per day) being sold as synthetic crude. 

Operations in 1993 have experienced a heavy crude oil charge ratio of up to 54,000 barrels per day, and the Atmospheric Residual 
Desulfurization (ARDS) unit has had a charge ratio of 3ZOOO barrels per day. The Distillate Hydrotreater/Hydrocracker routinely 
operates at up to 15,000 barrels per day. 

The plant design capacities are: crude unit, 50,000 barrels per day; ARDS, 30,000 barrels per day, DH, 12,000 barrels per day. 

As a result of continuing financial difficulties, the terms of the partnership between Consumer's Cooperative Refineries and Sas-
katchewan were renegotiated in 1993. Under the new deal, Saskatchewan and Consumer's Cooperative will both contribute 
$75 million and both will share cash flow defficiencies equally up to $4 million. 

Project Cost	 $700 million 

ORIMULSION PROJECT - Petroleos de Venezuela SA (PDVSA) and Veba OcI AG (T-145) 

Venezuela's state-owned oil company, Petroleos de Venezuela SA (PDVSA), and Germany's Veba Del AG are developing the 
heavy crude and bitumen reserves in the Orinoco Belt in eastern Venezuela. The two companies conducted a feasibility study to 
construct a facility capable of upgrading 80,000 barrels per day of extra heavy crude. Development plans for the next 5 years call 
for production of I million barrels per day. 

About 60 percent of this production would be Orimulsion, a bitumen based boiler fuel. The remainder would be convened to light 
synthetic crude oil. PDVSA can produce and distribute 50,ODD barrels of Orimulsion per day, with capacity in hand to double that. 

Orimulsion has been produced from the Morichal Field in Eastern Venezuela since May 1988. 

!DVSA joined forces with Mobil Corporation in 1992 to explore other options for marketing heavy crude in addition to Orimul-
slon. 

In October 1991, the Kashima-Kita Electric Power Corporation of Japan began firing their generators with 700 tons per day of 
Orimulsioa. Another Japanese utility, Mitsubishi Kasei Corporation, began working with Orimulsion in February 1992. Other 
markets for Orimulsion now include Power Gen, Great Britian and New Brunswick Power Company in Canada. 
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PDVSA's research institute, Intevep, is developing EVC Orimulsion, an 80 percent bitumen, controlled viscosity, emulsion fuel with 
improved stability. EVC Orimulsion has been tested at pilot plants in Morichal, Venezuela, according to Intevep, and the fuel is 
expected to reduce land and marine transportation costs, while delivering higher energy content per pound. The new and improved 
Fuel is scheduled to enter the market sometime in 1994. 

Project Cost:	 $2.5 billion 

OSLO PROJECT - Imperial Oil Ltd. (25 percent), Canadian Occidental (20 percent), ,Oulf Canada (20 percent), Petro-Canada 
(15 percent), PanCanadian Petroleum (10 percent), Alberta Oil Sands Equity (10 percent). (1-150) 

The OSLO joint venture was to be an 80,000 barrel per day oil sands mine and extraction plant 60 kilometers north of Fort 
McMurray, and an upgrader situated about 7 kilometers south of Redwater, near Edmonton. Production was scheduled to begin in 
199& 

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 nude oil with properties similar to conventional light crude oil—suitable as feedstock for Canadian 
refineries. OSLO has selected the high-conversion Veba Combi Cracking processfor upgrading. 

According to OSLO, the OSLO reserves are large enough that a project could produce 200,00) barrels of synthetic crude oil per 
day for almost 50 years. 

In early 1992 the OSLO partners decided that they could go no further with the project without government support. When the 
final work on technical design and environmental assessment was completed, the OSLO offices in Calgary, Alberta were be closed. 
The project will not be built until economic conditions improve. 

Project Cat: $43 billion estimated 

PEACE RIVER COMPLEX - Shell Canada limited (1-160) 

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. The Peace River complex completed 
its first Full year of operating at capacity in 1990. Its 10 millionth barrel of bitumen was produced in March. Through a combina-
tion of increased bitumen production and reduced energy requirements, the unit bitumen production cost has been reduced to 
30 percent of that averaged during the rnxt full year of operation. The operation is producing about 10,000 barrels per day of 
bitumen. Ultimate recovery is projected at 55 percent of the bitumen in place. 	 - 

On January 25, 1988 the ERCB approved Shell Canada's application to expand the Peace River project from 10,000 barrels per day 
to approximately 50,000 barrels per day. PREP II, as it will be called, entails the construction of a stand-alone processing plant, lo-
cated about 4 km south of PREP I. PREP II would be developed in four annual construction stages, each capable of producing 
1,600 cubic meters per day. However, due to low world oil prices and continual uncertainty along with the lack of improved fiscal 
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terms the expansion project has been postponed indefinitely. Some preparatory site work was completed in 1988 consisting of the 
main access road and drilling pads for PREP II. The ERCB approval for PREP II was allowed to lapse, however, in 
December 1990. Continued world oil price uncertainty contributed largely to the decision not to seek an expansion. 

Research into the application of a steam drainage process has led to the design of a two-well horizontal well demonstration project. 
The project is testing the technical and economic feasibility of bitumen recovery utilizing surface-accessed horizontal wells, employ-
ing an enhanced steam assisted gravity drainage process. The estimated lifetime of the project is 12 years durins which 80% of the 
bitumen initially in place is thought to be recoverable. The project is tied into existing Peace River complex facilities and began 
operating in November 1993. After steam injection for two months, production was expected to be about 1,000 barrels per day. 

Project Cost: 	 $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170) 

Amoco (formerly Dome) proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. 
Amoco is earning a working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, 
the company undertook a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby 
earned an interest in eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of lO de. 
grees API oil in 1984. 

The agreement with Alberta Energy allows Amoco to earn an interest in an additional 194,280 acres of adjoining oil sands lands 
through development of a commercial production project. The project is estimated to carry a capital cost of at least $0.2 billion 
and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil or 18.6 percent 
of the oil originally in place in the project area. Each section will contain four 26-well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. A subsequent amendment to the original scheme was approved on August 18, 1988. The 12,800 acre project will 
be developed in three phases. Four 6,500 barrel per day modules will be used to meet the 25,000 barrel per day target. 

In 1989, Amoco undertook some additional work at the site by drilling a horizontal well. In 1990 Amoco announced it would drill 
two more welts to assist in engineering design work. Six hundred thousand dollars was planned to be spent on this effort in 1990. 

A new steam injection heavy oil pilot was placed in production in early 1991. By the end of 1991, AEC expected to be testing more 
than 80 wells using various techniques, including a cold technique which employs specialized pumps. 

In 1991, ERCB gave approval for seven horizontal wells to maximize bitumen recovery under a steam stimulation/gravity drainage 
process. 

ABC expects its share of Primrose heavy oil production to grow to about 10,000 barrels per day over the next 5 years and double by 
the late 1990s. 

Using a newly developed 'cold production' technique, four wells have been producing for more than a year at rates averaging 
140 barrels per day per well. This technique significantly reduces capital and operating costs as compared to steam injection tech-
niques. Further testing of this technology continues in 1992. 

AEC estimates that cold production technology could yield 6,000 barrels per day by 1993, with a planned expansion to 
12,500 barrels per day in 1995. 

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SCOTFORD SYNrHErIC CRUDE REFINERY - Shell Canada limited (F-lao) 

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 70,0 barrels per day. Feedstock is provided 
by the two existing oil sands plants, Syncrude and Suncor. The refinery's petroleum products are gasoline, diesel, jet fuel and stove 
Oil. Byproducts include butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,000 tonne/year styrene plant. 
The refinery and petrochemical plant officially opened September 1994. 

Project Cost:	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants 
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SUNCOR, INC., OIL SANDS GROUP - Sun Company, Inc. (72.8 percent), RBC Dominion Securities and Scotia McLeod Inc. 
(25 percent), publicly (2.2 percent) (I'-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 1961. 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. 

In November 1991, Suncor applied to the ERCB to increase primary bitumen production as much as 2,000 cubic meters per day 

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 along with partner Ontario Energy Corporation (OEC) to sell up to 
45 percent interest in Suncor. Sun intends to reduce its 75 percent share to 55 percent and OEC would sell its entire 25 percent in-
terest in Suncor. 

The plant achieved record production levels in 122, avenging 60,5W per day for the 'ear. Cash operating costs in 1993 were 
C16.00 per barrel. 

In 1992 Suncor announced restructuring and operating changes aimed at reducing the cost of producing synthetic crude oil by $5 to 
$1 per barrel by 1996. Lowering production costs by that amount would increase the company's cash flow by $125 to $175 million 
per year and make synthetic crude oil competitive with Canadian conventional crude oil. 

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

To reduce mine operating costs, Suncor introduced a more flexible and efficient mining method in 1993. 6 months ahead of 
schedule. The 25-year-old bucketwheel excavator systems are replaced with a more modern system of large-scale trucks, power 
shovels and on feed crushers at a cost of approximately W million. Truck and shovel mining equipment, which has reached un-
precedented dimensions of size and scale in recent years, will enhance reliability and productivity and should result in significant 
gains in both production and cost savings. By mid-1994, Suncor believes these initiatives alone will reduce cash cats by ap-
proximately $3 per barrel of synthetic crude oil. 

In addition, to provide steam and electricity to Suncor's oil sands operation, near Fort McMurray, Suncor Inc. and Canadian 
Utilities Ltd. have agreed to jointly develop, own, and operate a cogeneration plant to replace Suncor's existing steam and electric 
plant. The new unit is expected to cost about $270 million and will use fluidized bed combustion to reduce sulfur dioxide emissions 
from Suncor's operation by at least 75 percent. The plant is also expected to reduce operating costs by C$30 to C$40 million per 
year, or about C$1.50 per barrel. It is scheduled to be commissioned in mid-1996. 

Suncor will also be implementing other operating efficiencies and production improvements that are expected to result in a cash 
cost reduction of up to $2.50 per barrel. Modifications were be made to the upgrader during a maintenance turnaround in 1993 
that will boost production capacity to 68,000 barrels per day in 1994. Implementation of the plan means that employment levels will 
be gradually reduced. As the new mining method is introduced, employment will drop from 2,400 to about 2,. 

Project Cost:	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (T-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. 
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Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - (iNC Energy Corporation (T-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by (INC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration. The pilot demonstrated that tar sands could be concentrated by selective flotation From 8 percent bitumen 
as mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute (CSMRI) in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 
5 percent ash and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and found it to be 
simpler and cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product From the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston, Texas and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today (INC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent and 
flotation units and converts 92 percent or that stream to a 27 degrees API crude with characteristics between Saudi Light and Saudi 
Heavy. 

(INC has 2,0) acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial Facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, (INC requested loan and price guarantees of $452,419,000. On 
November 19, 1985 the 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 giving any financial assistance to the project. (INC is 
now attempting to finance independently of United States government assistance. Studies have been completed by M. W. Kellogg 
and Engelhard indicating feasibility, alter 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 1,500 barrels per day plant including upgrad-
ing to products, with some used equipment, would cost $149 million. 

As of mid-1993, (INC is still looking for financial partners, however, little progress has been made since the 1980's. 

Project Cost:	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYSIDE PROJECT - Synco Energy Corporation (T-220) 

Synco Energy Corporation of Orem, Utah is seeking to raise capital to construct a plant at Sunnyside in Utah's Carbon County to 
produce oil and electricity from coal and tar sands. 

The Synco process to extract oil from tar sands uses coal gasification to make a synthetic gas. The gas is cooled to 2,000 degrees 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 Get 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 ct?generated electricity. Testing indicates that the 
hydrogen-rich syngas from the gasified coal lends to good cracking and hydrogen upgrading in the kiln. 

The plant would be built at Sunnyside, Utah, near the City of Price. 

There is a reserve of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,ODO barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been filed by Synco with the Utah Division of State Lands for an industrial special use lease containing the en- 
tire Section 36 of State land bordering the town of Sunnyside, Utah. Synco holds process patents in the U.S., Canada and 
Venezuela and is looking for a company to joint venture with on this project. 

Project Cost: $350 million
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SYNCRUDE CANADA, LTD. - Imperial Oil Resources (25.0%); Petro-Canada (12.0%); Province of Alberta (11.74%); Alberta Energy 
Company Ltd. (10.0%); PanC.anadian Gas Products Limited (10.0%); (lull Canada Resources Limited (9.03%); Canadian Occidental 
Petroleum Ltd. (7.23%); 11806 - Oil Sands Ltd. Partnership (5.0%); Mur phy Oil Company (5.0%); Mocal Energy Limited (5.0%) 
(1'-230) 

Located near Fort McMurray, the Syncrude surface mining and extraction plant produces 180,000 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.bucketwhetl 
reclaimer-conveyor systems; oil extraction with hot water flotation of the ore followed by dilution centrifuging; and upgrading by 
fluid coking followed by hydrotreating During 1988, a 6-year $13 billion investment program in plant capacity was completed to 
bring the production capability to over 155,000 barrels per calendar day. Included in this investment program were a 40,000 barrel 
per day LC Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine Iced systems as well as 
debottlenecking of the original processes. 

In 1992 production operating costs were about CS1539 per barrel. Syncnide Canada Ltd. produced 12 percent of Canada's crude 
oil requirements in 1992. In 1993 o perating costs were SiSAl ocr barrel. 

In 1992, Syncrude announced that it is seeking approval from the Alberta Energy Resources Board (ERCB) to increase output by 
22 percent. 

Syncrude is also studying alternative methods for site reclamation. Durin g 1993. Svncrude reclaimed 178 acres of land, 

Syncrude is requesting live amendments to its current ERCB approval: 

An annual production increase to 217,000 barrels per day of marketable hydrocarbon for the existing plant 

An extension to December 31, 1997 to begin construction of new facilities that would allow production to be in-
creased to 258,000 barrels per day (1983 estimated cost of C$4.0 billion) 

An extension of Synctude's production period to December 31, 2025 

The ability to process bitumen from off-lease sites and to ship bitumen from Mildred Lake to other processing 
operations 

The ability to use new technology, developed by Syncrude, for future mining and reclamation plans 

A public hearin g was held in the fall of 1993 and a final rulinc by the ERCB is expected in 1994. 

In j, Syncrude sales of synthetic oil were at record levels for the fourth year in a row, averaning over 160,000 barrels per day. 

Project Cost:	 Original base plant cost	 (2.3 billion 
Additional capital	 C$2.0 billion 

THREE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (T-240) 

Three Star Drilling and Producing Corporation has sunk a 426 foot deep vertical shaft into the Upper Siggins sandstone of the Sig-
gins oil field in Illinois and drilled over 34,000 feet of horizontal boreholes up to 2,000 feet long through the reservoir. The original 
drilling pattern was planned to allow the borehole to wander up and down through the producing interval in a snake' pattern. 
However, only straight upward slanting holes are being drilled. Three Star estimates the Upper Siggins still contains some 35 mil-
lion barrels of oil across the field. 

The initial plans call for drilling one to four levels of horizontal boreholes. The Upper Siggins presently has 34 horizontal wells 
which compose the 34,000 feet of drilling.
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Sixty percent of the horizontal drilling was completed by late 1990. Production was put on hold pending an administrative hearing 
to determine whether the mine is to be classified as gaseous or non-gaseous. 'The project was later classified as a gaseous mine due 
to the fact that the shaft penetrated the oil reservoir. As a result of the ruling. Three Star then drilled a verticle well to the under-
ground lump room and began producing the mine conventionally with all the horizontals open. In 1992, Three Star will begin 
reworking the surface wells for injection purposes in order to pressure up the Upper Siggins. 

Project Cost: 	 Three Star budgeted $3.5 million for the first shaft. 

WOLF LAKE PROJECT - Amoco Canada Petroleum (T-260) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the huff-and-
puff method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled. 

An estimated 720 wells will be needed over the expected 25-year life of the project. Because the site consists mostly of muskeg, the 
wells will be directionally drilled in clusters of 20 From special pads. The bitumen is heavy and viscous (10 degrees API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir, 
however, production had increased to 1,030 cubic meters per day in 1989 and 1,147 cubic meters per day in 1990. Continuing the 
trend, 1991 will we an avenge production rate of 1,167 cubic meters per day. 

In 1987, a program designed to expand production by 2,400 cubic meters per day to 3,700 cubic meters per day, total bitumen 
production was initiated. Wolf Lake 2 was originally expected to be completed in mid-1989. 

In early 1989, BP Canada and Petro-Canada delayed by 1 year the decision to start up the second phase. While the Wolf Lake 2 
plant was commissioned in 1990, full capacity utilization of the combined project is not likely before the late 1990s when it is ex-
pected that higher bitumen prices will support the expanded operation and further development. 

The new water recycle facilities and the Wolf Lake 2 generators are operational. Production levels will be maintained at 600 to 700 
cubic meters per day until bitumen netbacks have unproved. 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 an per barrel, while bitumen prices fell to a low of 
C$8.19 per barrel in 1988. BP initiated a program to reduce Wolf Lake costs, which included laying off 120 workers, making im-
provements in process efficiency, and operating the plant at about 50 percent of capacity. These economic measures cut operating 
costs to aio to 12 per barrel. 

In 1991, Wolf Lake production costs were less than $9 per barrel, and bitumen production averaged 4,225 barrels a day. 

In early 1992, BP Canada and Petro-Canada sold their entire interests in the project to Amoco Canada Petroleum. No price was 
disclosed but both companies have written off their total $370 million investment in the project. 

Project Cost: Wolf Lake 1
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

YARECIA 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 productip formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Avenge permeability is 3.17 mKm. Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,ODO 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 
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A mining-assisted technique with steam injection was developed starting in 1968. In 15 years, 10 million tons of steam have been in-
jected into the reservoir. 

Three mines have been operated since 1975. An area of the deposit covering 225 hectares is under thermal stimulation. It includes 
15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two underground slant 
production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. Construction of 4 new 
shafts is expected to bring production to over 30,000 barrels per day. Forty-one million barrels of oil were produced during the 
period 1975-1987. A local refinery produces lubricating oils from this crude. 

Project Cost: Not Disclosed

R & D PROJECTS 

AThABASCA IN SITU PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Husky Oil Opera-
tions Ltd., Imperial Oil Ltd. (T-270) 

The pilot project began operation in December, 1981. The pilot was developed with the following objectives in mind: Evaluate theuscofl 
tion; optimize steam injection rates; maximize bitumen recovery:,assess the areal and vertical distribution of heat in the resewoir, 
evaluate the performance of wellbore and surface 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 threepat-
terns. The 9-spot pattern was started up in 1985. The two 5-spot patterns were started up in 1987. Results from all three patterns con-
tinue to be encouraging, 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 

BA1TRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Unocal Canada Limited, Saskoil, Hudson's Bay Oil and Gas (r-280) 

Mobil Oil Canada initiated thy combustion in the Battrum field, near Swift Current, Saskatchewan, in 1964 and convened to wet 
combustion in 1978. The combustion scheme, which Mobil operates in three Battrum units, was expanded during 1987-88. The ex-
pansion included drilling 46 wells, adding 12 new bums, a workover program and upgrading surface production and air injection 
facilities. There are presently 17 bums in operation. 

All burns have been converted to wet combustion and the air injection rate is 25 million cubic feet per day. In 1988, studies were 
initiated to determine the feasibility of oxygen enrichment for the EOR scheme. Due to increased capital requirements for the 
oxygen case in 1991, application of horizontal well technology was considered as an alternative. In late 1992, Mobil and partners 
drilled the first horizontal well to take advantage of gravity drainage. Encouraced b y the production performance of the first well. 

BUENAVEWI'URA COLD PROCESS PILOT - Buenaventura Resource Corp. (r-287) 

Buenaventura Resource Corporation owns the exclusive license to use a patented process to extract oil from tar sands in the 
United Slates 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 involves testing the technology in a small pilot plant installed near 
Weber State University. The plant was built in Texas and was shipped to Utah in the fall of 1990 for installation. This was begun 
successfully in 1992. The project's second phase will be a larger pilot plant and the third phase will be a commercial-scale plant. 

SYWflIE'IlC FUELS REPORT, JUNE 1994 
3-47



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March lflt) 

R & D PROJECT'S (Continued) 

Buenaventura has been working on developing the new process in Uintah County, Utah since 1986. Funding for the project is 
being sought from the State of Utah and the United States Department of Energy. 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. (60 percent) and Alberta Energy Co. (40 percent) (1-310) 

Husky Oil Operations Ltd. and Alberta Energy Co. received ERCB approval for a 1,100 barrels per day heavy oil steam pilot in 
the Primrose block of the Cold Lake Air Weapons Test Range in northeastern Alberta. 

In September, 1989, Husky and AEC Oil & Gas Company announced their intention to proceed with the development of the 
Caribou Lake Pilot Project. This project will test the potential commercial application of producing heavy oil using cyclic steaming 
technology. Husky will operate the project. 

Construction at the Caribou Lake Pilot Project was completed in early 1991 and the operations phase of the project was begun. 
The Pilot consists of 25 cyclic steam/production wells, 75 MMBTU/hour steam generation capacity and associated oil treating and 
produced water clarification facilities. The total average output of the project was expected to be 1,200 barrels of heavy oil per day. 

In 1992 the Caribou Lake Project was suspended indefinitely. 

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 Uoydminster. The pilot consisted of 
25 wells drilled on S-acre spacing, with twenty producers and rm 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 1981 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. Steam operations continued until 
April 1991, and there after, wells were put on primary production. This test operation is now part of the total Celtic field opera-
tion. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-H SYNFUELS DREDGING PROJECT- C-H Synfuels Ltd. (1-330) 

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 Home River some 900 meters from the Fort McMurray subdivision 
of Abasand Heights. Extraction of the dredged bitumen would take place on a floating modular process barge employing a 
modified version of the Clark Hot Water Process. The resulting bitumen would be stored in tanks, allowed to cool and solidify, 
then transported, via truck and barge, to either Suncor or the City of Fort McMurray. Tailings treatment would employ a novel 
method combining the sand and sludge, thus eliminating the need for a large conventional tailings pond. 

C-H proposes to add lime and a non-toxic polyacrylamide polymer to the tailings stream. This would cause the fines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cost: Not disclosed 

CIRCLE CLIFFS PROJECT' - Kirkwood Oil and Gas (1-340) 

Kirkwood Oil and Gas is forming a combined hydrocarbon unit to include all acreage within the Circle Cuffs Special Tar Sand 
Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Work on this project was suspended in 1990 until an Environmental Impact Statement can be completed. 

Project Cost:	 Not disclosed
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COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada (T-350) 

A stratigraphic tat program conducted on Mobil's 75,0 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 Lace Iron River Pilot Project (T-440)J. was con-
structed with operations beginning in March, 1988. To date, steam stimulation tests have been conducted in a total of 14 vertical 
wells. 

Single well tests were suspended at the end of 1991. 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 tat was successfully completed in 1991. As of August 1993, 
the wells are suspended. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Resources limited, the Alberta Oil Sands Technology and Research 
Authority, and L'Association pour la Valorization des 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 ASVAIlL 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 faxed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed 

EYEHILL IN SITU COMBUSTION PROJECT - Canadian Occidental Petroleum, Ltd., CS. Resources Ltd. and Murphy Oil Company 
Ltd. (1-390) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 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. Ewe of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of 
April 1, 1982. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 
14.3 degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 and. 

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. 

Three horizontal wells were drilled in 1992, with one inside the fireflood boundaries. Production from the project peaked at 
1,300 barrels per day. 

Project Cost:	 $15.2 million
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FORT KENTThERMAL PROJECT - Koch Industries and Canadian Worldwide Energy Corporation (V400) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of Al- 
berta. Canadian Worldwide holds a 50 percent working interest in this project, with Koch Industries now replacing Suncor. This 
oil has an avenge gravity of 123 degrees API, and a sulfur content of 33 percent. The project utilizes huff and puff, with 
steamdrive as an additional recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns 
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 8 well cluster drilled in late 1985. Five additional develop-
ment well locations have been drilled. Approximately 59 wells are now operating, with production avenging 1,600 barrels per day. 
Further development work, including tying-in the 8 wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated 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 (V.405) 

The Frog Lake Lease is located about 50 miles northwest of Lloydminster, Alberta in the southeastern portion of the Cold Lake 
Oil Sands deposit. The lease contains a number of heavy oil producing horizons, but primary production rates are generally 
restricted to less than 5 cubic meters per day per well due in large part to the high viscosity of the oil. 

During the 1960's steam stimulation treatments were carried out on several wells on the Frog Lake lease but based on these tests it 
was concluded that conventional thermal recovery methods using steam are hampered by the thermal inefficiency associated with 
the thin sands. 

In 1991 Texaco began preparing to apply electromagnetic heating to stimulate three Lower Waseca wells at Frog Lake. The wells 
were placed on production in late November 1990 and electromagnetic heating was scheduled to commence by mid-1991. 

Upon completion of the tests in 1993 it is expected there will be sufficient data available to develop reliable economics for a com-
mercial project. A reservoir simulator will be used to history-match test results and make predictions of production rates and ul-
timate recovery for various well patterns and spacing. 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd. (14.29 percent) and AOSTRA (85.71 percent) (1-420) 

The Gregoire Lake In-Situ Steam Pilot (GUSP) was an experimental steam pilot located at Section Z-86-7W. Phase B operations 
were terminated in July 1991 due to financial limitations. Petro-Canada had participated in Phase A of the project, but declined to 
participate in Phase B which was initiated in 1990. The lease is shared jointly by Amoco and Petro-Canada. Amoco is the 
operator. 

The GLISP production pattern consisted of a four spot geometry with an enclosed area of 0.28 hcctacres (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., Imperial Oil Ltd. and Japan Canada Oil Sands 
Limited (V.430) 

Construction of a 13 well cyclic steam pilot with 4 observation wells was completed and operation began on May 1, 1990. On Sep-
tember 4, 1990, Petro-Canada announced the official opening of the Hangingstone Steam Pilot Plant. 
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The production performance of the first two cycles was said to be below expectations because of severe steam override. Cold 
bitumen influx into the wellbore also caused severe rodfall problems and pump seizure. In May 1992, Petro-Canada, Canadian Oc-
cidental and Imperial Oil withdrew from further testing of the Cyclic Steam Simulation (CSS) process at Hangingstone. Japan 
Canada Oil Sands limited (JACOS) assumed the piloting with Petro-Canada contract operating for JACOS. 

Some of the pilot wells are now in their Fourth production cycle. 

Further testing of other in situ recovery processes by JACOS, alone or jointly with other l-Iangingstone owners, is possible Follow-
ing the current CSS test. 

The Group owns 34 leases in the Athabasca oil sands, covering 5(X),000 hectares. Most of the bitumen is found between 200 and 
500 meters below the surface, with total oil in place estimated at 24 billion cubic meters. 

The Hangingstone operations are expected to continue until the end of 1994. According to JACOS, total expenditures will reach 
$160 million by 1994. Expansion to an enlarged pilot operation or a semi-commercial demonstration project could result if the cur-
rent project is deemed successful. 

IMPERIAL COLD LAKE PILOT PROJECTS - Imperial Oil Resources Limited. (T-435) 

Imperial operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Lease No. 40. 
Imperial has sold data From these tests to several companies. The Laming pilot is located in Sections 4 through 8-65-3W4. The 
Laming pilot uses several different patterns and processes to test future recovery potential. Imperial expanded its Leming field and 
plant Facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion, costing $40 mil-
lion, debottlenecked the existing Facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operat-
ing wells. Approved capacity For all pilot projects is 3,100 cubic meters (about 19,500 barrels) per day of bitumen. 

The pilots have been used For testing a variety of recovery, production and facilities technologies. 

They continue to serve as a testing area For optimizing the parameters of cyclic steam stimulation as well as on follow-up recovery 
methods, such as steam displacement and horizontal wells. 

(Also see Cold Lake in commercial projects listing) 

Project Cat:	 $260 million 

IRON RIVER PILOT PROJECT - Mobil Oil Canada (P440) 

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 31 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 was successfully operated until mid-1991. The pilot is still suspended as of August 1993. 

Project Cost: 	 $14 million 

KEARL LAKE PROJECT - See Athabasca In Situ Pilot Project (17-270) 

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 
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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 (1-33) listed in commercial projects.) 

Project Cost:	 $7 million capital, $23 million per year operating 

LINDBERGH THERMAL PROJECT - Amoco Canada Petroleum Company Ltd. (1-480) 

Amoco (formerly Dome) drilled 56 wells in section 18-55-5 W4M in the Lindbergh field in order to evaluate an enriched air and air 
injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to evaluate the combination thermal 
drive process. The enriched air scheme included three 10 acre patterns. Currently only one 10 acre enriched air pattern is opera-
tional. 

Air was injected into one 10 acre pattern to facilitate sufficient burn volume around the weilbore 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 
yeast Enriched air injection was reinitiated in this pattern in August 1985. Initial injection rate was 200,000 cubic feet per day of 
100 percent pure oxygen. Early oxygen breakthrough was controlled in the first year of Combination Thermal Drive (CFD) by 
reducing enrichment to 80 percent oxygen. 

In the second year of Cr!), further oxygen breakthrough was controlled by stopping injection, then injecting air followed by 
50 percent O2 Lack of production response and corrosion caused the pilot to be shut in in mid-1990. 

Project Cost:	 $22 million 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Amoco Canada Petroleum Company Ltd. (1-490) 

Amoco (formerly Dome) completed a 46 well drilling program (7 injection wells, 39 production wells) in Section 35-514-W4M in 
the Morgan field in order to evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot pat-
terns. All wells haw been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimula-
tions to provide for production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. 
All of the nine patterns have been ignited and are being pressure cycled using air injection. 

A change of strategy with more frequent pressure cycles and lower injection pressure targets was successful for pressure cycle four. 
This strategy will be continued with pressure cycle five scheduled for this year. A conversion to combination thermal drive is still 
planned after pressure cycling becomes unfeasible due to longer repressuring time requirements. 
The project started up in 1981 and is scheduled for completion in 1995. 

Project Cost:	 $20 million 

ORINOCO BELT STEAM SOAK PILOT—Maraven (F-S®) 

The Orinoco Belt of 54,000 km 2 was divided into four areas in 1979 to effect an accelerated exploration program by the operating 
affiliates (Corpoven, Lagoven, Maraven and Meneven) of the holding company Petroleos de Venezuela (PDVSA). 

Maraven has implemented a pilot project in the Liata area of the Orinoco Belt to evaluate performance of slant wells, productivity 
of the area, and well response to 'I-luff and Pufr steam injection in relation to a commercial development. 

Twelve inclined wells (7 producers and 5 observers) have been drilled in a cluster configuration, using a slant rig with a well spacing 
at surface of 15 meters and 300 meters in the reservoir. 

The 7 production wells, completed with openhole gravel packs, have been tested prior to steam injection at rates between 30 BPD 
and 200 BPD using conventional pumping equipment. Five wells have been injected, each with 10,000 tons of steam distributed 
selectively over two zones. After an initial flowing period, stabilized production on the pump avenged 1,400 BPD per well with a 
water cut of less than 3 percent.
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CS Resources acquired from Gulf Canada, the original operator, the Pelican Lake Project comprised of some 89 sections of oil 
sand leases. 

The Pelican Lake program is designed to initially test the applicability of horizontal production systems under primary production 
methods, with a view to ultimately introducing thermal recovery methods. 

Eight horizontal wells have been successfully drilled at the project site in north central Alberta. The Group utilizes an innovative 
horizontal drilling technique which allows for the penetration of about 1,500 Feet of oil sands in each well. With this technique, a 
much higher production rate is expected to be achieved without the use of expensive secondary recovery processes. 

Drilling was commenced on the first horizontal well on January 30, 1988 and drilling of the eighth well was completed in June 1988. 
Drilling of five more horizontal wells with horizontal sections of 3,635 feet (a horizontal record) was accomplished in December 
1989 and January 1990. Four more horizontal wells were drilled in 1991 for a total of 17 horizontal wells. 

All four 1991 wells contacted almost 100 percent of good quality reservoir throughout the horizontal section. The horizontal sec-
tion of one well was 1,321 meters from intermediate casing point to total depth. A 496 meter lateral am was completed oil the 
horizontal section of a 1,137 meter main hole section. One IT well was a limited success with a horizontal section of 907 meters. 

The avenge drill, case and completion cost of the 1991 wells was $540,. The wells took an avenge of 73 days to drill with the 
avenge horizontal section being 1,290 meters. The cost per horizontal meter has dropped from $1,240 per meter in 1988 to 
$420 per meter in 1991. 

Special effort was made to keep the drilling program simple and cost-effective. A surface casing was set vertically at 110 meters, 
then the wells were kicked off and inclination was built gradually to 90 degrees at a rate of two degrees/1 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 avenge vertical well figures. Four wells, drilled in 1988, rapidly produced with a disap-
pointing, and unexpected high water cut, whereas no bottom water is known to exist in this particular area. However, the two sub-
sequent horizontal wells have not had any free water problems. Sand production has not been a major problem and the production 
sand content is lower than in surrounding vertical wells. 

An additional six horizontal wells were drilled in 1993. To increase reservoir exposure, one of the 1993 wells was drilled and com-
pleted using the lateral tie-back system developed by CS Resources and Sperry-Sun Drilling Services. This system provides for the 
complex interconnection of individual production liners, thereby creating total wellbore integrity. The 1993 well drilled using this 
system has a total of 2,798 meters of horizontal section. The cost per horizontal meter for this well was $374. The avenge drill, 
case and completion cost of the 1993 wells was $670,000. The wells took an avenge of 10 days to drill with an average horizontal 
section of 1,702 meters. The avenge cost per horizontal meter for the 1993 wells was $416. 

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 1982. The pilot consists 
of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
19860 the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot wells welt cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. The remaining wells stayed on 
production. In January/February 1986,18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot was converted to steamflood in fall 1987. 

In May 1989 all thermal operations had been terminated. 
producing on primary production. 

The use of horizontal wells is being tested. 
length.
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PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT - AOSTRA, Canadian Occidental Petroleum, Ltd., Imperial Oil Ltd., 
Murphy Oil, Noreen Energy Resources Limited (T-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 Martinville 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 tour 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 Watedlood 

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, $2.5 million per year operating 

PR SPRING PROJECT - Enercor and SoIv-Ex Corporation, (T-540) 

The PR Spring Tar Sand Project, a joint venture between SOIV-EX Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
average grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and 
claims the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and low economical 
capital and operating costs. Process optimization and scale-up testing is currently underway for the Solv-Ex/Shell Canada Project 
which uses the same technology. 

The extraction plant for the project has been designed to process tar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totaling $230,947,0 under the United States Synthetic Fuels 
Corporation's (SIt's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SFC was abolished by Con-
gress on December 19, 1985 before financial assistance was awarded to the project. 

The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private financing and equity 
participation for the project are being sought. 

Project Cost:	 $158 million (Synthetic crude option) 
$90 million (Asphalt option)
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SOARS LAKE HEAVY OIL PILOT - Koch Exploration Canada Ltd. (r-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. The project is designed to test cyclic steam simulation process. 

Amoco Canada had been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The heavy oil reservoir at Soars Lake is located in the Sparky formation at a depth of 1,500 feet. 

In the summer of 1987, Amoco began drilling 15 slant wells for the project. One vertical well already drilled at the site was in-
cluded in the plans. The wells are oriented in a square 10 acre/well pattern along NE-SW tows. 

The injection scheme initially called for steaming two wells simultaneously with the project's two 25 MMBTU/hr generators. 
However, severe communication developed immediately along the NE-SW direction resulting in production problems. Although 
this fracture trend was known to exist, communication was not expected over the 660 Feet between the wells' bottomhole locations. 
Steam splitters were installed to allow steaming of 4 wells simultaneously along the NE-SW direction. Four cycles of steam injec-
tion have been completed and although prodiktion 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 began testing the primary production potential 
of Soars Lake with six new wells drilled in June 1991. 

In 1992 the project was transferred to Koch Exploration Canada. 

Project Cost $40 million 

SOLV-EX MINERALS FROM TAR SANDS RESEARCH - Solv-Ex AO&I'RA (T-593) 

Solv-Ex was originally organized for the purpose of developing a process to extract bitumen from oil sands. During the 1980s the 
company developed and continuously improved a patented process for bitumen extraction. A joint venture with Shell Canada 
Limited during 1987 and 1988 successfully processed approximately 1,000 tons of oil sands for bitumen recovery. 

Following the joint venture with Shell, Solv-Ex undertook a research and test program for commerical recovery of metals, primarily 
aluminum, titanium, and iron, from both oil sands and tailings in an effort to improve the overall economics of production opera-
tions. As a result of such efforts, the company has developed patented process technology which it believes can be used in commer-
cial operations for recovery of metals, either from tailings generated by others or From primary production of bitumen from the oil 
sands. 

During 1992 and 1993, the company modified its Albuquerque pilot plant to incorporate the latest improvements in its bitumen 
traction process process and to add a circuit For production of minerals From oil sands tailings. Following such work, the company con-
ducted a pilot program to demonstrate both bitumen extraction and production of minerals From oil sands and tailings. Ap-
proximately 100 tons of tailings and 100 tons of oil sands crude ore were processed during the program, all of which wre obtained 
from the Athabasca region. Work is continuing at the pilot plant, primarily for the purpose of testing further improvements which 
have been made in the process, confirming product purity and evaluating the possibility of producing upgraded products for 
specialty markets. 

The 1992-1993 pilot program was conducted with the assistance of the Alberta Oil Sands Technology and Research Authority, 
which committed to provide $300,000 for the program. The company believes the pilot program has been successful and is now 
directing its efforts towards establishing a commercial operation in the Athabasca region for production of bitumen and metals 
From existing tailings. 

STEEPBANK PILOT PROJECT - Chevron Canada Resources (T-600) 

Chevron Canada Resources has started a new - project utilizing the HASDrive (Heated Annulus Steam Drive) process to 
recover bitumen from the Athabasca Oil Sands. The pilot plant is located on Chevron's Steepbank oil sands lease located about 
30 miles northeast to Fort McMurray, Alberta, Canada. 

In the HASDrIve process, a horizontal wellbore is drilled into the oil sands formation. Steam is circulated in the cased wellbore 
thereby transferring heat into the oil sand. Two vertical injection wells are used to inject steam into the formation at points along 
the heated horizontal channel (annulus), driving the heated bitumen toward a production well placed between the injection wells. 

The pilot includes two steam injection wells, one producing well, one horizontal HASDrive well, six temperature observation wells 
and four croashole seismic wells.
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Operations commenced November 1, 1991 with steam circulation in the horizontal well. Steam injection and production were both 
under way by March 1992. The project operations were suspended in March 1993. 

Project Cost:	 112.7 million 

TACIUK PROCESSOR PILOT - AOSTRA and The UMA Group Ltd. (17-610) 

UMATAC Industrial Processes (UMATAC) of Calgary. Canada developed the AOSTRA Taciuk Process (AT?) technology which 
is a patented, unique, thermal desorption system for separating and extracting water and organics from host solids. It was 
developed as a dry, thermal process to produce oil from natural resource oil sands and oil shales. 

The technology is owned by the Alberta Oil Sands Technology and Research Authority (AOSTRA), which funded the development 
since 1977, investing approximately $25 million. UMATAC is the developer and supplier, and also the licensee for use of the AT? 
System in waste treatment applications. 

In 1992, AOS'I'RA convened an oil industry Task Force to re-assess the ATP for commercial production of oil from Alberta oil 
sand. The study included demonstration operation of a new, 5 tph capacity portable ATE plant operated by UMATAC in Calgary. 
Successful conclusions will lead to consideration of a large scale demonstration ATP plant installation in the Fort McMurray oil 
sands area of Alberta. 

UMATAC has completed preliminary design of a 250 tph capacity ATP Processor and associated plant for an oil shale develop-
ment project in Australia. Study and development of the AT? for this project included pilot scale testing of a 2,000 tonne bulk 
sample of oil shale shipped from Australia to the AT? pilot plant in Calgary. Testing was completed in 1987. This project is at the 
financing and final approvals stage, as of February 1994. 

The AT? is also suited for use in treating contaminated soils, sludges and wastes in environmental remediation work. Typical ap-
plications are: 

-	 Cleaning and recovering oil from wastes produced in oil field production and operations of oil refineries and 
petrochemical plants; 

-	 Clean up of soils or other materials which are contaminated with PCBs or other heavy organic compounds, such 
as coal tars and industrial chemicals. 

Organics and water are separated by anaerobic thermal desorption as vapors which are condensed to liquids in a second step of the 
system. The oil fraction is potentially recyclable, depending on the type of contaminant 

UMATAC supplies the AT? technology under license for use in waste treatment and also manufactures and supplies the AT? 
plant equipment The AT? has been used commercially on soils remediation in the United States since 1990 by the U.S. licensee, 
SoilTech AT? Systems, Inc. A 10 tph capacity plant has successfully completed PCB clean up of two Superfund sites, and is begin-
ning work on two others in 1993. 

Project Cost To Date: 	 C$24 million (AOSTRA) 

TANCILEFL&GS NORTH - Sceptre Resources limited and Murphy Oil Canada Ltd. (17-620) 

The project, located some 35 kilometers northeast of Uoydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Lloydminster region. 

The Tangleflags North Pilot Project is employing drilling methods similar to those used by Esso Resources Canada Ltd. in the Nor-
man Wells oil field of the Northwest Territories and at Cold Lake, Alberta. The combination of the S®-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangleflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan provided $3.8 million in funding under the terms of the Canada-Saskatchewan 
Heavy Oil Fossil Fuels Research Program. 

Estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gross produc-
tion rate of 6,2® barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot has advanced to the continuous steam injection phase. With one horizontal well and four vertical steam injec-
tion wells in place, the project was producing at rates in excess of I,) barrels of oil per day by mid 1990. Cumulative production 
to the middle of 1990 was 425,000 barrels. The expansion of the pilot project into a commercial operation involving up to 
14 horizontal wells will hinge on future etude oil prices.
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The strong performance of the initial well prompted Sceptre to initiate a project expansion which was completed during 1992. For 
this purpose a second horizontal producer well and an additional vertical injector well were drilled in the fourth quarter of 1990. 
Facilities welt expanded to generate morn steam and handle increased production volumes in early 1991. During 1992, two steam 
injectors were added and a third steam generator was brought into service. A peak project rate of 2,800 barrels per day was 
achieved in January 1993, and cumulative oil production reached 2,257 million barrels. As of mid-February 1993, an additional 
steam injector and another horizontal well had been drilled. The project now includes three horizontal producers and eight vertical 
steam injectors. 

Project Cost: $13 million invested to 1993 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (17-630) 

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 Lwow 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, Imperial Oil Ltd., Conoco Canada Limited, Suncor, Inc., Petro-
Canada Inc., Shell Canada Ltd., Amoco Canada Petroleum Company, Ltd., )apex Oil Sands Ltd., China National Petroleum Corporation 
(T-650) 

The Underground Test Facility (UTE) was constructed by AOSTEA during 1984-1987, for the purpose of testing novel in situ 
recovery technologies based on horizontal wells, in the Athabasca oil sands. The facility is located 70 kilometers northwest of Fort 
McMurray, and consists of two access/ventilation shafts, three meters in diameter and 185 meters deep, plus a network of tunnels 
driven in the Devonian limestone that underlies the McMurray pay. A custom drilling system has been developed to drill wells up-
ward from the tunnels, starting at a shallow angle, and then horizontally through the pay, to lengths of up to 600 meters. 

Two processes were selected for initial testing. steam assisted gravity drainage (SAGD), and Chevron's proprietary 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 600 meters and 
70 meter spacing between pairs. Each well pair consists of a producer placed near the base of the pay, and an injector about 
5 meters above the producer. All six wells were successfully drilled in 1990/1991. The contractual obligations for Phase B opera-
tions will be completed by 1994. It is expected that Phase B will continue operation until 1996. Phase A produced over 
130,000 barrels of bitumen. 

Phase B steaming commenced in September 1991, then was shut-in temporarily to construct larger facilities, Production was 
started up in early 1993. A decision regarding expansion to commercial production will be made after evaluation. Two thousand 
barrels per day of bitumen are expected to be produced by this method. During June 1993, one well, BP-2, averaged 630 barrels 
per day.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1994) 

R & D PROJECTS (Continued) 

AOSTRA states that this new method of bitumen production is a major technological breakthrough and that bitumen may even-
tually be produced for under C$7 per barrel, which would be less costly than most current in situ bitumen production. 

In 1992 an agreement was reached with Syncrude Canada to process up to 2,000 barrels per day of bitumen through Syncrude's 
nearby upgrading facilities. 

Project Cost:	 $150 million
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor Last Appearance in SPIt 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. September 1989-,page 3-9 

Asphalt Ridge Tar Sands Pilot Sohio December 1986; page 3-51 

Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 
Mobil 
University of Utah 

Athabasca Project Shell Canada Limited September 1988; page 3-50 
Solv-Ex Corp. 

Beaver Crossing Thermal Recovery Pilot Chevron Canada Resources December 1988; page 3-67 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Burnt Lake Suncor December 1986; page 343 

BVI Cold Lake Pilot AOSTRA 
Bow Valley Industries, Ltd. March 1991; page 3-44 

California Tar Sands Development Project California Tar Sands Development Company September 1989; page 3-42 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

CANMET Hydrocraeking Process Petro-Canada March 1992; page 3-50 
SNC-Lavalin, Inc. 

Canstar Nova March 1987; page 3-29 
Petro-Canada	 - 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor June 1987; page 3-55 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparraa Oil Company March 1985; page 342 

Charlotte Lake Project Canadian Worldwide Energy Ltd. September 1988; page 3-61 

Chemeth Project Chemech December 1985; page 3-51
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STATUS OF OIL SANDS PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Chetopa Project EOR Petroleum Company 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources 

Deepsteam Project Sandia Laboratories 
United States Department of Energy 

Enpex Syntaro Project Enpex Corporation 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project Falcon Sciences, Inc. 

Fostern N. W. In Situ Wet Combustion Mobil Oil Canada, Ltd. 

Grossmont Thermal Recovery Project Unocal Canada Ltd. 

HOP Kern River Commercial Ladd Petroleum Corporation 
Development Project 

Ipiaitk Last Project Alberta Energy Company

 1983; page 3-59 

December 1979 page 3-31 

March 1984; page 3-41 

March 1989; page 3-63 

December 1985; page 3-38 

December 1989; page 3-

December 1988; page 3-71 

June 1985; page 3-51 

March 1992; page 3-54 

Ipiatik Lake Project 

Jet Leaching Project 

Kenoco Project 

Kentucky Tar Sands Project 

Lloydminster Fireflood 

Manatokan Project 

Marguerite Lake 'B' Unit 

Meota Steam Drive Project 

Mine-Assisted In Situ Project 

MRL Solvent Process 

Muriel Lake 

North Kinsella Heavy Oil

Amoco Canada Petroleum Company, Ltd. 
Deminex Canada 

Alberta Energy Company and 
Petit-Canada 

1W Resources Canada Ltd. 

Kenoco 

Texas Gas Development 

Murphy Oil Company, Ltd. 

Canada Cities Service 
Westcoast Petroleum 

AOSTRA 
BP Resources Canada 
Petro-Canada 

Conterra Energy Ltd 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Canada Cities Service 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Pet ro-Ca nada 

C &A Companies 
Minerals Research Ltd. 

Canadian Worldwide Energy 

Petit-Canada

December 1986; page 3-63 

June 1991; page 3-57 

December 1991; page 3-52 

June 1985; page 3-52 

December 1983; page 3-63 

September 1982; page 3-43 

December 1988; page 3-72 

June 1987; page 3-60 

December 1983; page 3-64 

March 1983; page 341 

June 1987; page 3-61 

June 1985; page 3.-58 
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STATUS OF OIL SANDS PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

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 
Noreen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

RAPAD Bitumen Upgrading Research Association for Petroleum Alternatives December 1991; page 3-55 

Ras Gharib Thermal Pilot General Petroleum Company of Egypt March 1990; page 3-54 

Resdcln Project Gulf Canada Resources Inc. March 1983; page 3-43 

It F. Heating Project ITT Research Institute March 1983; page 3-43 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

WEE Pilot Project WEE Oil Sands (Alberta) Ltd. March 1991; page 3-53 

Sandalta Gulf Canada Resources Ltd. March 1992; page 3-58 
Home Oil Company, Ltd. 
Mobil Oil Canada Ltd. 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project 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 Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources September 1988; page 3-70 
Petro Canada 

IIX)" 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 INTERESFS

Company or Organization Project Name 

Alberta Energy Company Burnt Lake Project 3-36 
Caribou Lake Pilot Project 348 
Primrose Lake Commercial Project 3-42 
Syncrude Canada Ltd. 3-45 

Alberta Oil Sands Equity Oslo Project 3-41 
Syncrude Canada Ltd. 345 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-47 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-49 

GLISP Project 3-50 
Provost Upper Mannville Heavy Oil Steam Pilot 3-54 
SoW-Er Minerals From Tar Sands 3-54 
Taciuk Processor Pilot 3-56 
Underground Test Facility Project 3-57 

Amoco Canada Petroleum Company, Ltd. Elk Point 3-38 
CUSP Project 3-50 
Lindbergh Commercial Project 3-39 
Lindbergh Thermal Project 3-51 
Morgan Combination Thermal Drive Project 3-52 
Primrose Lake Commercial Project 3-42 
Underground Test Facility 3-57 
Wolf Lake Project 3-46 

Amoco Production Company Sunnyside Project 3-43 

Buenaventura Resource Corp. Buenaventura Cold Process Pilot 3-47 

Canada Centre For Mineral & Energy Underground Test Facility 3-57 
Technology 

Canadian Hunter Exploration Burnt Lake Project 3-36 

Canadian Occidental Petroleum, Ltd. Eyehill In Situ Combustion Project 3-49 
Hangingstone Project	 . 3-50 
Oslo Project 3-41 
Provost Upper Mannville Heavy Oil Steam Pilot 3-54 
Syncn.de Canada Ltd. 345 

Canadian Worldwide Energy Corp. Fort Kent Thermal Project 3-50 

CANMEI' Underground Test Facility 3-57 

C-H Synfuels Ltd. C-H Synfuels Dredging Project 3-48 

Chevron Canada Resources Ltd. Steepbank HASDrive Pilot Project 3-55 
Underground Test Facility 3-57 

China National Petroleum Corporation Underground Test Facility 3-57 

Conoco Canada Ltd. Underground Test Facility 3-57 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgrader 3-40 

CS Resources Eyehill In Situ Combustion Project 3-49 
Pelican-Wabasca Project 3-53 
Pelican Lake Project 3-53 

Devran Petroleum Ltd. Pelican Lake Project 3-53 

Electromagnetic Oil Recovery Inc. Electromagnetic Well Stimulation Process 3-37
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTEREST'S (Continued)

Company or Organization Proiect Name 

Enercor PR Spring Project 3-54 

GNC Energy Corporation Sunny-side Tar Sands Project 3-44 

Greenwich Oil Corporation Forest Hill Project 3-39 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-49 
Oslo Project 3-41 
Syncrude Canada Ltd. 3-45 

HBOG Oil Sands Partnership 	 - Syncrude Canada Ltd. 3-45 

Hudson's Bay Oil and Gas Barroom In Situ Wet Combustion Project 3-47 

Husky Oil Operations, Ltd. Athabasca In Situ Pilot Project 3-47 
Bi-Provincial Upgradcr 3-35 
Caribou Lake Pilot Project 3-48 

Imperial Resources Oil Ltd. Athabasca In Situ Pilot Project 3-47 
Cold Lake Project 3-36 
Hanging Stone Project 3-50 
Imperial Cold Lake Pilot Projects 3-51 
Oslo Project 3-41 
Provost Upper Mannville Heavy Oil Steam Pilot 3-54 
Syncrude Canada Ltd. 
Underground Test Facility 3-57 

James W. Bunger and Assoc. Inc. Asphalt From Tar Sands 3-35 

Japan Canadian Oil Sands Ltd. Hangintone Project 3-50 

Japax Oil Sands Ltd. Underground Test Facility 3-57 

Kirkwood Oil and On Company Circle Cliffs Project 3-48 
Tar Sand Triangle 3-57 

Koch Exploration Canada Fort Kent Thermal Project 3-50 
Soars Lake Heavy Oil Pilot 3-55 

L'Association pour In Valorization Donor Refined Bitumen Process 349 
des Huiles Lourdes (ASVAHL) 

Maraven Orinoco Belt Steam Soak Pilot 3-52 

Mitsubishi Oil Company Syncrude Canada Ltd. 3-45 

Mobil Oil Canada Ltd. Battn,m In Situ Wet Combustion Project 3-47 
Celtic Heavy Oil Pilot Project 3-48 
Cold Lake Steam Stimulation Program 3-49 
Iron River Pilot Project 3-51 

Murphy Oil Canada Ltd. Eyehill In Situ Combustion Project 3-49 
Lindbergh Commercial Thermal Recovery Project 3-39 
Lindbergh Steam Project 3-51 
Provost Upper Mannville Heavy Oil Steam Pilot 3-54 
Tangleflags North	 - 3-56 

Ncwcrade Energy Inc. Newflrade Heavy Oil Upgrader 3-40 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-54 

Ontario Energy Resources Ltd. Suncor, Inc. Oil Sands Group 3-43
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS (Continued)

Company or Organization Project Name 

PanCanadian Petroleum Elk Point Oil Sands Project 3-38 
Oslo Project 3-41 
Syncrude Canada Ltd. 3-45 

Petro-Canada Daphne Project 3-37 
Hangingstone Project 3-50 
Oslo Project 3-41 
Syncnide Canada Ltd. 3-45 
Underground Test Facility 3-57 

Petroleos de Venezuela SA Orimulsion Project 340 

Saskatchewan Government NewGrade Heavy Oil Upgrader 340 

Saskoil Battnim In Situ Wet Combustion Project 3-47 

Sceptre Resources Ltd. TangJellags North 3-56 

Shell Canada, Ltd. Peace River Complex 3-41 
Scotford Synthetic Crude Refinery 3-42 
Underground Test Facility 3-51 

Solv-Ex Corporation Bitumount Project 3-35 
PR Spring Project 3-54 
SoIv-Ex Minerals from Tar Sands 3-55 

Succor, Inc. Burnt Lake Project 3-36 
Suncor, Inc. Oil Sands Group 3-43 
Underground Test Facility 3-57 

Sun Company, Inc. Suncor, Inc. Oil Sands Group 3-43 

Synco Energy Corporation Synco Sunnyside Project 3-44 

Texaco Canada Petroleum Frog Lake Project 3-50 

Texaco Inc. Diatomaccous Earth Project 3-37 

Three Star Drilling and Producing Corp. Three Star Oil Mining Project 3-45 

Uentech Corporation Electromagnetic Well Stimulation Process 3-37 

Underwood McLellan & Associates Taciuk Processor Pilot 3-56 
(UMA Group) 

Unocal Canada, I.A. Battn,m In Situ Wet Combustion Project 3-47 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-46 

Veba Ccl AG Oiimulsion Project 3-40
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PROJECT ACTIVITIES 

BENEFICIATED COAL-WATER SLURRY PLANT 
STARTED UP IN ITALY 

The Porto Tones integrated BCWF (Beneficiated 
Coal-Water Fuel) plant in Italy has begun industrial 
operation; startup took place in June 1993, commenc-
ing with the CWF production section. 

The program then proceeded with the startup of the 
pipeline transport section and Enichem's boiler. After 
the initial tuning of the CWF production and combus-
tion sections, the coal beneficiation section was put 
into operation. 

The operating activities are currently continuing, with 
full operation of the integrated plant (beneficiation, 
production, combustion) scheduled by the summer of 
1994. The integrated BCWF plant, with a capacity of 
500,000 tons per year of beneficiated coal-water fuel, is 
located inside Enichem's petrochemical complex at 
Porto Torres. It represents the first complete applica-
tion of the full technological cycle covering the produc-
tion and use of low-sulfur and low-ash content coal-
water fuels in Italy. 

The technological research, design and construction of 
the plants have been undertaken by Snamprogetti on 
behalf of the Italian National Energy Agency with the 
financial support of the Southern Italian Development 
Board. 

A paper by E. Ercolani and U. Tiberio, of 
Snamprogetti, S.p.A., describes the main technical fea-
tures of the plants, gives an overview of the startup ac-
tivities and presents the initial operating experiences 
and the results so far achieved. The paper was 
presented at the 19th International Technical Con-
ference on Coal Utilization and Fuel Systems, held in 
Clearwater, Florida in March. 

The plant consists of the following sections: 

- The coal beneficiation section uses a mixed 
process combining heavy-medium separation 
with selective oil agglomeration. 

- The ECVtP/CWF production section, where 
slurry fuel from coal for direct utilization in 
the boiler is prepared, runs the Snamprogetti 
Reocarb BCWF process.

The BCWF/CWF combustion section uses an 
industrial steam boiler, originally designed for 
oil-gas fuel, converted to BCWF/CWF com-
bustion. 

- The storage, transport and ship loading sys-
tem comprises a series of tanks and two 
separate pipelines for the distribution of 
BCWF/CWF to the ship loading wharf or to 
the Enichem boiler. 

A waste-water treatment plant is also in-
cluded. 

Data on these sections are presented in Table L 

Maximum flexibility has been built into the plant to 
enable the processing of coals with differing charac-
teristics. 

Two different operating modes are possible: 

Basic Mode--in-series operation of the 
beneficiation plant and slurry preparation 
plant for the production of BCWF 

By-pass Mode--operation of the slurry 
preparation plant alone with coal by-passing 
the beneficiation plant 

This second operating mode is used in the processing 
of coal with low-ash and low-sulfur contents for the 
production of non-bcneficiated CWF slurry. 

Coal Beneficiation 

The plant used for coal beneficiation and the reduction 
of mineral content is an integrated system comprising 
two treatment sections operating on different prin-
ciples. 

The first section uses the HMS (Heavy-Medium 
Separation) process and works on the principle of 
gravity separation, using the different densities of the 
minerals and carbon components in coal. This system 
provides efficient treatment for fractions between 03 
and 30 millimeters in size. 

The second section uses the OA (Oil Agglomeration) 
process. This process is based on the principle of ag -
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TABLE I

MAIN CHARACTERISTICS OF THE PLANT SECTIONS 

Coal Stockpile 
Storage Capacity
	 60,000 

Coal Beneflciation 
Capacity 
Process 
Coal Type 

Specific Capacity 

BCWF/CWF Production 
Capacity 
Process 
Coal Type 
Production Line 
Number of Mills for Production Line

350,000 t/y of Beneficiated Coal 
11145 and OA 
Fossil Coal (Presently Colombian and 
Venezuelan Coals) 
45 t/h (HMS) and 5 t/h (OA) 

500,000 t/y of BCWF/CWF 
Snainprogetti's Reocarb 
Fossil Coal (as Received or Beneficiated) 
1 
1 Ball Mill (2,700 kW) and 1 Rod Mill 
(1,300 kW) 

BCWF/CWF Storage and Ship Loading 
Storage Capacity	 13,500 m3 
Pipeline for Transfer to Loading Wharf 	 16" x 2 00 m 
Flow Rate	 350 m fIt 
Pipeline for Transfer to Boiler 	 10"x 2,000 m 
Flow Rate	 70 m3/h 

Boiler 
Type
	

Radiant 
Capacity
	 300 t/h of Steam 

Number of Burners	 6 (Peabody-Holmes) 
Burner Capacity
	 5,000 kg/h of BCWF/CWF 

glomeration of the carbon component as a result of the 
different surface properties of the different com-
ponents in coal. This system efficiently treats fractions 
below 0.5 millimeters in size. 

The combination of these two processes allows all frac-
tions of the crushed coal to be successfully treated, 
thus minimizing waste fines. 

Coal-Water Fuel Production 

The technology used for CWF production is based on 
bimodal grain size distribution of coal particles. The 
process involves the production of mixtures in two 
stages using a micronizing ball mill and a finishing rod 
mill.

When operating in basic mode, the micronizing mill is 
fed with process water, fluidizing agent in a water solu-
tion, stabilizing agent, the slurry stream of beneficiated 
coal from the OA section and part of the coal 
beneficiated in the HMS section, previously crushed in 
a hammer mill to a grain size of 0 to 3 millimeters. 

The slurry that leaves the micronizing mill, carrying 
coal with particle sizes of 0 to 30 microns (the fine frac-
tion of the bimodal distribution), is fed to the finishing 
mill. The finishing mill also receives the remaining 
part of the coal beneficiated in the HMS section and 
precrushed in the hammer mill. This second, finishing 
stage of milling produces the final CWF product, 
which reaches the specified grain size distribution and 
final concentration. 
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The CWF is then forwarded to the storage section. 
The CWF production section is sized to give a poten-
tial output of 350,000 tons per year dry beneficiated 
coal, corresponding to 500,000 tons per year of BCWF.

Operation 

The startup of the integrated BCWF/CWF plant is 
proceeding with the setting up of the various sections 
in the following sequence: 

The plant is also capable of producing CWF mixtures 
from untreated coal, by-passing the beneficiation plant. 

The Boiler 

The boiler used for combustion of the BCWF is a 
radiant heat-type boiler originally designed for oil and 
gas fuels. It has a potential of 300 tons per hour of 
steam at 108 bar and 520°C and a rated power of 
70 megawatts. Following conversion to BCWF, derat-
ing to a residual production of 240 tons per hour steam 
is to be expected. 

The combustion system consists of six Peabody-
Holmes front-on burners with internal mixing type 
atomizers, with a capacity of 5,000 kilograms per hour 
BCWF each. The expected combustion efficiency is 
98.5 percent (carbon conversion). 

Control and Treatment of Emuents and Waste 

A blow-down system gathers all pentane fumes coming 
from the pentane used as agglomerating agent in the 
OA section. 

Individual dust abatement, capture and blanketing sys- 
tems are provided for all equipment dealing with dry 
coal. 

Rain water, piping and equipment washing water, and 
continuous and intermittent liquid discharges are col-
lected, stored and treated according to the type and 
quantity of pollutant they contain. These streams can 
later be returned to the process for reuse. When dis-
posal is necessary, waste waters are sent to the local 
treatment plant and, after final treatment, are returned 
to the environment. 

Sludge produced in the chemical-physical treatment of 
liquid outputs, tailings from the beneficiation section 
and ash produced in BCWF combustion are stored 
temporarily in the areas where they are produced and 
are subsequently sent for controlled disposal.

- CWF preparation plant 
- Pipeline for the transfer of CWF 
- Industrial steam boiler 
- Coal beneficiation plant 

The final objective is to operate all the sections simul-
taneously. 

In June 1993, the CWF production plant was started 
up by-passing the beneficiation plant (by-pass mode of 
operation), followed by the CWF transfer system and 
the boiler. Startup of the beneficiation section com-
menced in February 1994. 

As has been stated before, full operation is expected in 
the summer of 1994. Nevertheless, the first operating 
period using Venezuelan coal demonstrates significant 
results that were summarized by the authors as fol-
lows:

It is possible to produce mixtures having the 
same characteristics as formulated in the 
laboratory, confirming the efficiency and 
reliability of the production process. 

Combustion of the mixture is simple and effi-
cient. 

Boiler performance is within estimated values. 

Operation of the complete system has entered 
the commercial phase. 

COAL-WATER MIXTURE FACILITY COMPLETES 
FIRST YEAR OF OPERATION IN JAPAN 

Tokyo Electric Power Company, Tohoku Electric 
Power Company and Japan COM Company con-
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structed a Coal-Water Mixture (CWM) production 
plant at Japan COM Company's Onahama factory. 
The purpose of this plant was the introduction of 
70,000 tons of CWM annually to the Nalcoso Power Sta-
tion (Johan Joint Power Company). About 
363,500 tons of CWM was supplied during the period 
February 1988 to the end of 1992. Through the 
development of large-scale CWM production technol-
ogy and improvement of the facilities, steady progress 
toward CWM commercialization has been made. 

For the large-scale introduction of 500,000 tons CWM 
annually to the Nakoso Power Station, the companies 
decided to construct a new CWM production plant at 
Japan COM Company's Onahama factory and to in-
stall a 9-kilometer pipeline to the power station. 

The CWM production system employs a highly loaded 
wet grinding system of simple design, and the construc-
tion of the whole plant is simplified to reduce installa-
tion costs. An overall process flow diagram is shown 
in Figure 1. 

Commercial operation of the plant began in June 1993. 
The total amount of CWM delivered during the period

June 1993 through January 1994 reached over 
320,000 tons. Both the stable supply of CWM with 
higher quality and better combustion characteristics at 
the powerplant have been verified through this period. 
The new facilities and the operating experiences were 
described by Y. Ishibashi, et al., in a paper presented 
at the 19th international Technical Conference on 
Coal Utilization and Fuel Systems, held in Clearwater, 
Florida in March. 

CWM Production and Transportation 

The new CWM production plant is constructed ad-
jacent to the COM production plant in the Onahama 
factory, and consists of two units (No.3 and 4) with 50-
ton per hour capacity each. Both units basically adopt 
a highly loaded wet grinding system. 

The CWM leaving both units is merged together and 
fed to a 1,000-cubic meter product CWM tank. 

The CWM transfer facilities consist of a screw pump, a 
strainer and a 9-kilometer pipeline with diameters of 
350 millimeters and 400 millimeters. The pipeline is 
designed for a future increase in CWM flow. 

FIGURE 1 

CWM PRODUCTION AND TRANSPORTATION PROCESS 
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Operating Experience 

The production and delivery of CWM have been 
smooth, said Isbibashi, et al., reaching a cumulative 
320,000 tons by the end of January. Thus, the planned 
figure of 400,000 tons for fiscal year 1993 seems pos-
sible. 

Properties of CWM from both units satisfy the 
customer's requirements, although there is a small dif-
ference in particle size distribution due to differing 
designs between the two ball mills units. See Table 1 
for a listing of CWM properties. 

Analysis of CWM sampled from both the inlet and out-
let of the transfer pipeline indicated no noticeable 
changes in coal concentration, particle size distribution 
or stability of the CWM, but there was a small 
decrease in viscosity through the transfer process. 

Future Work 

Enhancement Qi CWM Economv-.Although the 
capacity of the production unit is increased from 
15 tons per hour to 50 tons per hour, it is necessary to 
investigate further increases in unit capacity, aiming at 
enhancement of both economy of the CWM and the 
effective utilization of siting space.

Investigation pf Automatic Qualit y Control--
Investigation of automatic quality control is necessary 
because at present, quality control of CWM properties 
is done primarily manually. This is due to the deficient 
reliability of automatic monitoring instruments. 

Conclusions 

CWM has the following advantages compared with con-
ventional coal firing: 

- Large-scale port facilities, unloading, storage 
and conveying facilities at the consumer's site 
are not necessary. 

- The coal slurry can be easily handled in 
storage, transport and combustion. 

- Pulverized coal combustion facilities are not 
necessary at the powerplant. 

- Good load-following capability can be easily 
obtained. 

GREAT PLAINS DECIDES ON AMMONIA-BASED 
Enhancement Qf CWM Quality--The CWM has to	 SCRUBBER 
meet quality requirements for storage, transportation 
and combustion. Accordingly, the authors quantita- 	 A scrubber system that would produce fertilizer as a 
tively investigate the CWM properties influencing	 byproduct has been selected for the Great Plains Syn-
these characteristics, 	 fuels Plant near Beulah, North Dakota. 

TABLE 1

PROPERTIES OF PRODUCI' CWM

Item Requirement Unit No. 3 Unit No. 4 

Coal Concentration >66.0 wt% 67.7 wt% 67.9 wt% 
Particle Size 

321 >99.Owt% 99.8 wt% 100.0 wt% 
1001 >94.0wt% 94.8 wt% 96.9 wt% 

Viscosity(10011) 900 't-300cp 1.040cp 990 c 
(25°C) 

Additive Concentration <0.45 wt% 0.4 wt% 0.4 wt%
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Dakota Gasification Company (DCC) has approved a 
scrubber system that would use anhydrous ammonia 
instead of limestone as the reagent in the system. 
Using anhydrous ammonia would produce ammonium 
sulfate, a fertilizer that has a good market. 

Approval is contingent on DGC's ability to work out a 
performance contract with the manufacturer and con-
currence by the North Dakota Health Department. If 
that does not occur, directors approved going ahead 
with a wet scrubber using limestone. 

A limestone system costs about $10 million less ini-
tially, but the cost for the limestone over 20 years 
would be $200 million. In a scrubber using anhydrous 
ammonia, the We of ammonium sulfate should offset 
the cost of the reagent. 

A recent DCC study shows there is a market for about 
816,000 tons of ammonium sulfate a year in the North-
ern United States and Canada. DCC is expected to 
produce 183,000 tons annually. 

The scrubbers for the main stack and coal-lock vents at 
the plant are projected to cost $90 million. 

The scrubbers are part of the permit issued in 
March 1993 by the State Health Department for reduc-
ing sulfur dioxide emissions at the plant. The coal-lock 
vent scrubbers must be operating within 2 years and 
the main stack scrubber in 4 years. 

PINON PINE ANNUAL REPORT REVIEWS 
1993 ACCOMPLISHMENTS 

In January, the Sierra Pacific Power Company 
(SPPCo) published an annual report to present the 
status of the Pinon Pine Power Project (see Figure 1 
for location), a nominal 95-megawatt (net) integrated 
gasification combined-cycle powerplant addition to the 
SPPCo system. This project will also serve as a 
demonstration project cost-shared by the United 
States Department of Energy (DOE) and SPPCo un-
der DOE's Clean Coal Technology Program. 

Several activities took place during the reporting 
period (August 1992 through December 1993), includ-
ing laboratory testing, process work, engineering and 
environmental/permitting activities.

FIGURE 1 

LOCATION OF PINON PINE

PROJECT 
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The Gasifier Island heat and material balances for the 
Base Operating Case, Maximum Coal Throughput 
Case and 60 percent Turndown Case were completed 
along with the utility consumption (steam, water and 
power) for all three process cases. 

Laboratory Testing 

Coal reactivity tests were performed using a ther-
mogravimetric analyzer and char prepared from 
SUFCO coal. Char prepared in the presence of lime-
stone was also used. 

Ash melting points were determined by using a hot-
stage microscope. Ash samples were prepared with 
SUFCO coal and SIJFCO coal with limestone. 

Fluidization tests were conducted in a cold-flow model 
unit using 22-weight percent coal char without lime-
stone and coal char containing 20-weight percent cal-
cium oxide at three superficial velocity versus complete 
fluidization velocity ratios to establish the magnitude 
of reduction in fines elutriation due to addition of lime-
stone to the gasifier. 

Testing of zinc ferrite and zinc titanate as candidates 
for the sulfur sorbent in the hot-gas cleanup system 
were conducted. Zinc ferrite displayed a tendency to 
break up after repeated regenerations. Zinc titanate 
initially demonstrated encouraging results, but it also 
began to display a tendency to decrepitate. 

Testing to evaluate the use of zinc-based sorbent in 
desulfurization of the fuel gas from the gasifier was 
completed. Although the absorption capacity was ob-
served to decline as the test runs proceeded, the reduc-
tion in capacity tended toward stabilizing within accept-
able limits when the testing ended. The process design 
work is proceeding based on utilizing the zinc-based 
sorbent for fuel gas desulfurization with dry regenera-
tion. 

Process 

Gasifier mapping work was started to develop an 
operating envelope for the Kellogg-Rust-Westinghouse 
gasifier with SIJFCO coal feed and local limestone. 
Several computer runs were made with in-house 
gasifier design programs considering the gasifier 
operating temperature, carbon conversion, fuel gas 
lower heating value and the gasifier volume. 

While the mapping work was in progress, the 
laboratory coal reactivity tests confirmed that SUFCO 
coal relative reactivity was actually slightly better than 
the proposal value, which validated the proposal 
design.

The plant thermodynamic model was completed based 
on gasifier island heat and material balances and the 
gas turbine generator performance data. The steam 
turbine generator throttle steam pressure and tempera-
ture were evaluated. Seven pressure/temperature con-
ditions were studied, ranging from 900 psia/9000F to 
1,500 psig/1,000°F. Based on these evaluations, which 
included estimated equipment costs and turbine gener-
ator output, 950 psia/950°F was selected as the 
throttle pressure/temperature. 

An economic analysis of potential cooling methods for 
the plant was completed. These studies covered sys-
tems ranging from the use of a cooling pond, cooling 
pond with supplemental cooling tower, stand-alone 
cooling tower, spray pond, wet-dry cooling tower and 
air-cooled condenser with auxiliary cooling tower. 
Based upon these studies, including the preparation of 
order-of-magnitude estimates, the selection of a con-
ventional cooling tower utilizing a closed-loop cooling 
water system and surface condenser was recom-
mended. 

Engineering 

The purchase contract for the General Electric 
Frame 6FA gas turbine generator was executed, in-
clusive of full authorization to proceed with engineer-
ing. Preparation of the project job specifications was 
also under way. 

The requisition and specifications for the site survey 
and geotechnical investigation were completed and 
issued For inquiry. 

Environmental/Permitting Activities 

SPPCo and its contractors provided DOE technical 
reports in support of DOE's preparation of the En-
vironmental Impact Statement. These reports covered 
the following subjects: 

Air quality 
Water resources 
Solid and hazardous wastes 
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- Cultural resources 
- Sociocconomics 
- Biological resources 
- Health, safety and noise 
- Geology, solids and seismicity 
- Visual resources 

Also prepared in this effort was a technical description 
of the plant. 

The Prevention of Significant Deterioration permit 
application was filed with the State of Nevada. It is 
complete with the exception of the incorporation of 
additional meteorological data currently being 
gathered at the Tracy Plant site. 

SPPCo has completed the presentation of its 
1993 Electric Resource Plan to the Public Service Com-
mission of Nevada (PSCN). The PSCN issued an In-
terim Opinion and Order giving SPPCo approval to 
proceed with the Pinon Pine Project. 

LAWSUIT OVER PRICE FOR GREAT PLAINS 
SYNTHETIC PIPELINE GAS IS SETTLED 

In April, Dakota Gasification Company (DCC) an-
nounced that it has reached an out-of-court settlement 
of a lawsuit against four pipeline companies. 

The settlement resolves a dispute over the existing gas 
contracts with the pipeline companies, which purchase 
the natural gas produced by the plant located near 
Beulah, North Dakota. 

Settlement talks had been ongoing for over 1 year in 
connection with the lawsuit filed by DGC and the 
United States Department of Energy (DOE) against 
the pipelines in 1990 over disputes concerning price, 
output and transportation charges. A trial in the case 
had been scheduled for October 1994. 

The pipeline companies, all of which are affiliates of 
the original owners of the gasification plant, are ANR 
Pipeline Company, Natural Gas Pipeline Company of 
America, Tennessee Gas Pipeline Company and 
Transcontinental Gas Pipe Line Corporation.

Under the settlement, which is subject to the approval 
of the Federal Energy Regulatory Commission 
(FERC), the pipeline companies have agreed to: 

Reimburse DCC immediately about 
$37 million for past underpayments for 
natural gas and transportation 

- Pay DCC the market price for its gas based 
on delivery to Northern Border Pipeline 

- Make "demand" payments of approximately 
$6 million per month to DGC, in addition to 
the market price, over a 7-year period 

The "demand" payments have a total present-day value 
of approximately $360 million. Once these monthly 
payments have been made, DCC will only be paid the 
market price through the remaining term of the gas 
purchase agreements, which expire on July 31, 2009. 

As part of the settlement, DCC has agreed to use its 
best efforts to continue operating the synfuels plant 
and produce natural gas. If DCC should end gas 
production, the pipelines are no longer required to con-
tinue their monthly "demand" payments, according to 
the settlement. 

In a separate settlement between DCC and DOE, the 
provisions include: 

Payment of $25 million by DCC to DOE over 
a 7-year period 

Reduction from $75 million to $25 million in 
the reserve account set up by DOE when 
DCC purchased the plant, and further reduc-
tions to the point that it will eventually be 
zeroed out as each pipeline receives final ap-
proval of the settlement from FERC 

- Continuation of the revenue-sharing arrange-
ment with DOE through the life of the gas pur-
chase agreements, providing the federal 
government with the potential of sharing 
revenue from the sale of natural gas 

For the next 10 years beginning January 1, the federal 
government receives all of the revenue from natural 
gas sales above a contractually specified contract cost 
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of production. Following this 10-year period, natural 
gas revenue above the contract cost of production will 
be split evenly between DGC and the federal govern-
ment. These contract production costs values were 
lowered as part of the settlement. 

The sale of byproducts is expected to reduce DGC's 
dependence on natural gas sales. DGC noted that 
byproduct sales have nearly quadrupled since DGC 
began operating the plant, reaching $16.9 million in 
1993. Sales are expected to reach nearly $20 million in 
1994. 

OPERATIONS AND ENHANCEMENTS AT 
DESTEC'S 160-MEGAWATT GASIFICATION 
FACILITY UPDATED 

In April 1987, The Dow Chemical Company commis-
sioned and began operation of the world's largest coal 
gasification combined-cycle plant, called Louisiana 
Gasification Technology, Incorporated (LGTI). The 
plant, which is owned and operated by Destec Energy, 
Inc., a Dow affiliate, converts nominally 2,400 tons per 
day of subbituminous coal and 1,500 tons per day of 
oxygen into 30 billion BTU per day of syngas. This syn-
gas fuels two Westinghouse W501 D5 combustion tur-
bines in Dow's combined-cycle power generation 
facility (nominally 160 megawatts of electricity). The 
LGTI gasifier capacity, operating on bituminous coal 
or petroleum coke, could fuel a 230-megawatt state-of-
the-art combined-cycle plant with syngas and steam. 
Dow uses this power at its chemical manufacturing 
complex in Plaquemine, Louisiana. 

Availability and reliability of the facility have steadily 
improved during the past several years; however, 
notable improvements have been made recently. 
These have resulted from: 

- Installation and operation of improved coal 
slurry burners (mixers) 

- Operation of a redesigned fire tube boiler for 
improved process availability and enhanced 
performance 

Conversion to planned quarterly maintenance 
periods

- Installation and operation of a dry char par-
ticulate removal and recycle system 

Operational and performance enhancements for the 
period 1987-1993 were reported by R. Maurer and 
G. LeBlanc in a paper presented at Power-Gen '93 
Americas, held in Dallas, Texas in November. 

Operation Enhancements 

Construction of the LGTI plant was completed in 
21 months with initial syngas production established in 
April 1987. Operation since that time has continuously 
improved in terms of plant availability and capacity. 

Major installations and modifications impacting 
production recently include a new redesigned boiler 
unit in the second quarter of 1992- Operational ex-
perience with the original boiler indicated the need for 
improved heat transfer design and materials of con-
struction. Improvements since installation of the new 
boiler have been primarily focused on managing con-
trol of syngas inlet to the unit. The redesigned 
economizer has performed well since its installation in 
the summer of 1993. The boiler system is currently 
causing approximately 10 percent of the plant's un-
planned production loss, reduced significantly from the 
initial years of plant operation. 

Progress continues with the development and opera-
tion of the main coal slurry burners. Positive results 
are being achieved with an improved prototype burner. 
Major achievements have been realized through 
simplification of the burner design. Failure of a main 
slurry burner has not forced an outage in 1993 and 
resulted in only one forced outage in 1992. Multiple, 
annual outages occurred due to main burner failure 
the first years of plant operation. 

Facility Enhancements/Maintenance Management 

During the fourth quarter of 1992, a maintenance 
schedule was implemented. This change was made pos-
sible by the maturity of the plant and accumulation of 
data regarding equipment repair and replacement and 
time between failures. Previously, maintenance of the 
plant was performed when a key piece of process equip-
ment failed, forcing the plant into an outage. The ob-
jective was to position the plant for an extended opera-
tional period upon completion of the required main-
tenance.
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Beginning in 1993, scheduled quarterly outages were 
planned and executed to insure that key pieces of 
equipment would not be operated to failure. The in-
tent is to ensure that the plant will run well between 
quarterly outages, minimizing the potential for un-
planned outages and improving the availability of the 
production facility. Plant performance for the first half 
of 1993 indicates the success of the change, although 
the ultimate expected results of plant availability in ex-
cess of 80 percent have not yet been realized. In 1993, 
semi-annual plant availability exceeded the previous 
best-ever first-half performance by 6 percent and the 
average performance for the previous 4 years by 
iS percent. In addition, the longest continuous opera-
tion of the plant on coal was extended by over 
20 percent. Plant operating capacity while available 
has also increased over past performance. 

Unplanned plant outages exceeding 2 days in duration 
steadily decreased each quarter since implementation 
of the maintenance schedule. During the third quarter 
of 1993, only one outage of this duration occurred. It 
is anticipated that outages will be extended to three 
per year in 1994.

LGTI Operation Statistics 

Through June 1993, LOT! has produced clean desul-
furized syngas for efficient power generation as sum-
marized in Table 1.

TABLE 1 

PERFORMANCE DATA 
THROUGH JUNE 30, 1993 

Production
Syngas on Spec (MMBTLJ) 32,342,854 
Sulfur (lb) 7,604,201 
Slag, Tons (Moisture-free) 129,801 

Consumption 
Coal, Tons (as Received) 2,618,715 
Steam, Mib. @235# 1,763,057 
Power Total (MkWh) 931,270 
Oxygen (Tons) 1,693,362
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CORPORATIONS 

FIRST OF GE'S NEW 6FA TURBINES TO BE USED 
AT PINON PINE PROJECT 

In May 1993, General Electric (GE) Industrial and 
Power Systems introduced the newest member of its F 
technology family of advanced gas turbines: the 
MS6001FA, designed for electric utility, industrial and 
cogeneration applications in the 70- to 110-megawatt 
range. The 6FA is being offered at an introductory 
rating of 70.1 megawatts, and because it is a geared 
machine, it is available for both 50- and 60-hertz ap-
plications. Optimized for combined-cycle and heat-
recovery applications, the 6FA's output in combined- 
cycle operation will be 100 to 110 megawatts, depend-
ing on the steam cycle. 

The International Gas Turbine Institute's 1994 Tech-
nology Report says that the 6FA has been aerodynami-
cally scaled from GE's 159-megawatt WA and shares 
many common features with that machine, including a 
2,350°F firing temperature, front-end drive and 
modularized accessories for low-cost installation. At 
the introductory rating, the 6FA is capable of 
34 percent efficiency in simple-cycle operation and 
53 percent in combined-cycle operation, depending on 
the steam cycle selected. 

The first 6FA will be used in Sierra Pacific Power 
Company's Pinon Pine integrated gasification 
combined-cycle plant near Reno, Nevada. The project, 
part of the United States Department of Energy's 
Clean Coal Technology IV Program, is scheduled to 
start operation by the end of 1996. 

fl## 

TEXACO LICENSES 11TH GASIFICATION 
PROJECT IN CHINA 

In March, Texaco announced that it has issued a 
license for a gasification facility at the Shanghai 
Coking and Chemical Plant in Shanghai, China, bring-
ing to 11 the number of gasification facilities operating 
or under construction in China using Texaco technol-
ogy. 

Under the latest agreement, the Shanghai Coking and 
Chemical Plant will add an additional gasification unit

to a facility already under construction. The first 
gasification plant will convert coal to syngas for the 
production of town gas and methanol. The additional 
gasifier will allow for a 50-percent expansion in syngas 
production to supply the adjacent Wujing Chemical 
Plant, which will produce 100,000 tons per year of 
acetic acid. The first gasification unit is expected to 
start operation by late 1994, and the second should be 
operational the following year. 

The Texaco Gasification Process uses feedstocks such 
as coal, heavy oil residues and petroleum coke for the 
production of electricity, fuel, chemicals and other in-
dustrial products. The gasification facilities in opera-
tion or under construction in China replace older, less 
efficient and environmentally inferior systems, thereby 
leading to reductions in emissions of particulates, sul-
fur dioxide, nitrogen oxides and other hazardous air 
pollutants. For instance, the first Shanghai gasification 
unit will make a significant contribution to improved 
air quality in the city, because the town gas it will 
produce will reduce direct burning of coal for heating 
and cooking. 

IGT FORMS JOINT-VENTURE COMPANY IN 
CHINA TO COMMERCIALIZE COAL 
GASIFICATION 

In March, the Institute of Gas Technology (IGT) an-
nounced its joint venture with the Shanghai Coking 
and Chemical Plant General (SCCPG) of Shanghai 
Pacific Chemical (Group) to own and operate Shan-
ghai Zhihai Gasification Technology Development 
Ltd. (SGT). SGT was formed to market advanced 
technologies in gasification, coal-gas purification and 
the enhancement of fuel-gas heating value. 

Two years ago, SCCPG and IGT reached an agree-
ment for the commercialization of IGT's U-GAS coal 
gasification technology in China. Under the terms of 
the current agreement, SGT is now the sole licensee of 
U-GAS in China. SGT will provide customers in 
China and other regions of Asia with technical consult-
ation, technology transfer, and process design services. 
In addition, it will offer construction and engineering 
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design services, personnel training, sale of special 
equipment, and site visits to U-GAS facilities.

Designs from these vendors will be evaluated by 
CAGT participants. 

IGT developed U-GAS with funding support from the 
United States Department of Energy, the American 
Gas Association, and the Gas Research Institute. The 
process is suitable for use with a variety of coals, 
produces no pollutant byproducts, and offers high 
gasification efficiency. U-GAS can convert coal into 
fuel gas or town gas, as well as synthesis gas that can 
be used for a variety of purposes, from chemical 
production to power generation. 

SCCPG is the largest coking plant in Asia and the 
largest plant in China specializing in the general utiliza-
tion and gasification of coal. Since 1990, SCCPG has 
acquired several technologies in the areas of coal 
gasification, coal gas purification, and Cl chemistry. 
The company is currently building a coal-
gas/chemical/electricity project that includes eight 
2.60-meter-diameter U-GAS gasifiers, the first 
commercial-size U-GAS plant in the world. 

EPRI HEADING TEAM TO DEVELOP NEW GAS 
TURBINES 

In December, the Electric Power Research Institute 
(EPRI) announced that it is managing the Collabora-
tive Advanced Gas Turbine (CAGT) Project, a consor-
tium of 16 electric and gas industry, government and 
international organizations. CAGT is encouraging 
manufacturers to accelerate the use of advanced jet 
engine technologies for a range of central and dis-
tributed electric power applications. 

CAGT is focusing on Intercooled Aeroderivative 
(ICAD) gas turbines, which represent an entirely new 
product for cycling applications according to EPRI. 
Compact aeroderivative turbines are developed 
directly from aircraft engines that have been modified 
and repackaged for ground-based power generation. 
The turbines promise efficiencies that equal or surpass 
those of conventional combined-cycle plants. 

CAGT is working with three major manufacturers of 
jet engines: General Electric, Turbo Power and 
Marine and Rolls Royce, to identify more-efficient and 
environmentally preferred commercialization options.

The designs and their applications will be revealed in 
mid-1994. The designs will focus on the ICAD gas tur-
bines in the 100-megawatt size range for prototype 
demonstration and commercialization around 1998. 

ICAD gas turbines have simple cycle efficiencies with 
up to 44 to 47 percent Lower Heating Value (LHV), 
which is better than existing utility steam plants and 
lower in capital costs than larger combined cycles. 

In addition to simple-cycle applications, ICAD gas tur-
bines will address multiple combined-cycle, cogenera-
tion and repowering applications. The combined-cycle 
versions will have efficiencies approaching 57 to 
58+ percent LHV.

nfl 

HRI DEMONSTRATES HIGHEST DISTILLATE 
YIELDS FROM COAL 

In March, Hydrocarbon Research, Inc. (HRI) 
reported that it had just completed a successful 58-day 
coal liquefaction demonstration run. The run took 
place at a 3-ton per day coal pilot plant producing 
yields of S barrels of clean distillate liquid products per 
ton of coal. This work is being conducted under a 
multi-year Proof-of-Concept direct coal liquefaction 
program funded by the United States Department of 
Energy's Pittsburgh Energy Technology Center, Kerr-
McGee Corporation, and HRI. The program is 
directed toward scaling up and demonstrating new li-
quefaction concepts that can potentially lower the cost 
of synthetic liquid fuels to less than $30 per barrel. 
The demonstration program is being conducted at 
HRI's Lawrenceville, New Jersey, Research and 
Development Center. 

The recently completed demonstration run processed a 
high-sulfur Illinois bituminous coal using HRI's 
Catalytic Two-Stage Liquefaction (CTSL) technology. 
The process is similar to that utilized in HRI's commer-
cially demonstrated H-Oil process for heavy oil conver-
sion. In the CTSL process, the first-stage reactor 
operates at lower temperature (725 to 775°F) to 
hydrogenate the coal and recycle oil, while the second 
stage operates at a higher temperature (800 to 825°F) 
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to convert the coal and heavy oils to clean distillate liq-
uid products. The products can be utilized for 
gasoline, jet fuel or diesel transportation fuels, or as 
home heating, utility or combustion turbine fuels. Un-
converted coal and ash are separated from recycle oils 
and valuable products by using solids separation tech-
niques such as filtration or solvent extraction. Kerr-
McGee's ROSE-SR solids separation technology was 
demonstrated during the run. 

The 58-day CFSL Illinois coal demonstration run 
achieved several milestones in the effort to further 
reduce the cost of liquid fuels from coal. This was the 
first demonstration of HRI's CTSL technology at the 
3-ton per day scale and featured many improvements 
over the earlier testing conducted at the Wilsonville, 
Alabama pilot plant. Distillate liquid yields of 
5 barrels per ton of moisture- and ash-free coal (about 
75 weight percent) were achieved. Coal slurry recycle 
rates were reduced from the 2 to 1 to 25 to 1 ratio 
demonstrated at Wilsonville to as low as 0.9 to 1 
during the recent test. This greatly improves the 
process efficiency, process performance, and 
economics. Coal feed rates were increased during the 
test by 50 percent while maintaining process perfor-
mance at a marginally higher reactor severity. This of-
fers the potential for further reduction of commercial 
plant investment per unit of coal feed. Sulfur in the 
coal was reduced from 4 weight percent to about 
0.02 weight percent in the clean distillate fuel product. 
More than 3,500 gallons of distillate fuels were col-
lected for evaluation and upgrading studies. The 
ROSE-SR process was operated for the first time with 
a pentane solvent in a steady-state mode. The energy 
rejection of the ash concentrate was consistently below 
prior data, being as low as 12 percent, allowing im-
proved liquid yields and recovery. 

The improvements demonstrated will be evaluated un-
der the program to determine their economic impact. 
The Proof-of-Concept coal liquefaction is scheduled to 
continue through 1997. Another run was planned to 
begin in April 1994 to demonstrate the CFSL process 
with Wyoming subbituminous coal.

ENERGY RESEARCH CORPORATION TO cr 
5-YEAR, $84-MILLION FUNDING FOR FUEL 
CELLS 

In March, Energy Research Corporation (ERC) an-
nounced that it has received notification from the 
United States Department of Energy (DOE) that 
ERC's proposal for a project to further develop a 
market-entry molten carbonate fuel cell has been 
selected, subject to final negotiations. The estimated 
cost of the 5-year cooperative agreement is 
$153 million, with $84 million in DOE funding, 

ERC's proposal responded to a Program Research and 
Development Announcement issued last year by the 
DOE's Morgantown Energy Technology Center. 

In addition to DOE, ERC has received strong support 
from the utility industry, through the Electric Power 
Research Institute, the Fuel Cell Commercialization 
Group (a buyer's consortium) and the Santa Clara 
Demonstration Project. 

ERC's molten carbonate direct fuel cell combines a 
fuel such as natural gas or. coal-derived gas, with 
oxygen from the air, to produce electricity by an 
electrochemical process. The combustion and rotating 
machinery found in conventional electric power genera-
tors is absent in the fuel cell. As a result, fuel cells 
produce significantly less oxides of nitrogen, and can 
achieve efficiencies much higher than conventional gen-
eration methods. Their higher operating efficiencies 
result in a reduction of carbon dioxide. In addition, 
because of their size, cleanliness and modularity, it is 
anticipated that fuel cells can be installed quickly and 
sited in urban locations, close to energy users. 

NATIONAL COAL COUNCIL ISSUES REPORT ON 
CLEAN COAL TECHNOLOGY FOR SUSTAINABLE 
DEVELOPMENT 

The National Coal Council (NCC) has conducted a 
study of the Clean Coal Technology (CCI') Program, 
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Clearly, efforts to reduce coal powerplant costs and 
improve efficiency are necessary if coal is to regain its 
market share to former levels. 

at the request of the United States Department of 
Energy (DOE). The report generated by the study 
was finished in February 1994, and was provided to 
DOE before March 1. 

The report was summarized in a paper by J. Oliver, of 
Bechtel, and B. Spencer, of SIMTECHE, presented at 
Alternate Energy '94, held in La Quinta, California in 
April. 

Market Overview 

Over the last 20 years, the addition of coal-fired 
powerplants in the United States has eroded from a 
market of 10 to 15 gigawatts annually to approximately 
1 to 5 gigawatts in 1992 (Figure 1). This loss of market 
share is partially a result of higher capital costs of coal 
powerplants meeting increasingly stringent environ-
mental requirements and the lower costs associated 
with other power generation options (Figure 2).

The DOE CCr Program has focused on demonstrat-
ing environmental and/or efficiency improvements for 
coal powerplants; however, acceptance to date has 
been limited to only a few commercial successes. The 
merits of additional support for the existing programs 
depends primarily on the potential for commercial suc-
cess of the technologies and the ability to structure and 
fmance appropriate mechanisms which reduce cost 
and risk of early precommercial units. The NCC con-
cluded that future emphasis should be on deploying 
clean coal technologies and that a government risk-
sharing program for first-of-a-kind or near-commercial 
plants is appropriate. 

Demonstrated technologies have not achieved 
widespread commercial use primarily because the time 
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needed for the customers and financial institutions to 
develop confidence in the systems and commit to them 
has been underestimated and in most instances has not 
yet been attained. 

In addition, oil and natural gas prices have returned to 
pie- or early-1980 levels instead of increasing as was 
expected, while coal prices have continued to erode. 
The gap between pricing has, therefore, collapsed from 
an anticipated widening when the program was in-
itiated. 

Capital costs, operating costs and construction time 
requirements for gas plants have gone down substan-
tially during the last 10 years. Conventional coal tech-
nologies have improved efficiencies somewhat, but not 
enough to compete with the gas plant improvements 
observed to date. 

Although the dean coal technologies have illustrated 
that significant environmental improvements are pos-

sible, they have, to date, neither been able to compete 
with low-sulfur coal in many areas of the country nor 
been able to overcome environmental issues such as 
global warming and air todcs concerns. 

The NCC attempted to predict where the electrical 
generation and application marketplace would be after 
the year 2000. The following predictions were formu-
lated: 

- A strong emphasis on energy efficiency will be 
reflected in efforts to improve energy use by 
customers and to use more-efficient conver- 
sion technologies. This will reduce the need 
for new báseload generating capacity, but will 
increase the number of opportunities for re-
placement of older, less-efficient generating 
plants. 

- The retirement and reuse of old utility sites, 
which are close to customers and have coal 
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handling and transportation infrastructure, 
will provide ideal locations for new capacity 
additions. 

- With the growth of the nonutiity generating 
industry, pressure will increase to use smaller, 
lower-cost and cleaner systems. 

- Most of the new plants will be in the inter-
mediate size range (200 to 400 megawatts) to 
provide flexibility in dispatching, to reduce 
siting impacts, and to lower capital costs per 
unit. 

Increasing pressure will be placed on the 
development of new fossil electric resources 
globally. This should open up new markets 
for Ccl's. 

To characterize the ideal Ccl' in this post-2000 en- 
vironment, it will be capital- and operating cost-
competitive, will be able to be built in modules, will be 
compatible with siting at existing utility sites, will be ef-
ficient to reduce environmental impacts, and will be 
developed with acceptable risk profiles so that financ-
ing is possible. 

The current and future situation as defined above gives 
rise to the following reasons why deploying CCTs for 
power generation makes sense: 

- Improve environmental quality 

- Increase fuel conversion efficiency 

- Promote utilization of coal, the most abun-
dant fuel in the United States 

- Preserve and create jobs in the coal industry 

- Create new jobs dependent on the export of 
commercially proven, cost-effective, coal-
fueled power production to other nations 

Conclusions 

Based on the current and perceived future domestic 
and global market situation, several conclusions were 
developed by the NCC. 

The NCC has concluded that the market for CCFs is 
significant, with a domestic potential of up to 
62 gigawatts between now and 2010 in both new and

retrofit applications; however, market competition with 
natural gas will remain strong during this period. The 
international market growth potential is significantly 
greater, as illustrated by the current growth in China at 
10,000 megawatts of coal capacity annually (and a plan 
to continue with that growth at least through 2010). 

DOE surveys conducted on the CCT Program in 1992 
showed a limited awareness of the details of the CCT 
Program among potential users. An aggressive trans-
fer and educational program is a critical need. 

The technology review provided the following informa-
tion: 

- Integrated Coal Gasification Combined-Cycle 
(IGCC) and Pressurized Fluidized-Bed Com-
bustors (PFBC) offer the greatest pollution 
reduction capability and should be capable of 
meeting 2010 emission control targets. 

- Numerous high-performance pollution control 
devices that meet or exceed the requirements 
of the Clean Air Act Amendments of 1990 are 
being demonstrated and commercialized. 

Two industrial processes, integrated CPICOR 
and Liquid-Phase Methanol, show long-range 
promise. 

Coal processing and cleaning technologies--
for example, Coal Quality Expert, Rosebud, 
and ENCOAL Advanced Coal Conversion--
also have immediate market promise. 

Essentially no technology gaps were found except in 
areas of developing regulation. 

Further advanced coal combustion, PFBC, and IGCC 
powerplants are or will be technically proven as part of 
the CCT Program. 

The NCC concluded that the intent and objectives of 
DOE's CCT Program have been or will be met with 
existing projects from Rounds I through V. An exten-
sion of the program is not necessary. 

Technology vendors or contractors must offer perfor-
mance guarantees and/or turnkey packages in order 
for their technologies to be widely implemented in the 
marketplace before they are routinely fmancable and 
are considered commercially proven. 
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provide the necessary technology demonstration basis 
for the future. 

Successful commercialization will be limited initially by 
a number of factors, including time necessary to 
demonstrate and commit to a new technology, high 
capital cost of a first-of-a-kind system, and additional 
operating risks associated with new technology.

Clean coal technologies should be recognized broadly 
as environmental technologies in current and future 
federal programs. 

The last area evaluated by NCC involved the potential 
for international development. The NCC concluded 
that the international market for environmental and 
dean coal technology is large and awaiting new, com-
mercially proven technologies that decrease pollution 
without appreciably increasing total capital and operat-
ing costs. 

The Secretary of Energy has three possible courses of 
action, according to the NCC: 

Continue further demonstration projects and 
wait for commercialization to take place on its 
own 

Drop further support of Ccl's at the end of 
the current demonstration 

Develop a program now to support initial com-
mercialization in the belief that it will create a 
sustainable market in the long term 

Recommendations 

Based on the conclusions of the NCC working group, 
the following recommendations were developed. 

No further solicitations under the CCT Demonstration 
Program are needed. The existing projects under 
Rounds I through V need to be completed as envi-
sioned, without slowing or stopping the program, to

A new federal-level Clean Coal Technology Incentive 
Program to stimulate initial and sustainable commer-
cial deployment of CCTs is needed. The program is 
envisioned to require $1.4 billion of federal capital and 
performance incentives. Such technologies as 16CC, 
PFBC systems, advanced pulverized coal-fired 
powerplants, and innovative component technologies 
would be included. 

The DOE market assessment and communications 
program should continue and be expanded to include, 
in addition to electric utilities, representatives of 
regulatory bodies, nonutility generators, industrial coal 
users, insurance carriers, investment bankers, equip-
ment suppliers, coal suppliers, and environmental 
groups. 

The DOE should evaluate the potential of converting 
old existing but non-compliant plant sites to new sites 
employing CCFs. 

The DOE should disseminate commercial cost infor-
mation. 

Global deployment of Ccl's is a critical ingredient to 
both sound economic development in the United 
States and worldwide sustainable economic and social 
development.
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GOVERNMENT 

NEW DOE REPORT HIGHLIGHTS CLEAN COAL 
TECHNOLOGY SUCCESSES 

Begun in 1986, the Clean Coal Technology (Ca) 
Program is being undertaken to improve the environ-
mental acceptability of coal. 

The United States Department of Energy (DOE) has 
invested nearly $25 billion in this initiative. Private 
companies and several states have more than matched 
this amount, contributing more than $4 billion. The 
result is 45 first-of-a-kind demonstration projects in 
21 states (Figure 1). 

A DOE progress report, Clean Csili Technolofzv--The 
Investment fly Qfli was published in January.

This publication describes some of the achievements 
now being recorded by the CC'!' demonstration 
projects. As of the end of 1993, 23 projects were either 
in operation or had completed their test runs. Another 
13 are scheduled to come on-line in 1994-1995. 

Scrubbers 

CCI' projects have demonstrated advanced scrubbers 
that operate at half the cost of conventional systems. 
Instead of waste, they produce a valuable byproduct 
that can be sold to help offset costs even more. Some 
boost efficiency by recycling waste heat. Several cap-
ture multiple air pollutants. 

Through the use of the Pure Air scrubber, Northern 
Indiana Public Service Corporation's Bailly Station out-

FIGURE 1 

LOCATIONS OF CCT PROJECTS
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side of Gary, Indiana, became the first powerplant in 
the United States to meet new Clean Air Act (CAA) 
standards for sulfur dioxide (SO2) control. 

The Pure Air scrubber, owned and operated by a joint 
venture involving Air Products and Chemicals Inc., 
costs only about half as much as earlier units. Since its 
startup in August 1992, it has been extremely reliable 
(only 7 hours of downtime) and has routinely attained 
95 percent sulfur removal with high-sulfur coal. In-
stead of waste sludge, byproduct gypsum is produced, 
which is being sold to a local wallboard manufacturer. 

The Chiyoda CF-121 scrubber at Georgia Power 
Company's Plant Yates in Newnan, Georgia, can also 
boast of high efficiency, low costs and gypsum 
byproduct production. Since its startup in 
September 1993, the scrubber has attained 93 percent 
to 98 percent SO  removal with more than 98 percent 
reliability. The scrubber has demonstrated its ability 
to capture ash particles without the need for a separate 
collection device. 

Ohio Edison's Niles Station in Eastern Ohio uses ABB 
Environmental System's SNOX clean coal technology. 

The SNOX process has consistently removed 
96 percent of the NO from the plant flue gases. No 
solid wastes are proJuced. Instead, a commercial-
grade sulfuric acid is produced as a salable byproduct. 

The Babcock and Wilcox SNRB process captures mul-
tiple pollutants; in addition to SO2 and NO 1, it 
removes flyash particles. In the demonstration at an 
Ohio Edison plant in Dilles Bottom, Ohio, SNRB ex-
ceeded its performance goals, with more than 
85 percent SO2 capture and 90 percent reduction of 
NO, and particulates. 

Controlling Nitrogen Oxides 

Through demonstration in the CCT Program, a variety 
of NO reduction techniques have been demonstrated 
as effe

1
ctive options for the full range of utility coal-

fired boilers. 

Low-NO1 Cell burner technology was developed for 
high-NO-emitting, difficult-to-control cell burners, 
which today account for nearly 26,000 megawatts of 
electric power in the United States.

Tests of the "plug-in" Low-NO 1-Cell burner at the 
Dayton Power and Light's Stuart Station near Aber-
deen, Ohio, showed that the new technology could 
reduce NO1 emissions by 55 percent. 

Reburning has emerged from the CCI' Program as 
another major technology option for controlling NO1. 
Because it destroys NO1 already formed in the boiler, 
reburning can be used on virtually any boiler type. 

EER, Inc., has successfully demonstrated natural gas 
reburning on the three major boiler types. At two sites 
in Illinois, reburning was combined with an SO 2 pollu-
tion control method, and NO1 reductions of 65 percent 
to 77 percent were achieved. On a third unit in 
Colorado, gas reburning was combined with low-NO 
burners so that NO1 reduction again exceedei 
70 percent. 

At a Wisconsin Power and Light plant, coal reburning 
exceeded expectations, with 55 percent or greater NO 
reduction and smooth operation on a 100-megawatt 
cyclone boiler. The coal reburn system has allowed 
the unit to switch to low-sulfur coal and meet initial 
CAA requirements without derating the boiler (a com-
mon problem with lower heating value coals). 

A NO 1 reduction technique termed Selective Catalytic 
Reduction (SCR) is also being developed. The SCR 
technique has the potential to reduce NO emissions 1 
by more than 90 percent.	 Tests began in
September 1993. 

Low-Cost Sulfur Dioxide Control 

The CCI' Program has demonstrated several alterna-
tives to the larger, more costly, add-on pollution con-
trol systems that to date have been the only option for 
many utilities. 

One of the more promising alternatives is sorbent injec-
tion. This advanced technology works inside a 
powerplant's existing structure to remove from 
60 percent to 90 percent of the sulfur dioxide from 
coal's flue gases. 

These processes include the Babcock and Wilcox Lime-
stone Injection Multistage Burner process, Consolida-
tion Coal Company's Coolside process, and the AirPol 
Gas Suspension Absorption technology. 
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Another variation of sorbent injection is Bechtel's Con-
fined Zone Dispersion process. 

Clean Coal Fuels 

Low-rank coals have the benefit of being low in sulfur 
but also are likely to contain large amounts of mois-
ture, up to 30 percent of their weight. This makes 
them difficult to handle and costly to transport, and 
also lowers their value as a fuel. 

Two projects in the CCI' Program are showing how 
these low-rank coals can be turned into clean, high-
quality fuels. 

At the ENCOAL demonstration plant operating near 
Gillette, Wyoming, low-rank coals are being converted 
to two valuable fuels: a dean liquid that can be 
directly substituted for boiler fuels, and a dean, dry 
coal product for utility boilers that can meet CAA stan-
dards without pollution control equipment. 

The Rosebud SynCoal plant, adjacent to the Rosebud 
coal mine in Colstrip, Montana, is showing another 
route to producing high-quality fuel from low-rank 
coals. 

One test coal, a low-rank lignite, is being upgraded 
from less than 7,000 BTU per pound to nearly 
11,000 BTU per pound. 

Clean-burning fuels can also be made from high-
heating-value, high-sulfur coals. 

Custom Coals International is developing a pre-
combustion beneficiation technology that can remove 
more than 90 percent of the pyritic sulfur (contained in 
coal's mineral matter) and the ash. 

For utilities that need even cleaner coal, a "self-
scrubbing" coal will also be produced using a limestone 
additive to form marble-size pellets. When the pellets 
are burned, the limestone additive captures the 502 
produced in the boiler. 

Electric Powerplants 

Advanced coal-fueled electric powerplants are being 
developed as part of the CCI' Program. 

The Colorado-Ute Electric Association circulating 
fluidized-bed project in Nucla, Colorado, is demonstrat-
ing atmospheric pressure fluidized-bed combustion in

electric powerplant applications. The 110-megawatt 
Colorado-Ute boiler has showed the effectiveness of 
fluidized-bed technology to burn a wide variety of coals 
cleanly and efficiently. Today, atmospheric fluidized-
bed combustion is considered to be one of the cleanest 
and most economical ways to use coal to generate 
electricity. 

The Tidd Pressurized Fluidized-Bed Combustion 
(PFBC) project began operating in December 1990 at 
the Tidd Plant near Brilliant, Ohio, 

In the pressurized version, high-pressure gases exiting 
the boiler drive a gas turbine while heat from the 
process powers a steam turbine. The result is a highly 
efficient power system. 

With more than 5,000 hours of operation, the pioneer-
ing 70-megawatt demonstration unit has verified 
PFBC's superior environmental performance--more 
than 92 percent SO capture and NO emissions well 
within air quality limits--with no need (or add-on pollu-
tion control. 

Integrated Gasification Combined Cycle (IGCC) 

Projects now under way in the CCI' Program will 
demonstrate a full range of variations of the IGCC 
process: different gasifiers, different sizes, different 
coals, different cleanup systems, and different applica-
tions (grassroots and repowering). 

As part of a major expansion over the next decade, 
Tampa Electric in Florida will build a 260-megawatt 
gasification combined-cycle facility as a grassroots 
plant. 

The project will demonstrate Texaco's pressurized coal 
gasifier coupled to a combustion and steam turbine 
power island. The project will also incorporate an in-
novative hot-gas cleaning system to boost efficiencies 
even further. The plant will use high-sulfur coal from 
Illinois. (See related article elsewhere in this issue.) 

In a joint effort to upgrade an existing plant with ad-
vanced technology, Destec Energy, Inc. and PSI 
Energy Inc. will repower one of six units at PSI's 
Wabash River plant with a 265-megawatt coal gasifica-
tion combined-cycle system. 

The project will demonstrate Destec's two-stage coal 
gasifier, which produces a medium-BTU syngas from 
high-sulfur coal. The technology will boost the ef-
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ficiency of the repowered unit by about 10 percent. 
Design of the Wabash River project is nearly complete 
and construction has begun.

cycle plant demonstrating the ICRW fluidized-bed 
gasifier with hot-gas cleanup. 

The Pinon Pine IGCC Power project near Reno, 	 an 
Nevada will be a 95-megawatt gasification combined-
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ENERGY POLICY AND FORECASTS 

BACKGROUND AND RATIONALE FOR 
CONTINUATION OF LIQUEFACTION EFFORTS 
PRESENTED 

In a paper entitled, "Coal Liquefaction: From the 
Moral Equivalent of War to an Option for the Nation's 
Future," G. McGurl, et al., of the Pittsburgh Energy 
Technology Center, discussed the development of coal 
liquefaction technology in the United States. The 
authors also presented a rationale for the continued 
development of liquefaction technology. This paper 
was presented at the Tenth Annual International Pitts-
burgh Coal Conference, held in Pittsburgh, Pennsyl-
vania in September. 

In the mid-1970s, OPEC raised the price of crude oil 
from $3 to $12 a barrel. This action caused the United 
States Government to reassess its synthetic fuels 
policy, and the United States Energy Research and 
Development Administration (ERDA) was formed. 
ERDA assumed responsibility for synfuels develop-
ment. When ERDA was reorganized in 1977 to form 
the United States Department of Energy (DOE), 
DOE continued responsibility for the synthetic fuels 
program. 

In 1979, political developments between the United 
States and Iran led to an increase in oil prices from $14 
to $32 a barrel. Such oil price escalations posed a 
threat to the United States national security, and the 
Carter Administration considered such threats and the 
United States responses as a "Moral Equivalent of 
War? Congress passed the Energy Security Act of 
1980, which created the Synthetic Fuels Corporation 
(SFC) to oversee commercialization of synthetic fuels. 

World oil prices plummeted by the mid-1980s, 
however, and the SFC was eliminated, along with 
much of the budget for immediate commercialization 
of synthetic fuels. 

The adoption of the Clean Air Act Amendments 
of 1990 and implementation of the Clean Coal Technol-
ogy Program have set the stage for the commercializa-
tion of clean coal technologies in the 1990s. 

In addition, the 1992 Energy Policy Act supports the 
development of advanced technologies to produce oil 
substitutes through coal liquefaction and to produce

chemicals and chemical intermediates from coal. 
derived synthesis gas. 

Within the Liquid Fuels Program, the primary tech-
nologies being investigated are the direct and indirect 
liquefaction of coal. The authors presented a brief his-
torical background and the current status of these two 
technologies. 

Direct Liquefaction 

In the early stages of United States direct liquefaction 
process development, the primary focus was on produc-
ing a solvent-refined coal with lowered ash and sulfur 
content for powerplant applications. During the late 
1970s, the focus shifted toward producing liquid 
transportation fuels. With this objective in mind, exten-
sive process development was performed on the SRC-
II, Exxon Donor Solvent (EDS), and H-Coal 
processes. These processes depended primarily on the 
high-temperature and high-pressure reactions of coal 
and coal-derived solvent with hydrogen. The H-Coal 
and EDS processes also utilized catalytic reactions. 

The conceptual design and economic evaluations per-
formed on the direct liquefaction process in the early 
1980s indicated that the price of equivalent crude oil 
from coal was above $50 per barrel. This was too high 
for the technology to be commercialized, and large-
scale development of direct liquefaction at H-Coal, 
EDS, and SRC-II units was terminated. 

Subsequent developments in direct liquefaction cen-
tered on an integrated two-stage liquefaction concept. 
In 1982, HRI extended this concept to the develop-
ment of the Catalytic Two-Stage Liquefaction (CTSL) 
process, which has been the basis for subsequent 
developments. 

In the current CTSL process, coal is slurried with coal-
derived oil and sent through two ebullating-bed reac-
tors, both of which contain catalyst extrudates 
suspended by a continuous stream of hydrogen and 
slurry. In the first stage, coal is converted into inter-
mediate liquid components, which are then further 
hydrogenated to distillable liquids in the second stage. 
The distillates are further processed using petroleum-
refining technology to make transportation fuels such 
as gasoline, diesel, and jet fuels. 
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The CTSL process has comparatively high thermal ef-
ficiency and produces a high yield of quality distillates 
that are convertible to transportation fuels. The distil-
lates, which have lower sulfur and mineral contents 
than petroleum, can be refined effectively by using the 
existing petroleum refining infrastructure. The coal 
gasoline derived from the distillates is comparable to 
petroleum gasoline. 

Another promising area of research in coal liquefac-
tion is coal-oil coprocessing. In this process, a mixture 
of coal and high-boiling (and low-value) petroleum 
resid is reacted in the presence of a catalyst and 
hydrogen pressure to form liquid distillates. 

Recent economic evaluations performed by Bechtel 
Corporation and Amoco Oil Company (1992-1993) in-
dicate that the price of equivalent crude oil produced 
by direct liquefaction would be about $33 per barrel. 
If steam reforming of natural gas is used in place of 
coal gasification for hydrogen production, this price 
would be reduced to about $31 per barrel. 

Further reductions in the cost of coal liquids may be 
obtained so that they may compete with the cost of 
petroleum crude by the early 2000s. 

Indirect Liquefaction 

Indirect liquefaction technology involves the produc-
tion of liquid fuels from synthesis gas, a mixture of CO 
and H2. This gas can be generated from coal by 
gasification. The major product classifications from 
indirect liquefaction are hydrocarbon fuels, oxygenates, 
fuel additives and octane enhancers, and chemicals, in-
cluding intermediates. The technologies developed 
under this program are also applicable to synthesis gas 
derived from natural gas or other feedstocks. 

The conversion of synthesis gas to hydrocarbons and 
oxygenates over a cobalt catalyst was first 
demonstrated in Germany in the early 1900s. The 
process became the basis for Fischer-Tropsch (F-T) 
synthesis. After World War II, the Department of 
Interior's Bureau of Mines constructed a synthetic 
fuels facility in Louisiana, Missouri, for both direct li-
quefaction and F-T indirect liquefaction. However, 
due to abundant supplies of low priced crude oil, the 
plant was closed in 1953. 

The commercial production of fuels by indirect li-
quefaction of coal is currently being practiced only in

South Africa, by the South African Coal, Oil and Gas 
Corporation. 

During the 1980s, DOE-sponsored developmental 
work in methanol synthesis technology was conducted 
at the Laporte Alternative Fuels Development Unit 
(AFDU). Results of this work showed that slurry-
phase catalytic reactors could effectively convert low-
hydrogen content synthesis gas, produced from effi-
cient advanced gasifiers, into liquid fuels. 

Continued improvements in advanced gasifiers, slurry 
reactor systems, and catalysts designed to take ad-
vantage of the characteristics of slurry-phase bubble-
column reactors offer an opportunity to develop F-T 
and oxygenates technology that can economically con-
vert coal to high-quality transportation fuels and fuel 
components. 

Slurry-phase F-T technology was demonstrated at the 
AFDU in 1992. Stable catalyst productivity, expected 
hydrodynamic behavior, and isothermal reactor opera-
tion were obtained, and the correlation between 
laboratory autoclave and AFDU bubble-column data 
was excellent. 

Summary and Conclusions 

While considerable progress has been achieved in 
reducing the cost of coal liquefaction and additional 
reductions can be achieved by continuing the existing 
program, these factors will not ensure commercial ap-
plication of liquefaction. Commercialization will re-
quire parity with the price of oil for an extended 
period. Recent estimates by the Energy Information 
Administration have also reduced the forecast in-
creases in oil prices. 

According to McGurl, et al., a healthy program in li-
quefaction research and development represents an 
"insurance policy" for the United States. A continuing 
program will improve the economic and technical per-
formance of liquefaction and maintain the core of ex-
pertise capable of bringing it to commercial fruition 
when needed. The size of the program must be com-
mensurate with the need to reduce federal deficits and 
strong private sector participation must be retained. 
Prior to the time when liquefaction becomes fully com-
mercial, transitional technologies or niche markets 
may be available.to develop commercial operating data 
and verify technology improvements. These markets 
could include chemicals and fuel additives using in-
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direct liquefaction technologies where the feedstock is 
natural gas. An additional possibility is coprocessing 
of coal and residual oils, particularly those with high 
metal content. 

SHELL REVIEWS FUTURE OF COAL FROM A 
GLOBAL PERSPECTIVE 

Coal has been used as a fuel for thousands of years. 
More recently, it was the principal fuel behind the in- 
dustrial revolution in Europe. It still is the main fuel 
for electricity--now the preferred energy source in 
developed countries--and it will continue to be the driv-
ing force behind the industrial revolution in many 
developing nations. The future of coal is inextricably 
bound to the future of electricity, according to a Shell 
Briefing Note entitled, "Coal: Back to the Future--The 
Future of Coal From a Global Perspective." 

Electric Power Generation 

The best prospects for growth in coal consumption in 
the future lie with power generation. Nearly half of 
world electricity production comes from coal-fired 
power stations. 

Globally, consumption of electricity grew at an annual 
average rate of over 8 percent in the 1960s, about 
53 percent in the 1970s and just under 4 percent in the 
1980s. It is projected to grow at 2 to 23 percent up to 
2020. Even though the efficiency drives prompted by 
the 1973 oil shock have brought a reduction in overall 
energy intensity, that for electricity has increased. The 
most significant statistic is that the share of electricity 
in the world's final energy consumption package grew 
from under 10 percent in 1960 to about 15 percent in 
1990 and is expected to be approximately 20 percent by 
2020--as such it is the fastest-growing energy carrier. 

It is in the developing countries where the real scope 
for energy expansion now prevails, and here demand 
for electricity can be expected to grow the fastest. 

Shell scenarios for the future to 2020 envisage 
electricity consumption growth worldwide at 2 to 
2.5 percent per year. However, there are significant 
regional differences. Growth in North America may 
well be less than 1 percent per year. But in Japan, the 
rest of the Far East and South Asia combined, a rate

of nearly 7 percent per year is foreseen. It is in this 
part of the world that there is also the greatest con- 
centration of countries undergoing successful major 
industrialization. 

In addition, fuel for domestic use in developing 
countries is switching from wood, coke and kerosene 
to electricity. Thus, overall coal demand is shifting 
away from the household sector toward the power gen-
erating and industrial sectors, and it is increasing. 

In 1990, coal fueled nearly 40 percent of the world's 
electricity consumption of 10,000 terawatt-hours--twice 
as much as any other fuel (gas was 14 percent; oil, 
12 percent; nuclear, 17 percent; and hydro, 
19 percent). 

Although coal's share as a fuel for power generation 
may well fall from this level to approximately 
30 percent by 2020, annual consumption in absolute 
terms will rise from 1.9 billion tonnes per year to over 
23 billion tonnes per year. An increasing amount of 
coal will be consumed in new, more-efficient power sta-
tions with more electricity being generated from less 
coal. 

By 2030, virtually all of today's coal-fired power genera-
ting plants will have been replaced by new stations, and 
a total of twice as much electricity as in 1990 may be 
generated from coal. 

Coal versus Natural Gas 

The economics of power generation depend on both 
the capital and operating cost of the plant and the cost 
of fuel. For the typical new plant in North America, 
per unit of electricity, a gas plant is likely to have lower 
capital and operating costs than coal. These costs 
reflect the requirements to reduce sulfur dioxide emis-
sions, and so include flue gas desulfurization equip-
ment in the capital cost for coal and oil. As far as the 
fuel costs are concerned, gas prices are still 
predominantly linked to' oil prices, while coal prices 
are determined by a combination of production costs 
and supply/demand perceptions. In addition, fuel 
diversity and security of supply are both crucial factors 
in the strategy of fuel choice for a major public utility. 

Coal and the Environment 

In recent years, considerable attention has focused on 
the environmental impact of conventional coal-fired 
plants. Most notable among the concerns are emis-
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sions of sulfur dioxides, nitrogen oxides and carbon
	 differences. Demand for coking coal for blast furnaces 

dioxide. Efficient, clean coal-burning technologies, 	 will grow strongly in the low-cost, high-growth develop-
many of which are now under commercial trials, repre- 	 ing economies where steel will be made for both 
sent a major advance in meeting these concerns and

	
domestic consumption and export. 

will help ensure the long-term future of coal-fired 
power stations.	 As to international trade prospects, most coal will con-

tinue to be consumed in the country where it is mined, 
Coal Gasification	 although seaborne steam coal should still grow at 

about 4 percent a year, taking it from 5 percent of total 
Shell has developed the Shell Coal Gasification

	 hard coal production currently to over 10 percent by 
Process, which is being incorporated in an Integrated

	
2020. Again, there are regional differences and, in par-

coal Gasification Combined-Cycle (IGCC) 250- 	 ticular, growth should be more rapid in the Pacific 
megawatt demonstration powerplant being commis- 	 area (at over 5 percent per year), given the likely 
sioned this year at Buggenum in The Netherlands.	 strong demand for electricity in many of the countries 
The gasification process converts a variety of coal types

	
in that region. 

into a clean synthesis gas (carbon monoxide and 
hydrogen) and offers thermal efficiencies up to

	 Worldwide, aggregate coal demand for all sectors 
43 percent while simultaneously reducing sulfur and

	 should increase at between 0.7 and 1.3 percent per 
CO  emissions. In due course, improvements in tur-	 year over the next 30 years.Its share of primary 
bine technology will raise this figure to 50 percent, com- 	 energy consumption may well drop to approximately 
pared with about 35 percent in existing conventional

	
22 percent by 2020, compared with 25 percent in 1990, 

plants.	 but the market for coal will remain extremely large. 

This is just one example of IGCC technology. At the
	 Reserves 

moment, this field involves relatively high capital costs, 
but in its maturity this should be offset by the lower

	 Total coal resources are estimated at over 6,700 billion 
fuel cost per unit of electricity arising from the higher 	 tonnes of coal equivalent, of which some 650 billion 
fuel efficiencies realized. Overall, therefore, coal

	
tonnes are economically recoverable. This is enough 

could be highly competitive relative to gas and oil.	 to last over 210 years at current rates of production, 
compared with 45 years for oil and some 65 years for 

Other Market Sectors for Coal
	 gas. 

Demand for coal in the industrial sector will probably
	 Conclusion 

remain fairly static overall, although there will be varia-
tions between regions and with different uses. For ex-	 From today's perspective, the power generation sector 
ample, gas will continue to offer strong competition in 	 relies heavily on coal, according to Shell. In the past, 
the space heating and small boiler fuel markets. And

	 significant economic and technological developments 
in East Europe and the former Soviet Union, improve-	 have provided the opportunities for coal use to 
ments in energy efficiency will reduce consumption, al- 	 flourish. And so it will be in the future; economics and 
though these will be offset to some extent by increased

	
technology still hold the keys for the use of coal as a 

cement production. 	 fuel for electricity. So coal will likely be an important 
energy source for many decades. 

Although the world steel market can expect only slug-
gish overall growth, here again there are wide regional
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ECONOMICS 

POLK POWER STATION 16CC PROJECT WILL 
COST $600 MILLION 

In a presentation at the Conference on Comparative 
Economics of Emerging Clean Coal Technologies III, 
held in Washington, D.C. in February, S. Jenkins, of 
TECO Power Services, described the planning stages 
for the new Polk Power Station Project. 

In order to identify a suitable site for needed 
powerplant facilities, Tampa Electric Company con-
ducted a Power Plant Site Selection Assessment 
Program between September 1989 and 
November 1990. Environmental, socioeconomic, land 
use, and engineering/economic factors were con-
sidered. 

A site in Southwest Polk County was selected as the 
location for the Polk Power Station. The 4,348-acre 
site will support an ultimate buildout of 
1,150 megawatts, including the Unit #1 Integrated 
Gasification Combined Cycle (IGCC) Project, along 
with gas-fired combustion turbines and combined-cycle 
units. Most of the site has been previously mined for 
phosphate rock and requires significant reclamation. 
Therefore, it is important that the costs for land and 
site development be broken out so that the cost of the 
IGCC technology is available for comparison. State 
and federal permitting costs have also been broken out 
so that the cost of the IGCC technology can be used 
for comparative purposes. 

Siting the plant inland instead of on Tampa Bay has 
required some tradeoffs that affect cost and perfor-
mance of the IGCC technology. 

The issue of using Illinois No. 6 coal also affects the 
comparison. A medium-sulfur Pittsburgh No. 8 coal 
was used for the design of most plant systems; this was 
modified to a higher sulfur content for the design of 
the sulfur removal and recovery systems. The conven-
tional amine-based Cold-Gas Cleanup (CGCU) sys-
tem and the sulfuric add plant are sized for this higher 
sulfur content. The Hot-Gas Cleanup (HGCU) sys-
tem, part of the demonstration program, is also sized 
for the modified Pittsburgh No. 8 coal. 

The unit is not optimized for Illinois No. 6 coal, but 
TECO expects to be able to use it with some unit per-

formance impacts. The design sulfur loading should 
handle the sulfur content of most Illinois No. 6 coals. 
However, nonoptimum unit performance is expected 
due to differences in gasifier carbon conversion, higher 
ash loading, and higher chlorine loading than with the 
Pittsburgh No.8 coal. 

The total cost of the entire Polk Power Station Project, 
including all items for the entire site buildout, reclama-
tion, environmental permitting costs, license fees, and 
AFUDC is about $600 million in "as spent" dollars. 

The cost data presented in Table 1 include the follow-
ing: 

- Engineering 

- Construction management 

- Construction 

- Owner's costs (including insurance, plant staff-
ing and project management) 

- Estimating allowance 

- AFUDC, Allowance for Funds Used During 
Construction 

- License fees 

The items that are not included in the costs are as fol-
lows: 

- Land costs 
- Site development and revegetation 
- Environmental permit costs 
- Initial coal inventory 

The total IGCC technology cost is $54513 million. 
The cost of the HGCU system is included, so that num-
ber is still high because the unit is designed to allow 
operation with CGCU only or with 50 percent 
CGCU/50 percent HGCU. Part of the sulfuric acid 
plant cost includes the ability to treat both streams. 

The United States Department of Energy (DOE) is 
providing approximately $110 million for capital expen-
ditures, and $20 million for operation and maintenance 
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TABLE 1

COST BREAKDOWN 

Area	 SMillion 

Coal Handling 0.65 
Air Separation Unit 49.21 
Gasification, Slurry Prep, Syngas Cooling 207.45 
Brine Concentration 7.51 
Acid Gas Removal 8.99 
Hot Gas Cleanup 26.09 
Sulfuric Acid Plant 28.84 
Power Block 216.41

Total	 $545.15 

costs during the 2-year demonstration period. The 
costs presented in the table are the total costs, without 
credit for DOE funding. 

TECO intends to demonstrate the unit in the 
50 percent CGCU/50 percent HGCU mode. An im-
provement in cycle efficiency is expected with the 
HGCU system. The gas that flows through CGCU has 
to be cooled prior to sulfur removal, and then heated 
again before it goes to the combustion turbine. 
HGCU treats the gas in the 900°F range and therefore 
does not suffer from the irreversible losses that penal-
ize CGCU. 

For cost purposes, the unit with only CGCU is of inter-
est. Removing the HGCU and related costs, the total 
IGCC technology cost is approximately 
$515.15 million. 

Performance 

As of February, TECO was in the detailed engineering 
phase of the IGCC Project. Some site development 
had begun. Construction will begin later this year. 

Changes in the initial design of 2 years ago were made 
for reasons of safety, as a response to environmental 
permit conditions, and to increase reliability and main-
tainability. Other changes were due to refinements of 
the detailed engineering process. 

The refined integration of the gasification and power 
block areas has provided more data on steam flows

and exchanges between these two areas. As systems 
became better defined and equipment was purchased, 
models were run to characterize expected plant perfor-
mance. Some of the major design changes TECO 
made to respond to various requirements include the 
following: 

- Increased process steam use (sulfur 
removal/recovery) 

- Increased Air Separation Unit (ASU) power 
consumption (more nitrogen) 

- Decreased high-pressure steam production 
(lower gasifier temperature) 

- Using gas/gas exchangers versus high-
pressure economizer 

- Decreased ASU efficiency (versus higher capi-
tal) 

For the Polk Power Station Unit #1 IGCC, a net out-
put of 2513 megawatts and a net heat rate of 8,600 to 
8,650 BTU per kilowatt-how are expected. These 
parameters are representative of operations with Pitts-
burgh No. 8 coal, normal operating conditions, and 
ISO conditions using 100 percent CGCU. In the 
50 percent I-IGCU/50 percent CGCU mode, an in-
crease of about 5 megawatts and an improvement of 
150 BTU per kilowatt-hour in heat rate are expected. 

With Illinois No. 6 coal, a slight increase of about 
1 megawatt in power output is expected. The heat rate 
is expected to degrade about 350 BTU per kilowatt-
hour due to off-design, nonoptimized performance. 
However, even with Illinois No. 6 coal, the net heat 
rate is still expected to be below 9,000 BTU per 
kilowatt-hour. 

ECONOMICS OF MICRONIZED COAL-WATER 
SLURRY FOR INDUSTRIAL BOILERS NOT 
FAVORABLE IN SMALL MARKET 

A paper by A. Schaal and R. Gordon, of The Pennsyl-
vania State University, describes basic economics for 
the supply of coal-based fuels for an industrial boiler 
that has been converted from firing fuel oil to firing a 
premium coal fuel. The paper was presented at the 
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19th International Technical Conference on Coal 
Utilization and Fuel Systems, held in Clearwater, 
Florida in March. The boiler conversion technologies 
are currently under development by The Pennsylvania 
State University's Energy and Fuels Research Center 
(EFRC) for the United States Department of Energy 
and the United States Department of Defense. The 
focus of Phase I activities is the development, design, 
and evaluation of two candidate technologies for boiler 
conversion. The boiler being considered for conver-
sion is a 25.2-million BTU per hour unit located at the 
Naval Surface Warfare Center at Crane, Indiana. The 
conversion technologies being considered fire either 
Micronized Coal-Water Slurry Fuels (MCWSFs) or 
Dry, Micronized Coal (DMC). 

DMC is delivered to the boiler as a chunk coal and 
reduced to the necessary micron size at the boiler site. 
MCWSF, on the other hand, is transported, stored, 
handled, and fired in the boiler in slurry form. 

The Crane boiler being evaluated for retrofit to fire 
coal is one of three, roughly equivalent, boilers located 
within the same boiler house. These boilers are 
presently used for building heat with occasional 
demands for process steam. The Phase I case study 
considers only 6 months operation per year of the 
retrofitted boiler corresponding to the heating season. 

The MCWSF fuel form, as a slurry, has some potential 
advantages as compared to the DMC fuel. First, be-
cause the fuel is handled as a slurry, it can be easily 
pumped into the system, stored, and sent to the burner 
for atomization into the boiler. Also, the slurried fines 
pose little problem in the generation of airborne dust 
(as long as splashing and spillage is avoided). Supply 
of the slurry may, potentially, come from, a variety of 
relatively low-cost sources as compared to other coal 
forms. Because the slurry is delivered to the boiler at 
the proper size, the relatively capital and Operation 
and Maintenance (O&M) cost-intensive grinding mills 
for each boiler that is converted to fife the coal fuel 
are not necessary. Finally, a single slurry preparation 
system could supply several converted boilers. 

One disadvantage of MCWSF is that boiler derating 
tends to be more severe with slurry fuels. Storage of 
the slurry can also be problematic due to a tendency of 
the solids in the slurry to settle and form a "hard" or 
'soft pack. Minimizing boiler derating and improving 
the handleability and storage of the slurry are goals of 
the technology development effort by EFRC.

A basic difference governing the economics of fuel 
supply between MCWSF and DMC technologies is 
that coal is not generally produced for delivery to cus-
tomers in slurry form. The MCWSF retrofit option 
therefore must consider the costs of production and 
delivery of slurry to the Crane boiler. 

MCWSF Factored Cost Estimate 

A factored cost estimate for the production and 
transportation of MCWSF to the Crane boiler was 
developed to aid in comparing this fuel to DMC. 

A simple factored capital cost estimate is provided in 
Table 1. The equipment list provides allowances for a 
single mill, conventional flotation cells, spirals (or the 
equivalent in other cleaning equipment), pumps, and a 
25,000-gallon slurry storage tank sized for a 3-day 
supply of Crane, with an additional 10 percent al-
lowance for miscellaneous equipment items. The 
electrical load of the equipment was estimated at 
94 horsepower. The slurry plant described here pur-
posely avoids the use of advanced fine coal cleaning 
methods, reflecting an emphasis upon locating refuse 
streams that require minimum efforts to recover coal 
fines of the required quality. 

The total capital requirement is estimated to be 
$993,000 dollars. As can be seen from the equipment 
list, by far the largest capital requirement is repre-
sented by the mill. This item also represents the 
greatest proportion of the estimated horsepower due 

TABLE 1 

MCWSF FACTORED CAPITAL COSTS
(Thousand 1993 Dollars) 

Mill 176 
Flotation Cells 30 
Spirals 14 
Pumps 13 
Tankage 33 
Miscellaneous Items (@ 10%) 27 
Equipment Cost (Delivered) $293

Total Plant Cost Factor (Chilton Method)	 339 

Total Installed Plant Cost 	 $993 
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$1.03/MMBTU and drops to $0.67/MMBTU at 
50 Crane boiler equivalents. 

to the demanding grinding regime expected. The 
equipment list, and associated costs, is considered 
speculative due to the incomplete knowledge regarding 
potential feed stream characteristics. DMC Fuel Supply Comparison 

The plant cost factor used for determining the installed 
plant cost was generated using the Chilton method. 
The selection of this method was due to ease of use 
and consideration of the fact that the MCWSF plant is 
an addition to an existing coal preparation facility. 

Annualized capital and operation and maintenance 
costs are presented in Table 2. The MCWSF cost, 
Lo.b. slurry preparation plant, is estimated to be 
$90.60 per ton coal (d.b.) or $3.23 per million BTU 
(MMBTU). This cost includes all capital, operation 
and maintenance charges. 

A sensitivity analysis of MCWSF costs, f.o.b. slurry 
preparation plant, was conducted using a methodology 
similar to that accomplished for the Crane base case. 
The results of this analysis are presented in Figure 1. 
The figure shows that the dollars per million 8113 cost 
of coal decreases substantially with an increasing num-
ber of oil-designed boilers converted over to fife 
MCWSF. At a coal requirement equivalent to 
10 boilers the size of Crane, the MCWSF cost is

A DMC fuel supply system, as contemplated for 
Crane, enjoys a number of advantages over the 
MCWSF supply system. These advantages include: 

Ready availability of the coal of the proper 
specifications from nearby suppliers 

Readily available, and lower-cost, transport 
methods 

Due to the expected market availability of DMC fuel, 
and the small market share of even 50 equivalent 
Crane conversions, it is assumed in the supply analysis 
that costs per ton coal would not change with a larger 
number of retrofits. 

Assuming a premium price charged for this coal at 
$35 per ton, the f.o.b. preparation plant price is 
$1.25/MMBTU coal (d.b.). With chunk coal transpor-
tation charges of $0.138 to $0.171/MMB11J, the 
delivered cost of coal to a Crane boiler converted to 
fife DMC is $139 to $1.42/MMBTU. By comparison, 

TABLE 2 

MCWSF ANNUALIZED CAPITAL AND 08CM COSTS
(1993 Dollars)

$flon Clean 
Annual Cost	 Coal (d.b.) $MMB'FU 

Fixed 08CM Costs 
O&M Labor 
Maintenance Materials & Supplies 

Variable 0&M Costs 
Feed Coal 
Refuse Disposal 
Grinding Media 
Rotation Reagents Allowance 
Additive Package 
Electrical Power 
Capital Charges 

Total O&M and Capital Charges

	

$39,447	 10.00	 0.36 

	

39,708	 10.07	 0.36 

1,341 0.34 0.01 
2,209 0.56 0.02 

30,453 7.72 0.28 
5,509 1.40 0.05 

238,606 60.49 2.16 

$357,273 9057 3.23
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FIGURE 1 

MCWSF COSTS AS A FUNCTION OF CRANE BOILER EQUIVALENTS 
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MCWSF, with a minimum transportation charge of 
$0.869/MMBTU, does not match DMC's delivered 
cost of coal even when considering a MCWSF supply-
ing 50 Crane equivalents at $0.67/MMBTU at the 
preparation plant for a minimum delivered cost of 
$134/MMBTU. This comparison between the two 
fuel forms points out the critical need for considera-
tion of transportation costs, and in the cases where 
such a disparity in rates exists, to consider the pos-
sibility of alternate transportation scenarios. 

The delivered cost of coal fuel to a converted boiler is 
not the only consideration in assessing the tradeoffs 
between MCWSF and DMC fuels. The capital costs 
required to convert a boiler to fife DMC are higher 
than that required to convert a boiler to fire MCWSF. 
This differential in the capital costs of conversion is 
due to the additional equipment required to handle 
and store DMC safely, and in an environmentally 
aware manner, and to reduce the chunk coal to the 
micron size level necessary for firing in the boiler. 

An analysis of the differential fuel costs was carried 
out at varying discount factors and MCWSF market 
levels. The analysis considers the present value of the 
differential fuel costs over a 7-year operating period, 
with the delivered costs of MCWSF at 1, 10, and

50 Crane coal market levels. The results of the 
analysis are shown in Figure 2. At the worst case for 
MCWSF, one Crane coal market and zero percent dis-
count factor, the DMC technology has a cost ad-
vantage of $2.1 million (1993 dollars). It can be seen 
that MCWSF market levels cause the largest variation 
in the present value of differential fuel costs. At a 
4-percent discount rate, the advantage of firing DMC 
over MCWSF falls to $314,000 at a 10-Crane coal 
market level, and $92,000 at a 50-Crane coal market 
level. The differential in fuel costs can be treated as 
the maximum premium in capital and O&M costs for 
the conversion of a boiler to DMC over the MCWSF 
conversion technology on a total system basis. 

Conclusion 

The speculative costs of providing MCWSF and DMC 
fuels developed by Schaal and Gordon are intended to 
provide a preliminary evaluation of the merits of using 
each fuel for the Crane boiler. It was shown that the 
DMC fuel holds a cost advantage over MCWSF fuel as 
delivered to the boiler. This cost advantage for DMC 
held for MCWSF market levels equivalent to 50 times 
the Crane boiler requirement, with the major reason 
being the difference in the transportation rates be-
tween the two fuels. It was then shown that the dif-
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FIGURE 2 

PRESENT VALUE OF DIFFERENTIAL FUEL COSTS AT VARYING DISCOUNT FACTORS 
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ferential fuel cost could be translated into a capital and 
operation and maintenance cost premium for DMC 
boiler technology over the MCWSF boiler technology. 
A complete benefit/cost analysis comparison requires 
an estimate of both boiler conversion capital and opera-
tion and maintenance costs. 

EPRI SEES IGCC AS STILL MORE EXPENSIVE 
THAN OTHER POWERPLANT OPTIONS 

The Electric Power Research Institute (EPRI) has 
evaluated the cost of coal-fired Integrated Gasification 
Combined-Cycle (IGCC) powerplants, as presented in 
a paper by R. Wolk at Alternate Energy '94, held in 
La Quinta, California in April. 

The projected Cost Of Electricity (COE) from new 
grassroots coal-fired IGCC powerplants indicates that 
it is above the COE that would be obtained from new 
base-loaded natural gas-fired combined-cycle units 
(Figure 1). Moreover, this has been true for at least 
the last decade. Significant reductions during the same 
period in the projected capital cost of IGCC plants ap-

pear to have been matched by reductions in the cost of 
actual conventional coal-fired powerplants so that the 
investment requirement for an IGCC plant is still 
about 10 percent higher than that for a coal-fired 
plant. The 10 to 20 percent higher efficiency of the 
IGCC plant offsets the capital cost penalty, so its calcu-
lated COE is lower. As a result, the competitive posi-
tion of IGCC technology for new powerplants on a 
COE basis remains about the same or inferior to other 
options available at this time (Figure 2). 

IGCC advocates maintain that because of its superior 
environmental performance, IGCC will become the 
coal-fired technology of choice when natural gas prices 
rise to a level high enough to make coal-fired genera-
tion economically preferred. it is not clear that 
builders of power generation plants will immediately 
contract for IGCC plants as soon as the economics 
look favorable. Other, less tangible things such as com-
fort level with the technology in general, ability to start 
up the unit and bring it to rated performance without 
typical new technology bugs, and, most important, the 
ability to finance the project will be the dominant 
issues. 

Wolk suggests a number of approaches to hasten the 
acceptance of IGCC technology to the electricity 
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FIGURE 1 

BREAKEVEN CAPACITY FACTOR/ FUEL COST 
FOR CT, CC, AND 0CC POWERPLANTS 
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generating industry by reducing COE, reducing risk, 
and improving the buyer's comfort level. 

Reducing COE 

The traditional categories used in calculating the COE 
for a planned project are the capital investment, fuel, 
fixed and variable operting expenses, and byproduct 
revenue and disposal costs. In order to meet competi-
tive market requirements, it is suggested that a new 
approach be used in which projects are developed 
from the top down rather than the bottom up. What 
this means is setting targets for each of the cost 
categories so that the total cost meets the market need. 

Concurrent efforts by the process design, mechanical 
design, procurement, construction planning and operat-
ing teams could be integrated from the beginning of 
the project to minimize ultimate costs.

Another approach would be to repower existing 
facilities. In this way, coal-fueled IGCC projects may 
be able to compete with green-field natural gas 
combined-cycle projects (Figure 3). 

Current IGCC plant studies utilize gas turbines with 
firing temperatures of 2,350°F, which are commercially 
available at this time. However, these studies are for 
plants that will come online after the year 2000 when 
larger and more efficient gas turbines with firing tem-
peratures of 2,500°F will be the state-of-the-art. These 
attributes will lead to lower investment costs per 
kilowatt of capacity. it is recommended that future 
studies utilize these machines to present a more realis-
tic and more competitive picture for IGCC. These 
larger machines will couple well with the increased 
throughput anticipated for gasification units so that 
single trains should have capacities in excess of 300 to 
350 megawatts.
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FIGURE 2 

COST OF ELECTRICITY 
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alternatives to combined-cycle units. The cycles that 
have been evaluated in some detail are the IGHAT 
(Humidified Air Turbine), and IGCASH (Compressed 
Air Storage with Humidification). The IGHAT cycle 
utilizes an aeroderivative machine that is designed to 
better integrate waste heat and energy available in the 
system to eliminate a significant investment in high-
temperature heat recovery equipment. Further savings 
could occur because these machines are projected to 
have lower costs than combined cycles. The overall in-
vestment saving is estimated at more than 20 percent. 
The major impediment to further development of this 
cycle is the estimated cost of $200 million to develop 
and test an aeroderivative machine for this market. 
Lower-cost alternative approaches to the machinery 
needs are required if this cycle can ever be commercial-
ized. The IGCASH system is an approach which is tar-
geted at the cycling market and has the promise of 
higher efficiency than other alternatives. Each of these 
machines must first be commercialized for natural gas 
service. 

Lower Fuel Costs 
FIGURE 3 
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By converting all the sulfur compounds in fuel to 
elemental sulfur, 16CC technology solves an environ-
mental problem while creating a marketable 
byproduct. It also allows the use of the high-sulfur 
coals that are expected to become lower priced relative 
to low-sulfur coals that can be burned in conventional 
Pulverized Coal (PC) powerplants without scrubbers. 
In addition, 16CC plants have the obvious advantage 
relative to solid waste disposal costs over PC plants 
with scrubbers, atmospheric fluidized-bed combustors 
and pressurized fluidized-bed combustor plants which 
generate solid waste products in proportion to the sul-
fur content of the coals. Significant differences in the 
price of high-sulfur and low-sulfur coals should occur 
in the future as capital to open new lower-sulfur mines 
must be raised to meet increased demands. Existing 
high-sulfur coal mines should be able to deliver lower-
cost fuels to 16CC plants. 

SOURCE: WOUC 

Other Gasification Cycles 

EPRI has worked on the conceptualization and evalua-
tion of gasification powerplants that use gas turbines as

Risk Reduction 

Perhaps the single greatest concern facing the poten-
tial buyer of an 16CC plant is how to minimize the 
risk. The key issues are whether the plant will meet its 
performance, reliability, availability and maintenance 
goals. Better engineering and personnel training can 
help minimize risk. 
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Comfort Factor 

Another important consideration is increasing the com-
fort factor so that the project owner is more willing to 
take on the risk. Risk acceptance and minimization 
requires that the major components in the plant have 
been demonstrated elsewhere at a scale that is close to 
the new plant. Even more important is a successful 
demonstration of the integrated operation of those 
components. 

In addition, EPRI concluded that in order to make 
these plants more acceptable to the power generating 
industry, a significant effort should be undertaken to

make them look more like a powerplant and less like a 
refinery. Further, the elevation should be reduced to 
that typical of or less than current powerplants. 

Financial Approaches 

New financial approaches are also likely to have an 
important market impact. Perhaps a more equitable 
arrangement of risk and rewards between the initial 
developers and ultimate owners would encourage new 
IGCC projects to be formulated and consummated. 
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TECHNOLOGY 

PRODUCTION OF MATERIALS AND CHEMICALS 
FROM COAL HOLDS PROMISE 

The role of coal as a resource for non-fuel products 
was addressed in a paper by F. Derbyshire, et al., of 
the University of Kentucky Center for Applied Energy 
Research. The paper was presented at the 
207th American Chemical Society National Meeting, 
held in San Diego, California in March. A few 
selected materials--electrode coke, activated carbons, 
and carbon fibers--were reviewed in terms of their 
production, applications, and existing and future 
markets. 

Electrode Coke 

Graphite electrodes for arc-steel furnaces are 
generally manufactured from needle coke that is 
produced from selected petroleum feedstocks. Highly 
aromatic coal tar pitch, however, gives excellent needle 
cokes with developed anisotropy and low thermal ex-
pansion. The high coke yield from coal--approximately 
60 weight percent versus approximately 30 percent for 
petroleum--makes the coke the principal product of 
the delayed coking process, although the properties of 
coal tar, and hence of the coke, are dependent on the 
coal coking conditions. 

During the 1970s, the British Coal Corporation 
(formerly the National Coal Board) developed a 
process to produce a suitable substitute needle coke 
from coal via solvent extraction. Laboratory tests 
showed that cokes with a wide range of properties 
could be produced, ranging from isotropic to 
anisotropic, depending on the coal precursor and ex-
traction conditions. 

The coal extraction process was scaled up to construct 
and operate a pilot plant, which was later used in a 
project to demonstrate the feasibility of producing 
quality graphite electrodes from coal. Graphite 
electrodes (using coal tar pitch binder) were tested in a 
25-ton steel production furnace by British Steel Cor-
poration. 

A comparison of the properties of coal-derived 
electrodes with their petroleum-based equivalents pre-
dicted poor furnace performance, based upon the 
criteria normally considered to be important. 
However, the results of working trials showed that the

coal-based electrodes behaved comparably. This was 
mainly due to their toughness--although cracks 
developed relatively quickly, crack propagation was in-
hibited. While the demonstration project confirmed 
the potential of coal as a materials source for electrode 
manufacture, the work was not continued beyond 1979. 

Recent work has confirmed earlier results showing 
that different graphitic products can be obtained from 
the same coal, depending on the conditions of extrac-
tion. Extracts obtained under hydrogenation condi-
tions were more anisotropic than those obtained by 
non-hydrogenative solvent extraction. 

The global capacity for coke production of all types in 
1992 was about 21 million tons. Needle coke produc-
tion in 1992 was 13 million tons per annum. The sell-
ing price of needle coke is about $500 per ton. 

The production of anode coke for aluminum manufac-
ture was approximately 10 million tons. The cost of 
anode coke corresponds to its fuel value and is ap-
proximately $100 per ton. 

Activated Carbons 

Activated carbons are materials with highly developed 
internal surface area and pore volume, and hence have 
a large capacity for adsorbing chemicals from gases or 
liquids. The extensive industrial use of activated car-
bons is related to their unique properties and low cost 
compared to that of possible competitive adsorbents. 

Activated carbons are produced in the form of pow-
den, granules, and shaped products (pellets and 
extrudates). Activated carbons have also been 
produced in fibrous form from cellulose and pitch. 

Activated carbons are used in both liquid and gas 
phase applications for purification, environmental ap-
plications, chemical recovery, and catalysis. 

In 1987, liquid phase applications accounted for about 
80 percent of the total activated carbon use in the 
United States. The principal uses are as follows: 

Potable water treatment (24 percent) 

Industrial waste-water treatment (17 percent) 
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- Removal of color from sugars and foods 
(21 percent) 

Other applications include: 

Refining of foods, beverages and cooking oils 

Gold recovery from low-grade ores 

- Medical applications such as the recovery of 
antibiotics, vitamins and steroids from fermen-
tation broths; the removal of blood toxins; and 
as catalyst supports 

Activated carbons for gas phase applications are 
mostly microporous and usually in a shaped or 
granular form. They are used for: 

- Solvent recovery (26 percent) 

- Gasoline emission control in evaporative loss 
control devices (24 percent) 

- Air purification to remove toxic constituents 
and odors (18 percent) 

- Gas separation by pressure swing adsorption 
(6 percent) 

- Catalysis (16 percent) 

The world annual production of activated carbons was 
estimated to be in the region of 375,000 tonnes in 1990, 
excluding Eastern Europe and China. About 
55 percent of production is in powder form, 35 percent 
as granules, and the remainder as shaped carbons. 
The highest production capacity is in the United States 
(40 percent), followed by Western Europe (30 percent) 
and Japan (20 percent). 

The approximate selling price for granular or shaped 
carbons is $4.50 to $530 per kilogram, while for pow-
dered carbons it is closer to $2.00 per kilogram. 
Speciality carbons can be much more expensive. 

Consumption is increasing by about 5 to 7 percent per 
year. Growth will be primarily in areas affected by en-
vironmental regulations for the improvement of air 
and water quality.

Isotropic and Mesophase Pitch-Based Carbon Fibers 

Carbon fibers can be divided into four main types 
based upon polymers, rayon and polyacrylonitrile 
(PAN), upon pitch, or are vapor grown. Derbyshire, et 
al., focused on fibers that can be produced from pitch. 
Pitch-derived fibers can be divided into those produced 
from isotropic precursors, and those derived from 
pitch that has been pretreated to introduce a high con-
centration of carbonaceous mesophase. The former 
are low-performance, general purpose fibers, while the 
latter are high-performance products that can be 
produced with high tensile strength and very high 
modulus. 

The end uses of isotropic fibers allow them to be 
produced by melt-blowing, which produces short 
blown fibers and is relatively inexpensive, while the 
applications of high-performance fibers necessitate the 
production of continuous filaments. 

The costs of PAN, isotropic pitch and mesophase pitch 
fibers are in the region of $60, $22 and $90 per 
kilogram. The low precursor cost, lower processing 
costs and higher carbon yields contribute to isotropic 
pitch fibers being much cheaper than PAN fibers. For 
mesophase fibers, the additional step of mesophase for-
mation, and higher complexity of other processing 
steps result in a much higher fiber price. 

Low cost makes isotropic pitch fibers attractive for ap-
plications where high tensile strength or stiffness are 
not required. Examples include: 

- Enhancing the properties of composite fric-



tion materials for brake pads and clutches 

- Reinforcement of engineering plastics 

- Ablation and thermal insulating materials 

- Electrically conductive filler for polymers 

- Filter media 

- Paper and panels 

- Production of hybrid yarns with other fibers 
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Reinforcing concrete to improve flexural 
strength and other properties 

- Potential replacements for asbestos 

Because of their high modulus, mesophase fibers are 
used in aerospace structures, and the high thermal con-
ductivity of more recently developed fibers has opened 
applications for heat dissipation in areas such as high-
speed machinery, aircraft structures, and electronics. 
The cost of some of these specialized, ultra-high-
performance fibers can be many hundreds of dollars 
per kilogram. Even for the lower-cost products, their 
use is only readily justified in military and commercial 
aircraft applications and aerospace, where they can be 
used in materials that have performance characteristics 
unobtainable elsewhere. Reductions in the cost of 
mesophase fibers would substantially expand their ap-
plications into areas such as automotive structures. 

The worldwide production of all types of carbon fiber 
is in the region of 9,000 tonnes (1993). The largest 
growth is in general purpose fibers, which accounted 
for about 2500 tonnes in 1992, representing a 3-fold 
increase since 1989. Projections for 1994 are over 
5,000 tonnes, and by the year 2000, one estimate pre-
dicts 40,000 tonnes. 

In 1989-1990, approximately 25 percent of pitch-based 
fibers were produced from coal tar pitch, and the 
remainder from petroleum pitch. At that time, the 
production capacity for mesophase pitch fibers was 
800 tonnes, about 65 percent from coal tar pitch and 
35 percent from petroleum pitch. 

Activated Carbon Fibers From Pitch 

According to Derbyshire, et al., interest has developed 
in the activated forms of isotropic carbon fibers, where 
high surface areas can be produced by partial gasifica-
tion in steam or other oxidizing gas. Activated carbon 
fibers have novel properties that make them more at-
tractive than other, more conventional forms (powder 
or large-size carbons) for certain applications. 

High surface areas can be produced, and most com-
mercially produced fibers are microporous 
(< 2-nanometer diameter pores). The narrow fiber 
diameter essentially eliminates mass transfer limita-
tions, and adsorption and desorption rates are rapid--
roughly 2 orders of magnitude higher than for granular 
carbons. The fibrous form facilitates incorporation 
into woven and non-woven fabrics, felt, paper, and

specific formed shapes. Among the possible applica-
tions, activated carbon fibers are of interest for the ad-
sorption and recovery of organic vapors, removal of 
SO, and NO from flue gas, and for water treatment. 

LIQUEFACTION OF LOW-RANK COALS COULD 
LEAD TO SPECIALTY CHEMICALS 

Significant progress has been made recently in the 
development and application of aromatic engineering 
plastics, thermoplastic materials, liquid crystalline 
polymers, and membrane materials. Some of the 
monomers for making these advanced materials can be 
prepared from one- to four-ring aromatics, which can 
be produced by liquefying coals. In low-rank coals 
(lignite and subbituminous), most of the aromatic struc-
tural units contain one or two rings, such as phenol, 
alkylphenols, alkylbenzenes and small amounts of alkyl-
naphthalenes. In high-rank coals (bituminous), two- to 
four-ring structural units seem to be more prevalent. 

In a study by L. Huang, et al., of Pennsylvania State 
University,three low-rank coals, including two sub-
bituminous and one lignite, were liquefied in an at-
tempt to produce one- or two-ring aromatic chemicals. 
The coal samples were a Big Brown subbituminous 
(DECS-1), a Montana subbituminous (DECS-9), and 
a North Dakota lignite (DECS-11). Compositional 
data are summarized in Table 1. 

Reaction conditions (temperature, catalyst and reac-
tion solvent) were studied in order to find the optimum 
conditions under which progressive reactions are maxi-
mized while retrogressive reactions are minimized, and 
thus high conversions can be achieved. The liquefac-
tion products were characterized by solid-state 
13C Nuclear Magnetic Rresonance (MAR) spectros-
copy, Gas Chromatography (GC) and gas 
chromatography/mass spectrometry, and correlated to 
the reaction conditions. This study was reviewed in a 
paper presented at the 207th American Chemical 
Society National Meeting, held in San Diego, Califor-
nia in March. 

Results 

The structures of low-rank coals are characterized by 
smaller aromatic ring clusters joined by a higher 
proportion of weak crosslinks than coals of higher 
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TABLE 1 

ANALYSIS OF THE COAL SAMPLES 

DECS-1 DECS-11 DECS-9 

Sources & Rank 
State Texas North Dakota Montana 
County Freestone Mercer Bighorn 
City Fairfield Decker 
Seam Bottom Beulah Dietz 
ASTM Rank Subbit C Lignite Subbit B 
Sampling Date 12/11/89 6/15/93 6/12/90 

Proximate (Wt%, or) 
Moisture 30.0 33.4 24.7 
Ash 11.1 6.4 4.8 
Volatile 33.2 37.4 33.5 
Fixed Carbon 25.8 22.9 37.1 

Elemental (Wt%, dmml) 
Carbon 76.1 74.2 76.1 
Hydrogen 5.5 4.4 5.1 
Nitrogen 1.5 1.0 0.9 
Organic Sulfur 1.1 0.4 03 
Oxygen 15.8 20.0 17.5

rank. This kind of structural feature results in their 
thermally sensitive natures. The bond cleavages of 
those weak crosslinks may occur at low temperatures 
to yield free radicals. If the radicals are not stabilized, 
retrogressive reactions producing materials difficult to 
liquefy will take place. 

Therefore, it is important to determine the optimum 
temperatures for each coal at which thermal cleavages 
readily occur while retrogressive reactions are unlikely 
to occur. Liquefaction experiments were carried out at 
250, 300, 350, 400 and 450°C with the presence of 
and the absence of a catalyst and a solvent. The con-
version data are shown in Figure 1. At 350°C and 
below, reactions of all three coals are limited, with con-
versions below 20 percent. As temperature increases 
to 400°C and 450°C, conversions significantly and con-
tinuously increase. However, a previous study showed 
that although a temperature of 450°C seemed to yield 
high conversions, it caused severe retrogressive reac-
tions which were indicated by high aromaticities of the 
reaction residues. Therefore, 400°C is considered to 
be the best temperature for liquefaction of these coals.

Even at the optimum temperature of 400°C, no more 
than 50 percent of the coals can be converted to THF 
(Tetrahydrofuran) solubles when neither a catalyst nor 
a solvent is involved. In an effort to enhance the con-
versions, Ammonium Tetrathiomolbydate (A'fl'M) 
was added as a catalyst precursor, tetralin and 
1-methylnaphthalene were used as a hydrogen donor 
and a non-donor solvent, respectively. By using the 
catalyst, the conversions were increased from 45.0 to 
95.5 percent for the DECS-1 coal, from 24.2 to 
78.5 percent for the DECS-9 coal, and from 30.6 to 
63.5 percent for the DECS-11 coal. These increases 
are contributed by significant gains in oils and asphal-
tenes. 

The gas yields in the catalytic and non-catalytic reac-
tions are similar for each coal, which is in agreement 
with earlier observations that the gas yield is a function 
of temperature, and the use of the catalyst or the 
donor solvent has no significant effect on it. 

To maximize the conversion, tetralin and 
1-methylnaphthalene (1-MN) were applied in addition 
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FIGURE 1 
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to the catalyst. As a donor solvent, tetralin further 
causes more coal converted to TI-IF solubles for 
DECS-9 and DECS-11. For DECS-1, there is no in-
crease in conversion, although that is because even 
with only the catalyst, the conversion reaches 
95 percent. This may already be the practical maxi-
mum conversion limit. 

As a non-donor solvent, 1-MN has an insignificant ef-
fect on the conversions of all the three coals. Compar-
ing conversions at different reaction conditions, it was 
found that adding the catalyst is sufficient to achieve 
the highest conversion for the DECS-1 coal; while it is 
necessary to add both the catalyst and the donor sol-
vent for the DECS-9 and the DECS-11 coals. Among 
these coals, the DECS-11 is relatively unreactive, its 
conversion can reach only about 80 percent at the best 
reaction condition applied. 

To produce materials from a coal for making specialty 
chemicals, a high conversion has to be achieved and, 
more importantly, those desirable structural units in 
the coal macromolecular network must be converted 
to individual molecules. In the work of Huang, et al., 
one- to four-ring aromatic or alkylaromatic com-
pounds were desired.

To determine the amounts of aromatic carbons con- 
verted, the reaction residues as well as the vacuum-
dried coal samples were analyzed by CPMAS (Cross 
Polarization Magic Angle Spinning) 13C NMR. Con-
verting aliphatic carbons from the coal networks to 
TIfF solubles was found to be much easier than con-
verting aromatic carbons. At 400°C, even without 
catalyst or solvent, over 50 percent of aliphatic carbons 
are converted for all three coals. Adding the catalyst 
can increase the aliphatic conversions. Furthermore, if 
tetralin is used in addition to the catalyst, slight in-
creases in the aliphatic carbon conversions of DECS-9 
and DECS-11 are observed, while that of DECS-1 
shows almost no change. Comparing these three coals, 
the aliphatic carbons in DECS-1 are the easiest to be 
converted; those in DECS-11 are the least. 

The aromatic carbons appear to be more difficult to 
remove from the coal networks, and they are affected 
more strongly by the catalyst or the donor solvent than 
the aliphatic carbons. Without the presence of the 
catalyst or the donor solvent, less than 20 percent can 
be converted. For the DECS-9 coal, the conversion is 
negative, meaning that there are more aromatic car-
bons than in the beginning. This result indicates the 
occurrence of retrogressive reactions. Therefore, to 
convert the aromatic carbons, it is crucial to use the 
catalyst, the donor solvent or both. For the DECS-1 
coal, the catalyst is sufficient to achieve over 
95 percent aromatic conversion; for the DECS-9 coal, 
with both the catalyst and the donor solvent, 
98 percent can be obtained; while for the DECS41 
coal, the least convertible coal in terms of conversion, 
even with both the catalyst and the donor solvent, only 
about 70 percent aromatic conversion can be achieved. 

The asphaltenes and the preasphaltenes were also 
studied by CPMAS 13C NMR, but their spectra look 
so much like the vacuum-dried coals that they cannot 
be characterized without other analytical techniques. 
The hexane solubles, defined as oils, were analyzed by 
gas chromatography, identified by gas 
chromatography/mass spectrometry. In low-rank 
coals such as DECS-9, small aromatic clusters 
dominate, and they are connected by aliphatic 
crosslinks. Once the crosslinks break, these small 
aromatic clusters will be released. 

In the DECS-9, one-ring structural units are abundant 
and thus when liquefying the coal, toluene (instead of 
benzene) will be a major product, because the benzylic 
C-C bond has a much lower dissociation energy than 
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the phenyl C-C bond. Relative to those of aliphatics, 
the amounts of aromatic compounds in the oil are 
much smaller, indicating that this reaction condition 
suppresses the production of aromatic compounds in 
the oil. Comparing with the case without the catalyst 
or the donor solvent, adding ATTM into the reaction 
system appears to favor the yields of aromatic com-
pounds. The alkylbenzenes, phenol and allcylphenols 
are the major components in the oil. This observation 
agrees with earlier fmdings that the catalyst is par-
ticularly effective in converting the aromatic carbons 
from the coal to THF solubles rather than converting 
the aliphatic carbons. Furthermore, when tetralin is 
used in addition to the catalyst, the yields of phenolic 
compounds remain high; the one-ring aromatics seem 
to be in a lower proportion; and the yields of two-ring 
aromatics such as indane, ailcylindanes and ailcylnaph-
thalenes have increased. 

It is likely that the increased yields of alkylindanes and 
alkylnaphthalenes are due, at least in part, to the use 
of tetralin. In the CC study, three- or low-ring com- 
pounds appear to be in small amounts and not affected 
by either the catalyst or the solvent. This may be be-
cause they are less abundant than the one- or two-rings 
in the coal, or because their solubilities in hexane are 
less and therefore it is hard to detect the differences at 
different cases. 

Conclusions 

In liquefaction of the three low-rank coals, the op-
timum temperature was found to be 400°C. Reactions 
without the catalyst or the donor solvent provide low 
conversion, i.e., less than 50 percent, for all three coals. 
As for the DECS-1 coal, the AflM-derived catalyst is 
sufficient in terms of a high conversion. As for the 
DECS-9 coal, only when both the catalyst and the 
donor solvent are used can conversion as high as 
98 percent be achieved. For the DECS-11 coal, even 
under the best reaction conditions, which is at 400°C 
with the catalyst and the solvent, the conversion 
reaches only 78 percent. Therefore, the DECS-11 coal 
is the least convertible coal among the three, according 
to the authors. 

The investigation on reaction residues by solid-state 
NMR shows that it is relatively easier to convert 
aliphatic carbons from coals to THF solubles, and that 
the catalyst and the donor solvent can both be benefi-
cial but the effects are moderate. The amounts of 
aromatic carbons being converted from the coals ap-
pear to be small when the catalyst or the donor solvent

is not present, and they can even be negative, indicat-
ing that retrogressive reactions have occurred. Adding 
the catalyst and the solvent significantly enhances the 
reactions of aromatic carbons. 

The study of the oils agrees with what has been ob-
served on the residues. Without the presence of the 
catalyst or the solvent, the oils contain large amounts 
of long-chain alkanes; while with the catalyst and the 
donor solvent, more aromatic materials, such as 
phenolic compounds, alkylbenzenes and some two-ring 
compounds, can be produced. With further extraction 
and purification, these compounds might be used as 
for making specialty chemicals for some advanced 
materials. 

BRIQUET1'ING OF COAL CONSIDERED AS AN 
UPGRADING PROCESS 

Since more than 100 years ago, briquetting has played 
an important role in many countries during the upgrad-
ing of different types of coal, from soft to hard. In ad-
dition to the better shape and size of briquetted coal, 
often other properties are also improved, such as heat-
ing value, water resistance, thermal shock resistance 
and transport and storage characteristics. In many 
cases coal is also dried in connection with briquetting. 

A paper by W. Pietsch and H. Gunter of Koppern 
Equipment Inc., provided a survey of technologies 
which are available for binderless briquetting of lignite 
and subbituminous and bituminous coal or anthracite. 
This paper was presented at the 19th International 
Technical Conference on Coal Utilization and Fuel Sys-
tems, held in Clearwater, Florida in March. 

The advent of the steam engine at the beginning of the 
industrial age in the early 19th century created a 
greatly increased demand for "lumpy but cheap car-
bonaceous fuel. This trend continued and further in-
creased as, later, electricity was produced in coal-fired 
powerplants. 

An industrial, continuous manufacturing method was 
desired using machines for the large-scale production 
of bricks with reproducible size, shape, and quality. 

Within a relatively short period of time, briquetting 
machines were invented and developed for industrial 

-
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use applying the principles of punch and die pressing, 
ram extrusion and roll pressing.

FIGURE 1 
The punch and die presses were only economical as 
long as large bricks, weighing up to 10 kilograms each, 
were accepted, which was the case for early steam en-
gines. The quickly developing need for large amounts 
of briquetted carbonaceous fuels allowing bulk 
transportation, storage and handling necessitated the 
production of much smaller, mostly pillow- or egg-
shaped briquettes which also guarantee a uniform fuel-
bed structure that is neither too open nor too dense. 
Roller presses satisfy these requirements. The ram ex-
truder always offered special advantages if relatively 
loose, elastic organic material had to be processed. 

At the beginning, coal briquetting reached its greatest 
importance in the traditional European industrial 
zones located in England and Central Europe. Be-
tween 1890 and 1910, the number of plants in this area 
increased, and the number of roller presses reached 
243 at the end of the period. In terms of capacity, a fur-
ther increase was obtained during the next 10 years a!-
though some older, smaller plants were being phased 
out. 

During the Great Depression, production figures 
dropped, followed by an increase during World War II 
(United States). After 1947, natural gas and oil began 
once again cutting into briquette production. 

At this time, briquetting of coal has decreased in all 
countries to marginal levels (Figure 1). The reasons 
for this development are 3-fold: 

Elimination of typical users, particularly steam 
locomotives and stoker-fired boilers 

- Excessive cost as compared with other fuels 

- Anti-pollution regulations 

Today, in the Western industrialized world, a few com-
panies remain in business that are capable of manufac-
turing one of the two types of briquetting machines 
suitable for coals. 

New Developments In Coal Briquettlng 

New developments in briquetting techniques were 
achieved during the decline in demand. These develop-
ments were either directed toward a more-economical 
production of briquettes to render this fuel more com-
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petitive or the manufacturing of "compliance fuel," bri-
quettes that can be burned without violating anti-
pollution laws. 

To achieve more-economical production, both ram ex-
trusion and roller presses have been redesigned exten-
sively. 

Other important developments concerned "smokeless" 
or "compliance" fuels. For example, most of the cook-
ing and space heating in Japanese households was ac-
complished with charcoal fifes. This practice made 
smokeless fuel a virtual necessity in that country. 

Generally, smokeless or compliance fuel briquettes can 
be made from: 

- Natural "compliance coal," including some 
anthracites and many of the subbituminous 
coals; for example, from the Powder River 
Basin in Wyoming 
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Coke from various manufacturing processes, 
involving low- and high-temperature car-
bonization 

To make use of natural hard compliance coal for the 
production of smokeless fuels, alternate binders must 
be used or new binders need to be developed. The con-
ventional coal briquette binders coal tar pitch, 
bitumen, asphalt, and similar byproducts from oil 
refineries are not only sources of air pollutants but also 
tend to emit carcinogens. 

The low-sulfur subbitusninous coals typically contain 
high amounts of moisture (30 to 50 percent) and there-
fore must be dried prior to briquetting, also to improve 
their heating value. After drying, these coals exhibit a 
pronounced tendency to self-ignite. Therefore, the bri-
quetting technology must also solve this problem by 
either forming binderless, highly dcnsilied, inert bri-
quettes or the application of suitable binder(s), accord-
ing to Pietsch and Gunter. 

Economical solutions for coal briquetting require 
presses capable of handling large amounts. Modern 
technologies prefer roller presses because of their con-
tinuous operation. 

Considering all new developments available today, 
roller presses can be supplied with capacities per unit 
of 100 to 150 tons per hour for the manufacturing of 
compliance fuel from coal. 

Most of the previously mentioned technologies process 
various hard, bituminous and anthracite coals. Large 
reserves of soft coals exist in many parts of the Earth, 
however, and some of these reserves have been used in 
the form of briquettes. 

In Germany, in particular, soft coals have been con-
verted to briquettes for use in industrial heating, home 
heating, gasification and carbonization. 

Conclusions 

Coal briquetting, which quickly grew into an important 
industry during the second half of the 19th century, 
started to decline during the first half of the 
20th century and, after a short rejuvenation following 
World War II, continued its decline until it received a 
final blow, at least temporarily, with the fall of the 
former Soviet bloc. Parallel to this development, en-
gineering companies and equipment manufacturers 
also disappeared.

On the other hand, advanced and specialized coal bri-
quetting developments as well as diverse know-how are 
available which could be used for the production of 
compliance fuels for coal. The authors suggested that 
some of these technologies can even be applied to con-
vert biomass (which is available in huge amounts at 
low cost and now, by law, requires processing) into 
quality fuels. 

DILUTED SYNGAS YIELDS LOW NO EMISSIONS 
FOR 16CC POWERPLANTS	

x 

The Electric Power Research Institute (EPRI) has 
sponsored a series of syngas combustion tests with a 
full-sized General Electric (GE) 7F diffusion-type com-
bustor in the GE combustion laboratory. The tests, 
described in AFPS Developments, were performed in 
conjunction with GE, Shell, and the United States 
Department of Energy. Integrated Gasification 
Combined-Cycle (IGCC) powerplants need diluent to 
be added to the combustion zone in order to obtain 
low NO emissions. Without diluent, NO values of 
300 to 400 ppm have been measured with diffusion-
type combustors. Test N2, 1120 and CO  diluents 
were run utilizing syngases with various proportions of 
112 and CO. NO values below 10 ppm were achieved 
when the level of"dilution lowered the flame tempera-
ture to below 3,300°F (Figure 1). This corresponds to 
a fuel heating value of below 140 BTU per standard 
cubic foot. Further dilution of the syngas to heating 
values of less than 90 to 100 BTU per standard cubic 
foot lowered the NO level a further order of mag-
nitude. 

For syngases where hydrogen constituted more than 
50 percent of the gas (on a molar basis), the emissions 
of carbon monoxide were low, however, for syngases 
with hydrogen making up only 33 percent of the fuel, 
dilution of the fuel below 140 BTU per standard cubic 
foot tended to cause a rise in the carbon monoxide 
emission levels. 

The overall conclusion from these tests is that they 
showed that the standard 7FA combustor could 
operate successfully on any commercially available 
gasification process syngas. By using dilution to lower 
the heating value of the syngas to 140 BTU per stan-
dard cubic foot, less than 10 ppm NO would be pre-
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FIGURE 1 

NOx REDUCTION RATIO
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dictcd to be produced, and 25 ppm could be 
guaranteed. 

Another EPRI study with GE showed when using 
diluted syngas, the power of the GE Frame 7FA could 
be raised from 159 megawatts up to 192 megawatts. 
This would be accomplished through the opening of 
the first-stage nozzles of the turbine and by tighter con-
trol of compressor surge. 

PSI Energy is repowering a 100-megawatt steam tur-
bine at its Wabash River Station, through addition of a 
GE Frame 7FA gas turbine operating on coal-derived 
syngas. The syngas is to be produced by Destec 
Energy through gasification of high-sulfur Indiana 
coal. Prior to 1992, GE was unwilling to guarantee a 
power output for the Frame 'WA engine operating on 
syngas of greater than 155 megawatts. Operation on 
syngas had the potential of greatly increased power out-
put as compared to operation on natural gas because 
of significantly increased mass flow. 

Based on revised GE guarantees that followed the 
EPRI test results, PSI designed the Wabash River 
combined-cycle unit for a gas turbine output of 
192 megawatts and for a NO emission of 25 ppmv 
(0.1 pound per thousand BTIJ). The NO1 emission

level is based on a syngas specific energy of 140 BTU 
per standard cubic foot (low heating value) and utiliza-
tion of steam as the diluent. This design resulted in sig-
nificant cost savings due to increased revenues from 
electricity sales and the elimination of the requirement 
for a selective catalytic reduction unit for NO1 control. 

In 1991, Tampa Electric considered building a commer-
cial single-train IGCC powerplant. At that time, GE 
was willing to guarantee only the same power output 
with syngas fuel as with natural gas for a Frame 7Fen-
gine, because this would limit net plant output to un-
der 200 megawatts. The resulting IGCC plant would 
not be cost-effective. 

Based on the same EPRI programs described above 
that led to revised GE guarantees, the gas turbine 
power was increased to 192 megawatts, resulting in the 
overall combined-cycle power of 250 megawatts. 
Again, NO

"
emissions were reduced from the previous 

guarantee of 75 ppm to below 25 ppmv (0.1 pound per 
thousand 8Th), utilizing nitrogen as the diluent. 

In the Tampa Electric plant, however, the nitrogen 
diluent will not be directly mixed with the syngas but 
will be separately injected into the combustor. This 
saves on the power required to compress the nitrogen, 
because a significantly lower pressure is required to 
just inject the nitrogen into the combustor, in com-
parison with the higher pressure required For injection 
of the syngas upstream of the fuel flow control valve. 

As part of the syngas combustor testing, syngas simulat-
ing that of the Texaco gasification process was com-
busted using, alternately, separate nitrogen injection 
and direct mixing with the syngas. This testing showed 
that NO1 production with separate nitrogen injection 
was almost as low as with direct mixing, and would 
easily meet the required 25 ppmv NO1 guarantee. 

COMBINATION COREX/MIUREX PROCESS 
OFFERS BENEFITS FOR IRONMAKING 

Steelmakers worldwide are reducing costs and improv-
ing quality by modernizing and restructuring opera-
tions. New ironmaking technologies are being 
developed with low environmental impact and good 
economics. According to the first quarterly report for 
1994 of MIDREX Direct Reduction Corporation, the 
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COREX process satisfies both these needs and is the 
only industrially proven alternative to the conventional 
blast furnace/basic oxygen furnace route for producing 
hot metal. 

Direct-Reduced Iron (DRI) is an excellent feed 
material for ironmaking and steelmaking operations. 
Each year since 1987, the MIDREX Direct Reduction 
process has produced over 60 percent of the world's 
DRI. 

COREX Process 

The COREX process, supplied by Voest-Alpine In-
dustrieanlagenbau of Austria and Deutsche Voest-
Alpine Industrieanlagenbau, produces hot metal using 
non-coking coal. It thus avoids the environmental 
problems associated with cokemaking. Also, it is 
economic at production volumes as low as 
300,000 metric tons per year and is thus well-suited for 
many steelmaking operations. 

A commercial COREX plant has been operating at 
Iscor's works at Pretoria, South Africa, since 1989. 
The plant produces over 300,000 metric tons per year 
of hot metal. 

In the first stage of the process, lump iron ore, iron 
oxide pellets, sinter feed, or a mixture are charged into 
the COREX shaft furnace and reduced approximately 
90 percent. The gas used for reduction is generated in 
a separate melter/gasifier vessel. Discharge screws 
convey the reduced iron into the melter/gasifier, 
where final reduction and iron melting occur. 

The reducing gas is produced in the melter/gasilier by 
gasification of coal using oxygen. The temperatures, in 
excess of 1,000°C, in the melter/gasifier convert the 
higher hydrocarbons in the coal gas to carbon 
monoxide (CO) and hydrogen (2) are undesired 
byproducts such as tars and phenols e not a problem. 

The untreated gas consists primarily of CO and H2 and 
contains dust, ash, and iron particles. Most of the dust 
is separated from the gas in a hot cyclone and recycled 
to the melter/gasifier. A special oxygen dust burner 
converts the carbon-bearing portion of the dust to CO 
and melts down ash and residual Imes. The cleaned 
reduction gas is injected into the reduction shaft, 
where it contacts the counter-flowing iron oxide and is 
desulfurized. Cooling gas is used to control the redue-

tion gas temperature within the thermodynamically op-
timum range of 8009 to 850°C. 

The top gas leaving the shaft is cleaned and cooled in a 
scrubber and can be used for electricity generation, 
process heating, or production of DRI. Production of 
DRI provides an "all-metal" option that can be an excel-
lent alternative. 

COREX Gas Pretreatment 

The first step in the use of COREX export gas for 
direct reduction is carbon dioxide (CO 2) removal. 
This increases the gas quality and provides br efficient 
reduction in the MIDREX shaft furnace. 

CO2 removal is effected by proven processes such as 
pressure-swing adsorption or ethanolamine scrubbing. 
The gas exits the CO  removal system at ambient tem-
perature. 

To achieve the optimum reducing temperature in the 
shaft furnace, the reducing gas must be heated. The 
first step is heating to 400°C in a heat exchanger. 
Next, the gas is rapidly heated to the reduction tem-
perature of 850°C to avoid carbon formation. This is 
done by burning a small portion of the reducing gas 
with oxygen and injecting it into the main gas stream. 

MIDREX Shaft Furnace 

The MIDREX process converts iron oxide in pellet 
and lump form to DRI in a vertical shaft furnace. Al-
though the predominant reductant is natural gas, other 
hydrocarbon fuels, such as COREX export gas, can be 
used. 

The hot reducing gas enters the MIDREX shaft fur-
nace and flows upward, reducing the counter-flowing 
iron oxide. The reduced iron descends to the lower 
zone, then to the bottom of the shaft, where it is con-
tinuously discharged. 

The top gas exiting the shaft furnace contains addi-
tional CO  and HO, which must be removed prior to 
recycling. Water is separated by condensation during 
wet scrubbing, and CO  removal is done in the CO  
removal system. 

There are two alternatives for discharging the 
material--as DRI in pellet and lump form, or as Hot-
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Briquetted Iron (HBI). If the iron is to be used in an 
adjacent steel mill, it is cooled and discharged as DRI; 
if it is to be exported, it is hot-briquetted.

The combination of COREX/MIDREX provides steel-
makers an excellent ironmaking alternative for a green-
field or retrofit project. The benefits are: 

Ii) 1 I	 - Lower environmental impact 

In the lower zone of the shaft furnace, the DRI is 
cooled to near ambient temperature by counter-
flowing cooling gas. This also increases the product 
carbon content. The spent gas is collected at the top 
of the cooling zone, cooled and scrubbed, then 
recycled back to the shaft furnace. The cooled DRI is 
continuously discharged from the shaft furnace at near 
ambient temperature. 

Metallized fines and dust are screened out and sent to 
the melter/gasifier of the COREX plant. This 
provides for efficient recovery of iron units. 

HBI 

When hot-briquetting is included in the MIDREX 
process, the cooling gas circuit is eliminated and hot 
DRI is discharged from the shaft furnace. Briquetting 
machines compact the hot material to produce HBI. 
The briquettes are separated in a special device and 
discharged to a vibrating screen. Metallized chips and 
fines pass through the vibrating screen and are 
recycled to the briquetting machines. The briquettes 
are quenched in a water bath to approximately 100°C, 
which is sufficient temperature to fully dry them prior 
to storage. 

COREX/MIDREX Process 

The combination of the COREX process and the 
MJDREX process (Figure 1, next page) provides an 
excellent ironmaking route. COREX plants are avail-
able in two standard configurations: 

- COREX plant C-bOO, with a nominal annual 
capacity of 300,000 tons of hot metal, 

COREX plant C-2000, with a capacity of 
600,000 metric tons per year 

The export gas from a COREX plant is sufficient to 
produce DRI at 60 percent or more of the volume of 
hot metal. Thus, a COREX/MIDREX facility enables 
the production of 03 to 1.2 million metric tons per 
year of iron.

- Lower economy-of-scale than the coke oven-
blast furnace route 

Potential for electric arc furnace and basic 
oxygen furnace steelmaking 

ENERGY AND ENVIRONMENTAL RESEARCH 
CENTER PATENTS LIQUEFACTION PROCESS 

A new coal liquefaction process has been patented by 
the University of North Dakota's Energy and Environ-
mental Research Center (EERC), the EERC an-
nounced in March. 

Preliminary economic evaluations show that the 
process, which is designed to use lignitic and sub-
bituminous coals (low-rank coals), can produce syn-
thetic petroleum at costs 30 to 40 percent below the 
$31-per-barrel cost of existing coal liquefaction tech-
nologies using bituminous coal. The process is more 
economical when incorporated into an existing synfuels 
plant. 

The EERC's direct liquefaction process research is 
funded by the United States Department of Energy 
(DOE). It differs from other coal liquefaction 
processes because it uses less-expensive low-rank coals 
and requires less energy, resulting in a more economi-
cal conversion process. By using geologically younger, 
more-reactive, low-rank coal such as North Dakota lig-
nite, the EERC's process takes advantage of the coal's 
characteristics to snip chemical bonds, using substan-
tially less energy. In a key test conducted at the 
EERC, virtually all of the moisture- and ash-free coal 
fed into the liquefaction system was successfully con-
verted to premium petroleum distillate, oxygenated li-
quids and product gas. Additional research is planned 
at EERC to conduct more-refined engineering and 
economic evaluations to further verify the process. 

The objective of the DOE-EERC research effort is to 
expand the scientific and engineering knowledge of 
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FIGURE 1 
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low-rank coal liquefaction by investigating direct li-
quefaction processes that can produce the most com-
petitive liquid fuels. The research focuses on develop-
ment of a process designed specifically for low-rank 
coals that results in a nearly complete conversion of 
coal with significantly improved yields of synthetic 
petroleum. For this work, a cooperative agreement is 
administered by DOE's Morgantown Energy Technol-
ogy Center, while the liquefaction research is managed 
by DOE's Pittsburgh Energy Technology Center.

MOLTEN CAUSTIC LEACHING MAY BE 
FEASIBLE AT LOW CAUSTIC/COAL RATIOS 

Many studies of Molten Caustic Leaching (MCL) of 
coal have been conducted using a large excess of liquid 
caustic (3:1 caustic/coal or higher) so that, with stir-
ring, coal is suspended in it. This provides a uniform 
temperature throughout the mixture and is preferred 
for chemical research. 

Because the use of less caustic could offer cost ad-
vantages, PCR Technologies studied MCL at low 
caustic/coal ratios. The results of these studies are dis-
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cussed in a paper by F. Steffgen, et al., presented at the 
207th American Chemical Society National Meeting, 
held in San Diego, California in March. 

The objectives of this work have been to examine 
MCL under conditions that could be used for commer-
cial chemical coal cleaning. This has meant using 
reasonably, low levels of acid, water and caustic. Tests 
have been made using coal from three different seams: 
Western Kentucky No. 9, Illinois No. 6, and a low- and 
a high-sulfur Pittsburgh No. 8. The goal of the work 
was to meet New Source Performance Standards 
(NSPS) for the year 2000. (NSPS will require certain 
coal-burning facilities to emit no more than 12 pounds 

so  per million BTU by the year 2000.) 

Most of the experiments were conducted in a small 
pipe reactor containing a stirrer blade having a width 
nearly the diameter of the pipe. Sodium hydroxide 
beads were used to give the desired caustic/coal ratio. 
Reaction temperatures of 350 to 430°C were used. 

A few larger-scale runs were made using a 6-liter 
stirred reactor so that a partially or completely desul-
furized product could be made from 400 to 
2,000 grams of the coal. 

Results 

High-sulfur Pittsburgh No. 8 coal was found to be the 
most resistant to MCL of the three coal seams 
selected. Over 80 tests were made with this coal in 
Phases I and If of the project. A low-sulfur Pittsburgh 
No. 8 coal was also tested in 6 runs, 21 tests were made 
with Illinois No. 6 coal, and over 50 tests with Western 
Kentucky No. 9 coal. Few tests met NSPS, and then 
only from low-sulfur Pittsburgh No. 8 and Kentucky 
No. 9 coals treated at 2:1 caustic/coal ratio and tem-
peratures of 390°C or higher. 

In MCL treating, pyritic sulfur is much more reactive 
than organic sulfur and can be removed at a tempera-
hire about 100°C lower than is necessary for desulfuriz-
ing organic sulfur structures in coal. Thus, effective 
MCL treating becomes a matter of removing organic 
sulfur. The problem, at first glance, might seem to be 
due to the slow desulfurization reaction rate of organic 
sulfur in coal. However, longer reaction time often 
had little effect on desulfurization with these coals. 
Poor reactivity could best be attributed to more-
resistant sulfur bonds after the facile carbon-sulfur 
bonds had reacted or to some form of reversible reac-
tion.

Therefore, an investigation into sulfide as a possible 
byproduct that could interfere with coal desulfurization 
by a reversible or retrograde reaction was begun. 
When pyrite was effectively removed from Kentucky 
No. 9 coal, the organic sulfur content remained essen-
tially unchanged. The presence of sulfide in the caustic 
dearly prevented desulfurization of organic sulfur. A 
hypothesis that MCL desulfurization can be affected 
by the concentration of sulfide in caustic was formu-
lated. 

Another coal, the low-sulfur Pittsburgh No. 8 was 
used for a second series of tests to see if it was 
similarly sensitive to a change in sulfide concentration. 
In a "pretreat" step, the coal was depyrited, yielding 
very low pyrite coal with an organic sulfur content 
elevated about 25 percent to 1.26 weight percent. This 
depyrited, low-sulfur coal was then used in second-step 
MCL reactions. With as little as 0.25 ratio, the 
NSPS 2000 sulfur dioxide limit was almost achieved, 
and the higher-ratio tests were well below the NSPS 
limit by 25 to 65 percent. Two-step MCL treating was 
necessary to produce NSPS compliance coal when 
using 0.75 and lower ratios, but it is apparent that 
there are coals of moderate to low sulfur content that 
would respond well to MCL treating at low ratios. 

Experiments with high-sulfur Pittsburgh No. 8 coal in-
dicated that two-step, low-ratio treating offers promise 
for achieving NSPS compliance product even from a 
high-sulfur coal. 

In another experiment, excellent chemical cleaning of 
Pittsburgh No. 8 was obtained using a high ratio, 5:1, 
for 25 minutes at 400°C. However, sulfur removal was 
found to be reversible with treatment in the presence 
of NaOH and sulfide as in a MCL test. 

If sulfide concentration builds up sufficiently, a 
retrograde sulfurizing reaction can occur that will limit 
or possibly slowly increase the organic sulfur content in 
coal. Whether the same type of organic sulfur com-
pounds form as are desulfurized has not been deter-
mined. 

Conclusion 

MCL desulfurization of coals from three coal seams at 
low caustic/coal ratios was studied. Ratios at 2:1 were 
successfully used in single-step MCL reactions for 
treating of a 2-weight percent sulfur Pittsburgh No. 8 
coal and a 3.4-weight percent sulfur Western Kentucky 
No. 9 coal to achieve NSPS 2000 compliance product, 
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1.2 pounds SO  per million BTU. Coals having over 
4 weight percent sulfur were not successfully treated 
under the same conditions, but a 4.4-weight percent sul-
fur Pittsburgh No. 8 coal in a two-step reaction at a 
0.75:1 ratio of caustic/coal did achieve this goal. 

Experiments have demonstrated that desulfurization is 
sensitive to the presence of sulfide in caustic during 
MCL treating. Reducing sulfide concentration by

depyriting a coal before MCL treating can allow the 
second-stage MCL treat to be effective even at low 
caustic/coal ratios. Introduction of sulfide into the 
MCL caustic can retard desulfurization or at higher 
levels actually increase sulfur content. The increase is 
measured as organic sulfur. 

nfl 
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INTERNATIONAL 

CLEAN COAL TO DRAW INCREASED INTEREST 	 China reportedly will begin using American clean coal 
IN CHINA	 technology. Negotiations are under way to secure capi-

tal and technical assistance from the United States. 
China expects to increase efforts to turn raw coal into	 All types of techniques, especially those that are low in 
a clean fuel,	 cost and easy to use, will be utilized. 

According to the China Daily, the central government 
will soon have draft proposals to consider when 
making energy policies. 

Coal accounts for a reported 76 percent of the nation's 
energy use, but of the 1.14 billion tons of coal mined in 
China last year, only 18 percent was treated. The rest 
was used in its raw form. In addition, most of the 
nation's 400,000 boilers are not equipped to treat high-
sulfur coal. 

Protecting the environment is becoming a higher 
priority, however. The Ministry of the Coal Industry, 
the State Planning Commission, the State Economic 
and Trade Commission and the State Science and 
Technology Commission have listed dean coal technol-
ogy as a key project for the 1990s.

Promoting economic growth will be a priority as well 
as protecting the environment. The country does not 
plan to set environmental standards that are unrealistic 
or will hamper economic growth. 

Experts predict that by the year 2000, economic growth 
will require 1.4 billion to 13 billion tons of coal an-
nually, and by 2020, 2.1 billion tons. Even until the 
middle of the next century, coal will probably account 
for 60 percent of energy consumption. 

China is conducting feasibility studies on a program to 
turn large quantities of bituminous coal into balls that 
produce no smoke when burned. The coal balls would 
contain plant chips, and would be shaped under high 
pressure.

SYNTIIEI1C FUELS REPORT, JUNE 1994 
449



ENVIRONMENT 

COAL INDUSTRY ANNOUNCES CLIMATE PLAN 
PARTNERSHIP WITH DEPARTMENT OF ENERGY 

In April, the National Coal Association (NCA) 
presented to the United States Department of Energy 
(DOE) a coal industry program designed to support 
the Clinton Administration's efforts to slow the growth 
of emissions of gases thought to be associated with 
global climate change. 

The NCA plan outlines numerous activities already 
under way by the coal industry as well as additional 
steps to be taken in order to achieve certain produc-
tion and energy efficiency gains. 

The coal industry has developed a plan that it says will, 
over time and wherever business and mining condi-
tions permit, increase efficiency in operations and con-
currently reduce emissions associated with coal min-
ing-

The coal industry, contingent upon final guidelines, 
will report the results of these efforts through the 
Energy Policy Act 1605 (b) reporting program. NCA 
also said the industry was attempting to find projects 
that may be part of the Administration's Joint Im-
plementation Pilot Program. 

NCA President R. Lawson pointed out, however, that 
science has yet to establish that the climate is warming, 
that future temperature changes will be caused by an 
increase of greenhouse gases in the atmosphere and 
that, by implication, emissions should be reduced. He 
maintained that the coal industry agrees that reduc-
tions of greenhouse gas emissions should be ac-
complished only on a voluntary basis and only where 
these reductions can be justified on the basis of 
economically sound business decisions. 

The coal industry actions announced include the follow-
ing: 

Energy Use in Coal Mining 

To document improvements in energy efficiency in 
coal mining, NCA will survey the industry to: 

Document in more detail how energy is used 
in coal mining

- Identify areas where improvements in mining 
efficiencies may be possible if consistent with 
safety and sound business practices 

Gather and distribute information to NCA 
members on each area of operations where 
additional energy efficiencies can be ac-
complished 

Coalbed Methane 

The industry is working with DOE and the United 
States Environmental Protection Agency to identify 
currently available methane recovery technologies, 
evaluate their applicability and assist in identification 
of appropriate sites for demonstration of advanced 
recovery technologies. To support the development of 
less commercially viable areas, the coal industry would 
support an Administration initiative to renew the 
Section 29 tax credit for coalbed methane recovered in 
conjunction with ongoing coal mining operations. This 
credit, if exempted from the alternative minimum tax 
calculation, will encourage the recovery and use of the 
remaining sources, further reducing coalbed methane 
emissions. 

Clean Coal Technologies 

The coal industry will continue to support the develop-
ment and commercial deployment of clean coal tech-
nologies that cover the entire process from precombus-
tion through post-combustion. To encourage commer-
cialization of these technologies, the industry will sup-
port rate or tax incentives proposed by the Administra-
tion. 

Other Initiatives 

Other NCA initiatives include the following: 

Cool Communities and Green Lights. NCA 
will encourage participation in both the Green 
Lights and the Cool Communities programs 
and will provide relevant information and as-
sistance to members wherever possible. 

Data Reporting. NCA will encourage coal 
companies to voluntarily report reductions in 
emissions from the programs to DOE. 
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Joint Implementation. The coal industry will 
continue to meet with the appropriate State 
Department and DOE officials to discuss 
criteria for Joint Implementation pilot 
projects as they are developed and to en-
courage consideration of coal-related projects.

- Forestation. NCA will work to develop 
reclamation plans that make optimal use of 
reforestation methods. NCA will support 
Administration incentives that encourage fore-
station as a post-mining land use. 
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since March 1994) 

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 
Powerplant located in Sheridan, Wyoming. The Acme facility is a 12 megawatt coal-fired steam plant, which has been idle since 
1977 when it was shut down in anticipation of new power generating facilities. 

APAC 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 from calcium carbide or power generation, depend-
ing on the coal-to-limestone ratio used. Increasing the limestone component produces byproduct calcium carbide, from which 
acetylene can be produced. Increasing the coal component results in byproduct calcium sulfide. 

As of August 1993, the project had been suspended indefinitely 

Project Cost: Undisclosed 

ADVANCED POWER GENERATION SYSTEM - British Coal Corporation, United Kingdom Department of Trade and Industry, 
European Commission, PowerGen, GEC/Alsthom (C45) 

A consortium involving British Coal Corporation, United Kingdom Department of Trade and Industry, European Commission, 
PowerGen, and GEC/Aisthom is carrying out a research program to develop an advanced coal fired power generation system. In 
this system coal is gasified in a spouted bed gasifier 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 circulating fluidized bed char combustor. 

The integrated system is expected to have an efficiency of about 48 percent. 

A 12 tonne per day, air blown, pressurized, spouted bed gasifier developed at the Coal Research Establishment, Gloucestershire, 
started operating in 1990. This provides gas to a hot gas cleaning plant and a gas turbine combustor. 

At Cirimethorpe, British Coat's large scale experimental PFBC has completed a program when a coal derived gas is passed through 
an experimental 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°C to avoid sintering of the ash. This 
comparatively low, temperature at the gas turbine inlet limits efficiency. 

To overcome this, British Coal engineers proposed a topping cycle. It entails burning a coal-derived fuel gas in the gas turbine 
combustor, at a temperature to 1,260°C or more. 

The research program is funded by the United Kingdom Department of Trade and Industry, and the European Community. 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-20) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of low, sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs ICI's low, pres-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

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 IS 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. 
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STATUS OF COAL PROJECI'S (Underline denotes changes since March 1994) 

COMMERCIAL AND R&D PROJECTS (Continued) 

AEC[ 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 

BEWAG GCC PROJECT - BEWAG AG, EAR Energie-Anlagen Berlin GmbH, Ruhrkohle Oct und Gas 0mW-I, and Lurgi 0mW-I 
(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 (CUB) combined cycle 
powerplant, with 95 megawatts obtained from the gasification, and 100 megawatts from the combustion section. As both sections 
may be operated individually, the 52 megawatt gas turbine could also operate on oil or natural gas. 

An engineering study to investigate the general feasibility of both pressurized CUB gasification and the coupling of pressurized 
CUB gasification with atmospheric CUB combustion was concluded in 1986. 

A second phase component testing program, costing DM12 million and supported by the German Ministry of Research and Tech-
nology, was carried out by a working group made up of BEWAG/EAB (Berlin), Ruhrkohle Oct and Gas GmbH (Bottrop), and 
Lurgi GmbH (Frankfurt), under the project leadership of EAB Energie-Anlagen Berlin 0mW-I. 

In this study, the design risks of key components were eliminated by detailed tests at pressurized charging valves and the condenser 
for carbonized residues. The availability of hot gas cleaning was proved with test series at electrostatic precipitators and tube fil-
ters. The now finished study allows the enlargement to a scaled up powerplant. This powerplant design shows a low grade of com-
plexity on the gasification plant (a result of the day 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 CUB coal combustion and the high efficiency grade of 
the combined cycle. The only residues are flue gases and ash. The flue gas does not need to be after-treated. As a result of these 
characteristics, the study found a minimal risk for investment. 

BI-IEL 10CC AND COAL GASIFICATION PROJECT - Bharat Heavy Electricals Ltd. ((>45) 

BURL's involvement in the development of coal gasification concerns the better and wider utilization of high ash, low grade Indian 
coals. 

As a first step, BHEL has set up a 6.2 MWe Integrated Gasification Combined Cycle (10CC) plant with an in-house 150 ton per 
day moving bed gasifier integrated to a 4 MWe gas turbine and a 2.2 MWe steam turbine combined cycle plant. The plant was 
commissioned in 1986 and has been operated for more than 5,000 hours with the longest run of 30 days. 

BURL considers fluidized bed gasification as a long term prospective for 10CC for high ash coals. An 18 ton per day coal pilot 
scale Process and Equipment Development Unit (PEDU) was commissioned in 1989 for performance evaluation. In the PEDU, 
coal is gasified by a mixture of air and steam at around 1,173°K and a pressure of 1.013 MPa. 

The PEDU has been operated for more than 1,500 hours with the longest continuous run of 168 hours. Th process and subsystem 
has been stabilized. The PEDU has been modified to improve carbon conversion and cold gas efficiency by recycling of cyclone ash 
and redesigning the distributor section of the gasifier for partial burn-up of bottom ash. 

BUEL has taken up a project to retrofit a 150 ton per day fluidized bed gasifier to its existing 6.2 MWe 10CC plant by 1994. 
Procurement and civil work is undergoing. 	 - 

Project Cost: 	 Estimated $4 million for retrofitting fluidized bed gasifier 

BOTFROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG, Veba Oct AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and 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 11,00 tons ralTinate oil were produced from 20,000 tons of coal in more than 2,00) operating 
hours.
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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-Holten to produce syngas and hydrogen. 

The development program of the Coal Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy oil process was finished at the end of 1987. The plant capacity is 9 tons/hour of coal or alternatively 
24 tons/hour of heavy vacuum residual oil. The first oil-in" took place at the end of January 1988. Since then approximately 
325,000 tons of heavy oil have been processed. A conversion rate over 90 percent and an oil yield of 85 percent have been con-
firmed.	 - 

The project was subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXRACFION PROJECT— British Department of Trade and Industry, European Economic 
Community, Ruhrkohle AG, Amoco, E	 (C-lU) 

British Coal is operating a 23 tons per day pilot plant facility at its Point of Ayr site, near Ilolywell in North Wales utilizing its 
Liquid Solvent Extraction Process, a two-stage system for the production of gasoline and diesel from coal. In the process, a hot, 
coal-derived solvent is mixed with coal. The solvent extract is filtered to remove ash and carbon residue, followed by hydrogens- 
tion to produce a syncrude boiling below 300 degrees C as a precursor for transport fuels and chemical feedstocks. Studies have 
confirmed that the process can produce high yields of gasoline and diesel very efficiently—work on world-wide coals has shown that 
it can liquefy economically most coals and lignite and can handle high ash feedstocks. 

The process 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 hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage 1 and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35 percent and 
55 percent (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 
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diesel fuel. Jet and diesel fuel combustion quality requirements, as indicated by smoke point and octane number for example, have 
been achieved via severe hydmtreatment. 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 chemicalbasis 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. 

This project has been completed. Experimental work ceased in June 1992. 

Project Cat: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-90)

A program is under way on mild gasification of coal to heavy oils, 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 tewperature (500 to 750 degrees C), coal particle residence time (10 seconds 
to 50 minutes), heatup rate (50 degrees C/second to 1ff' 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. B bituminous coal, a Mississippi lignite and a 
Wyodalc subbituminous. Generally the yields of oils from bituminous coals range between 20-25 percent (MA y), and about 
IS 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 l-IYDROCARB 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 CO2 
emissions. 

Brookhaven's experimental work was completed in 1990. 

Project Cat $200,000 

BUGCIENUM IGCC POWER PLANT - (C-91) 

A commercial prototype 16CC plant has been built at Buggenum in the Netherlands, and was started on at the end of 1993. j] 
first electricity from coal was nroduced in April, 1994. The system was designed as one process train with a combined cycle of 
270 MW. 

The Shell system being used is an oxygen-blown, entrained flow, slagging gasifier which uses a dry pulverized coal feed. Coal and 
oxygen are fed into a pressure vessel. The reaction product is a medium W1'U gas consisting mainly of carbon monoxide and 
hydrogen, together with ammonia, hydrogen cyanide, hydrogen sulfide, and carbonyl sulfide. The downstream process consists of 
cooling and cleaning the gas of these toxic trace compounds. The clean synthetic gas is 62 percent CO, 32 percent H, and 
53 percent inert gas. The residual sulfur content, mainly unconverted carbonyl sulfide, is less than 100 ppm by volume. 

In the Shell 16CC project the gas turbine is used as a source of oxygen for the process, and nitrogen to pressurize the coal feed sys-
tem. Air is bled from the compressor discharge and sent to a cryogenic air separation unit which yields oxygen to the process and 
makeup nitrogen to pressurize the coal transfer system. 

After startup, a 3-year demonstration program (1994-1996) will be conducted. The unit will then operate as a commercial 
powerplant. 

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 on at 50 percent capacity during the early stages. 
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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), alter 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 El mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the combustion turbine of a combiAed 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 V 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 111 or W. 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 

CAMDEN CLEAN ENERGY PROJECT - Camden Clean Energy Partners Ltd. Partnership, made up of Duke Energy Corp., General 
Electric Co., and Air Products and Chemicals, Inc. (C-I®) 

A 484 megawatt advanced CGCC power plant is planned for Camden, NJ. Power from the plant will be sold to Public Service 
Electric and Gas Co. through an anticipated power sales agreement. 

The project will demonstrate the British Gas/Lurgi (ECIL) fixed-bed oxygen-blown gasifier technology in which 3,700 tons per day 
of Pittsburgh No. 8 high-sulfur coal from West Virginia is gasified to produce a clean gas that is combusted in advanced gas tur-
bines. Turbine exhaust will be used to produce steam to drive a steam turbine in a second cycle. These two combined cycles are 
expected to make the CGCC plant 20 percent more efficient than a conventional coal plant, while reducing levels of SO 2, NO S and 
particulates to meet the most stringent environmental standards.  

The CGCC component will use four BCIL fixed-bed slagging gasifiers, two General Electric WA advanced combustion turbines and 
a 2,000 ton per day air separation unit. The project will also include a demonstration of a 23 MW molten carbonate fuel cell, which 
will be operated with a portion of the clean coal gases. 

The project was selected under the United States Department of Energy Clean Coal Technology Demonstration Round 5. The es-
timated total project cost is $780 million, of which DOE will provide 25 percent. 

CHARPUEL PROJECT - Wyoming Coal Refining Systems, Inc., a subsidiary of Carbon Fuels Corporation (C-hO) 

Wyoming Coal Refining Systems, Inc. (WCRS) has secured about half the financing required for a 150 ton per day Charfuel 
project. The plant would include gas processing and aromatic naphtha recovery with off-site hydrotreating and product quality 
verification. 

The State of Wyoming has contributed $8 million and has committed to provide an additional $83 million in assistance, contingent 
on WCRS raising a certain amount of private capital. WCRS has secured over $4 million in capital and contributions. 

WCRS has solicited the U.S. Department of Energy for funding under the Clean Coal Technology program but was turned down 
for support in Round 5 of the program in 1993. 

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, pipelineable 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 has completed the design phase 
and has purchased most of the equipment for an 18 ton per day pilot unit which will integrate the Qiarfuel hydrocracker with com-
mercially available processes to optimize the operating conditions for the ISO ton per day project as well as commercial facilities. 
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Wyoming officials have turned down a request from WCRS for an additional $23 million in loans from state funds saying that the 
requirement for matching funds has not been met. 

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 12 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 ((>123) 

The Institute of Coal Chemistry (ICC) of the Chinese Academy of Sciences is developing an ash agglomerating coal gasification 
process. The process is applicable to a wide range of coals including those with high ash content and high ash fusion temperature. 

In 1983, a small scale pilot gasifier, or PDU, was set up. At first, different coals were gasified with air/steam as gasifying agents to 
make low heating value gas for industry. Later, coals were gasified with oxygen/steam to make synthetic gas for chemical synthesis. 
A pilot scale gasification system of 24 tons per day coal throughput was scheduled for startup in late 1990. 

The gasifier is a cylindrical column of 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 73 meters. 

Predried coal is blown into the gasifier after passing through the lockhopper and weighing system. Preheated air/steam (or 
oxygen/steam) enters the gasifier separately through a gas distributor and central jet tube. The coal particles are mixed with hot 
bed materials and decomposed to gas and char. Because of the central jet, there is high temperature zone in the dense bed in 
which the ash is agglomerated into larger and heavier particles. The product gas passes through two cyclones in series to separate 
the entrained fine particles. Then the gas is scrubbed and collected particles are recycled into the gasifier through standpipes. The 
fines recycle and ash agglomeration make the process efficiency very high. 

Based on the PDU data and cold model data, a 1 meter inside diameter gasifier system was designed and constructed. it is to be 
operated at atmospheric pressure to 03 MPa with a coal feed rate oft ton per hour. 

CIGAS GASIFICATION PROCESS PROJECT - Fundacao de Ciencia e Tecnologia—CIENItC ((>130) 

The CIGAS Process for the generation of medium BTU gas is aimed at efficient technological alternatives suitable for Brazilian 
mineral coals of high ash content. No gasification techniques are known to be available and commercially tested for Brazilian coals. 

The CIGAS Process research and development program has been planned for the interval from 1976 to 1998. In 1977 an atmos-
pheric bench scale reactor was built, from which were obtained the first gasification data for Brazilian coals in a fluidized bed reac-
tor. In 1978 a feasibility study was completed for the utilization of gas generated as industrial fuel. Next the first pressurized reac-
tor in Latin America was built in bench scale, and the first results for pressurized coal gasification were obtained. 

In 1979 the first atmospheric fluidized bed pilot scale unit was assembled (with a throughput of 7.2 tons per day of coal). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 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 1994 and in 1996 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 2001. 

Project Cost:	 US$6.0 million up to the end of 1988. The next stage of development will require US$8 million 
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CIVOGAS ATMOSPHERIC GASIFICATION PILOT PLANT - Fundacao dc Cicncia e Technolgia - CIENTEC (C-133) 

The CIVOGAS process pilot plant is an atmospheric coal gasification plant with air and steam in a fluidized-bed reactor with a 
capacity of five gigajoules per hour of low-BTU gas. It was designed to process Brazilian coals at temperatures up to 1,000 C. The 
pilot gasifier is about six meters high and 0.9 meters inner diameter. The bed height is usually 1.6 meters (maximum 10 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 coats 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 [tao 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 CIENTEC researchers, the fluidized-bed distributor and the bottom char withdrawal system have been their main 
concerns, and much progress has been made. 

COALPLEX PROJECT - AECI (C-140) 

The Coalplex Project is an operation of AECI Qilor-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 calciuth carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide 
and water, brine electrolysis to make chlorine, hydrogen, and caustic, conversion of acetylene and hydrogen chloride to vinyl 
chloride; and vinyl chloride polymerization to PVC. Of the five plants, the carbide, acetylene, and VCM plants represent the main 
differences between coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COCA-i PROJECT - Coal Gasification, Inc. (C-ISO) 

The COCA-i project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
I million tons of coal per year and will produce 675,000 tons of urea ammonia and 840,000 tons of area per year. It will use a high-
temperature, high-pressure slagging gasification technology. When completed, the COCA-i plant would be the largest facility of 
its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SEC 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 COCA-I in an attempt to move the $690 million 
project forward. The project sponsor is continuing with engineering and financing efforts, but the project itself has not moved for-
ward significantly since 1986. 

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 Antio-
quia involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese 
study, this plant would be expanded in the 1990s to produce urea if financing is found. 

Project Cast: $20 million initial 
$200 million eventual
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CORDERO COAL UPGRADING DEMONSTRATION PROJECT' - Cordero Mining Company (C-VU) 

Cordero Mining Company will demonstrate the Carbontec Syncoal process at a plant to be built near its mine in Gillette, Wyom-
i. The demonstration will produce 250,000 tons per year of upgraded coal product from high-moisture, low-sulfur, low-rank 
coals 

The project was selected by the United States Department of Energy (DOE) in 1991 for a Clean Coal Technology Program award. 
DOE will fund 50 percent of the $343 million project cost. However, the cooperative agreement is still being negotiated. 

The Syncoal processconverts high-moisture subbituminous coal into a high-B'FU, low-moisture product Hot oil and flue gas serve 
to heat the coal and to keep it in an inert atmosphere during coal processing. The hot oil seals the surface against moisture as well 
as preventing surface degradation during handling. 	 - 

It is expected that this upgraded coal product can be used by midwestern and eastern utilities that currently burn high-sulfur, high-
rank coals to comply with stricter environmental regulations. 

Near-term plans call for an expansion of the demonstration project to a I million ton per year plant. Long-term goals are for fur-
ther expansion to produce 4 million tons per year of upgraded coal. 

Project Cat $343 million 

COREX-CPICOR INTEGRATED STEEL/POWER PlANT - Centerior Energy Corporation, LTV Steel Company Inc., Air Products 
and Chemicals (C-us) 

Selected under the United States Department of Energy (DOE) Clean Coal Technology Demonstration Round 5, this project will 
demonstrate the combined production of hot iron via the COREX process and a combined cycle power plant fueled by the export 
gas from the COREX process. The proposed plant will be integrated into the existing steelmaking facility at LTV Steel Company's 
Cleveland works. 

The plant will be commercial size, producing 1.17 million tons of hot metal per year and 181 MW of power. 

DOE's share of the estimated $825 million pricetag is 18 percent. 

CItE SPOUTED BED GASIFIER - British Coal, Otto-Simon Carves (C-190) 

A spouted fluidized bed process for making low-BTU fuel gas from coal has been developed by British Coal at the Coal Research 
Establishment (CItE). This project was sponsored by the European Economic Community (EEC) under two separate denonstra-
tion grants. The results obtained established the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar 
and dust. 

The CRE gasification process is based on the use of a submerged spouted bed. A significant proportion of the fluidizing gas is in-
troduced as a jet at the apex of a conical base. This promotes rapid recirculation within the bed enabling caking coals to be 
processed without agglomeration problems. Coals with swelling numbers up to 83 were processed successfully. The remainder of 
the fluidizing gas is added through a series of jets in the cone wall to promote good particle mobility throughout the base section of 
the reactor. 

An atmospheric pressure process was developed for the production of fuel gas for industrial applications. A 12 tonnes per day 
(tpd) atmospheric pressure plant was constructed at CItE during this period. Work on the pilot plant was directed towards provid-
ing design information for a commercial scale plant. A range of commercial gasifiers with a coal throughput typically of 24 to 100 
tonnes per day have been developed. To this end a license agreement was signed by OSC Process Engineering Ltd. (OSC) to ex-
ploit the technology for industrial application. 

Although OSC has yet to build the first commercial unit, interest has been shown from a large number of potential clients 
worldwide. 

The application of the process for power generation is now being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 47 percent (lower heating value basis) are 
predicted. A contract with the EEC to develop a pressurized version commenced in January 1989. A 12 tonne/day pilot plant 
capable of operating at pressures up to 20 bar has been constructed and commissioned at CItE. Commissioning of the plant was 
completed in June 1990. Since that time over 1500 hours of operation have been completed successfully with a series of indigenous 
UK coals reflecting the range of composition available currently to the UK power station market. In addition, an extensive 
program of cold flow modeling studies have been completed. These and the pilot plant operational data are now being used to 
develop designs for commercial scale gasifiers.
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The 12 tpd gasifier is now operating with a gas cooler, a ceramic candle filter unit and a gas combustor. O perations on the 
modified and extended plant started in 1993 and are continuin g on a range of fuels and sorbents. 

CRIEPI ENTRAINED PLow GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan), New Energy and 
Industrial Technology Development Organization (C-200) 

Japan's CRIEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on 
gasification, hot gas cleanup, gas turbines, and their integration into an 10CC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow, gasifier (2.4 ton per day process development unit) adopting a dry coal feed sys-
tem has been developed and successfully operated. This gasifier design will be employed as the prototype of the national 200 ton 
per day pilot plant. As of late 1992, the gasifier had been operated for 2,022 hours, and tested on 20 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 1994. 

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-
tem, from the standpoint of thermal efficiency, was determined to be composed of thy 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 (ICC)' with 
10 major electric power companies and CRIEPI to carry out this project supported by Mlii 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. Coal Gasification Tests began in June 1991 with the air blown pres-
surized entrained-flow, gasifier. Tests will begin in 1992 for the hot gas clean-up system and a high temperature gas turbine of 
1,260°C combustor outlet temperature. 

Project Coat: 53 billion yen 

DELAWARE CLEAN ENERGY PROJECT - Texaco Syngas Inc., Star Enterprise, Delmarva Power & Light, Mission Energy (&20) 

Texaco Syngas Inc., Star Enterprise, a partnership between Texaco and Saudi Refining, Inc., Delmarva Power and Light Co. and 
Mission Energy have begun joint engineering and environmental studies for an integrated gasification combined cycle (IGCC) 
electrical generating facility. The project calls for the expansion of an existing powerplant adjacent to the Star Enterprise refinery 
in Delaware City, Delaware. The facility would convert over 4 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. The project has the potential to reduce substantially overall emissions at the Delaware City 
facilities, more than double the current electric output and make use of the coke byproduct from the oil refinery. The Phase I 
studies will require approximately one year to complete (in 1991) at an estimated cost of $6 million. 

The existing powerplant would be upgraded and expanded and would continue to operate as a cogeneration facility. 

Project Cost	 $400 million 

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 June 1993 the project has produced fl trillion BTU of on-spec syngas and has reached 
2,619.000 tons of coal processed. A 90-day consecutive production record of 712 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-1 acid gas removal system and Unocal's Selectox sulfur conversion unit are also used. Oxygen is supplied by Air 
Products.
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COMMERCIAL AND R&D PROJECTS (Continued) 

Construction of the plant was completed in 1987 by Dow Engineering Company. Each gasification module is sized to produce syn-
gas to power 150-200 megawatt combustion turbines. The project is owned and operated by Louisiana Gasification Technology In-
corporated, a wholly owned subsidiary of Houston-based Destec Energy, Inc., a subsidiary of The Dow Chemical Company. 

In this application, the Dcstec Syngas Process and the associated process units have been optimized for the production of synthetic 
gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels Cor-
poration (now the Treasury Department) which is subject to the amount of gas produced by the project. The amount of the price 
guarantee is based on the market price of the natural gas and the production of the project. Maximum amount of the guarantee is 
$620 million. 

A 30-kilowatt carbonate fuel cell pilot plant has been constructed at the Destec site, and is being subjected to endurance tests on 
syngas produced at Destec's coal gasification plant. 

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 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. $20 million has been spent, and 12 years have 
been invested in site and feasibility studies. After thorough public and regulatory review by the state of North Dakota, air quality 
and conditional water use permits have been approved. The Bureau of Reclamation released the final Environmental Statement 
on February 26, 1988. 

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 carton 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 
leaden, informing them of the types and timing of socioeconomic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced 

Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's output. Access to 
western markets for methanol through a new dedicated pipeline to Bellingham, Washington, is also feasible if West Coast market 
demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment would be about 1,600 personnel at the plant and 500 personnel in the adjacent coal 
mine. 

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 I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.4 billion (Mine)
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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 (10CC) powerplant using the PRENFLO gasification technology. The utility 
proposes a 3-year test period under the Thermic program of the European Communities. The 10CC plant would be built as a joint 
project of the German Utility PreussenElektra and the Danish utility Sondeijyllands l-lojspacndingsvaerk. 

Elsam's proposal was dependent on financial support from the European Communities (EC). When the EC elected to provide 
funding to the Puertollano, Spain project, Elsam pulled out of the joint project. 

Elsam is now working on two new 390-megawatt units, with 285 bar live steam pressure and a live-steam reheat temperature of 
5W C- One unit can be fired with natural gas or coal; the second unit is coal fired. Commissioning of the two units is scheduled 
for 1998 and 1999, respectively. 

ENCOAL Lit DEMONSTRATION PLANT - ENCOAL Corporation, United States Department of Energy (C-fl) 

ENCOAL Corporation, a wholly owned subsidiary of Shell Mining Company of Houston, Texas, received funding from the Depart-
ment of Energy's Clean Coal Technology Round 3 Program for a 1,000 ton per day mild gasification plant at Shell's Buckskin Mine 
in Northeastern Wyoming. The government will fund 50 percent of the proposed $72.6 million total cost. The demonstration plant 
will utilize the LFC technology developed by SCI International. 

The plant is designed to be operated as a small commercial facility and is expected to produce sufficient quantities of process 
derived fuel and coal derived liquids to conduct full scale test burns of the products in industrial and utility boilers. Feed coal for 
the plant will be purchased from the Buckskin Mine which is owned and operated by Triton Coal Company (a wholly owned sub-
sidiary of Shell Mining Company). Other United States coals may be shipped to the demonstration plant from time to time for test 
processing, since the process appears to work well on lignites and some Eastern bituminous coals. 

A Permit to Construct was received from the Wyoming Department of Environmental Quality, Air Quality Division for the 
demonstration plant. It was approved on the basis of the use of best available technology for the control of SO, NO , CO, 
hydrocarbons and particulates. There will be no waste water and source water requirements will be very small. 

Ground was broken at the Buckskin mine site for the commercial process demonstration unit in late 1990. Work continued 
through the winter with the foundations being in place by early 1991. Construction was completed by mid-1992. The plant had 
been operated for several days by the end of 1992. The plant will process 1, tons of coal per day and produce 150,000 barrels of 
liquids per year plus 180,000 tons of upgraded solid fuel. 

The plant completed a 36-hour test run in June 1992 during which it operated at about 70 percent of its capacity. The solid and 
liquid fuels produced during the test met or exceeded the production specification. 

Two companies have agreed to purchase the fuels produced at the ENCOAL facility. Wisconsin Power and Light has agreed to buy 
about 30,000 tons of the solid fuel for use at its coal-fired powerplants. TEXPAR Energy Inc. will buy up to 135,000 barrels per 
year of the liquid fuel that it will market to industries. 

In June 1992, Zeigler Coal Holding Company signed a letter of intent to purchase Shell Mining Company, with a target closing date 
in October 1992. The ENCOAL project will not be affected by the change in ownership. The United States Department of Energy 
has approved funding for Phase 111—plant operation and testing. 

The plant was closed down for a period in 1993 for the completion of plant improvements and the installation of additional equip-
ment. As of early 1994 it has resumed operations and testing programs. 

Estimated Project Cost:	 $72.6 million 

FIFE 10CC POWER STATION - Fife Energy Ltd. (C-224) 

Fife Energy Ltd., a Scottish power company, is developing the United Kingdom's first integrated gasification combined cycle power 
station in Fife, Scotland. The 10CC to be employed at the facility is based on British Gas/Lurgi's slagging gasification technology, 
which converts up to 94 percent of the coal input into clean syngas. The 10CC will produce less than 10 percent of the U.S. stan-
dard for emissions in new power sources, said a Fife spokesperson.
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FRONTIER ENERGY COPROCESSING PROJECT - Canadian Energy Developments, Kilborn International (C-225) 

The Frontier Energy project is a 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 art produced, a naphtha fraction which can be used as a high value petrochemical 
feedstock or can be processed further into high octane motor fuel and low sulfur fuel oil that can be used to replace high sulfur coal 
in thermal powerplants. Cogeneratcd 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 Kilburn International 
Ltd. of Tucson, Arizona. 

The technology being demonstrated is the CCLC Coprocessing technology in which a slurry of coal and heavy oil are simul-
taneously hydrogenated at moderate severity conditions (temperature, pressure, residence time) to yield a low boiling range 
(C5—fl5 degrees I) distillate product. 

The CCLC Coprocessing technology is being developed by Canadian Energy Developments Inc. in association with the Alberta of-
fice of Coal Research and Technology (AOCR1) and Gesellschaft fur Kohleverfiussigung GmbH (GfK) of Saarbrucken, West 
Germany. 

Two integrated and computerized process development units (PDUs), 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. Frontier expects the coprocessing plant to be under way in the spring of 1994. 

The demonstration project will process 1,122 tons per day of Ohio No. 6 coal and 20,000 barrels per day of Alberta heavy oil. An 
unsuccessful application was made for Clean Coal Technology (CCI') funds in Round Ill. The project intends to file an application 
for CCI' funds in Round V. 

GE HOT GAS DESULFURIZATION - GE Environmental Services Inc. and Morgantown Energy Technology Center (C-228) 

This project was designed to demonstrate the operation of regenerable metal oxide hot gas desulfurization and particulate removal 
system integrated with the GE air blown, coal gasifier at the GE Corporate Research and Development Center in Schenectady, 
New York. 

Construction of the demonstration facility was completed by 1990 and several short duration runs were done to allow a long dura-
tion (100 hour) run to be completed in 1991. The facility gasifies 1700 pounds per hour of coal at 280 psig. Outlet gas temperature 
ranges from 830-1130°F. 

During a 43 hour period in a 60 hour run the hot gas cleanup system achieved an overall sulfur removal of 953 percent. 

GREAT PLAINS SYNFUELS PLANT - Dakota Gasification Company (C-240) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate the 
facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans called 
for a plant designed to produce 250 million cubic feet per day to be constructed by late 1981. However, problems in financing the 
plant delayed the project and in 1976 the plant design was reduced to 125 million cubic feet per day. A partnership named Great 
Plains Gasification Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) 
Tenneco Inc., Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the 
partnership agreement, Great Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of 
the partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the synthetic natural gas (SNG) sold on 
an unregulated basis. In April 1981, an agreement was reached whereby the 5MG would be sold under a formula that would esca-
late quarterly according to increases in the Producer Price Index with a cap during the first 5 years of operation equal to the 
energy-equivalent price of No. 2 Fuel Oil, a cap durin g the fifth through tenth year of operation equal to the pipelines highest 
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would be the highest 10 percent price cap. 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 SNO 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 nroiect's final cost was approximately 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor, i.e., a 
1373 million cubic foot per day design capacity) of high BTU pipeline quality SNG, 93 tons per day of ammonia, 88 tons per day of 
sulfur, 200 million cubic feet per day of carbon dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products 
including tar oil, phenols, and naphtha to be used as fuels. Approximately 16,000 tons per day of North Dakota lignite were ex-
pected to be required as feedstock. 

In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. The SNG is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline which in turn transports the SNO to Ventura. Iowa. 

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 plain-
tiffs (DOE/DOJ) were entitled to a summary judgment for foreclosure. A foreclosure sale was held and DOE obtained legal title 
to the plant and its assets on July 16, 1986. This decision was upheld by the United States Court of Appeals for the Eighth Circuit 
on January 14, 1987. On November 3, 1987, the Supreme Court denied a petition for a writ of certiorari. 

The North Dakota District Court also held that the defendant pipeline companies were liable to the plaintiffs (DOE/DOJ) for the 
difference between the contract price and the market value price. This decision was upheld by the United States Court of Appeals 
for the Eighth Circuit on May 19, 1987. No further opportunity for appeal exists and the decisions of the lower court stands. 

In early 1987, the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant. In August, 1988 it was 
announced the Basin Electric Power Cooperative had submitted the winning bid for approximately $85 million up-front plus future 
profit-sharing with the government and it waiver of production tax credits. Two new Basin subsidiaries, Dakota Gasification Com-
pany (DCC) and Dakota Coal Company, operate the plant and manage the mine respectively. Ownership of the plant was trans, 
fenced on October 31, 1988. 

Under Dakota Gasification ownership, the plant has been producine SNO at over 125 percent of design capacity on an annual 
basis. 

In 1989, DCC began concentrating on developing revenue from byproducts. On February 15, 1991, a phenol recovery facility was 
completed. This project produces over 2 million gallons of phenol annually, providing manufacturers an ingredient for plywood 
and chipboard resins. The first railcar of phenol was shipped in January 1991. DCC has signed contracts with three finns 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 13-year agreement in 1989 with Praxair (formerly 
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. In March 1993, DCC installed a hydrotreater which enabled it to commence 
the sale of the plant's naphtha production. Other byproducts being sold from the plant include anhydrous ammonia, sulfur and liq-
uid nitrogen. Argon, carbon dioxide, ammonium sulfate and cresote are also potential byproducts. 

In late 1990 DCC filed with the North Dakota State Health Department a revision to the applications to amend the Air Pollution 
Control Permit to Construct. The revised application defines the best available control technology to lower SO and other emis-
sions at the plant. In 1993, the North Dakota Department of Health approved the permit for the flue gas dcsulfuiization system at 
the Great Plains Synfuels Plant. In March 1994. DCC announced it would install aflue aas scrubber which will use anh ydrous am-

DCC has 4 years to complete construction of the main stack scrubber. The estimated cost of this environmental improvement is 
$100 million.
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In late 1990, DCC and DOE initiated a lawsuit against the four pipeline company purchasers contracted to buy SNG. The issues in 
these proceedings involve: the extent of the pipeline firms' obligations to take or pay for SNG; whether the sales price of SNO has 
been understated; and whether the adjustment made by DCC to the rate the plant charges the pipeline companies to transport 
their SNO to a point of interconnection on the Northern Border Pipeline system is in accordance with contract tcnns. An October 
1994 trial date had been set. In April 1994, DCC. DOE and the pipelines announced an out-of-court settlement of the litiantion, 

payments. 

Project Cat: $2.1 billion overall 

GRESIK 16CC PLANT - Penssahaan Umum Listrik Negara (C-250) 

Indonesia's national utility, Pen,sahaan Umum LAstrik Negara is building a 1,500 MW capacity IGCC plant at the Gresik plant near 
Surabaya, Indonesia. The facility is scheduled to start up by the end of 1993. 

HUMBOLT ENERGY CENTER PROJECT - Continental Energy Associates and Pennsylvania Energy Development Authority (C-265) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hack 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility has been converted into a 135 megawatt anthracite refuse-fueled integrated gasification combined cycle cogeneration 
plant. Gas produced from anthracite coal in both the original facility and in new gasifiers is being used to fuel turbines to produce 
electricity. One hundred megawatts of power will be purchased by the Pennsylvania Power & Light Company over a 20-year 
period. Steam is also produced which is available to industries within Humboldt Industrial Park at a cost well below the cast of in-
house steam production. The combined cycle cogeneration plant has been in operation since 1990. 

Project Cat: over $100 million 

HYCOL HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) 
(C-270) 

In Japan, the New Energy and Industrial Technology Development Organization (NEDO) has promoted coal gasification tech-
nologies based on the fluidized bed. These include the HYBRID process for high-BTU gas making and the low-BTU gas making 
process for integrated combined cycle power generation. NEDO has also started to develop coal gasification technology based on a 
multipurpose coal gasifier for medium-BTU gas. 

The multipurpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. Construction of the pilot plant in Sodegaura, Chiba was completed in August, 1990. Operational research was to begin 
in 1991 after a trial run. 

The key technology of this gasification process is a two-stage spiral flow system. In this system, coal travels along with the spiral 
flow from the upper part towards the bottom because the four burner nozzles of each stage air 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	 So ton pe1day 
Pressure	 30 kg/cm g 0 Temperature	 About 1,800 C
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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. 
Japan Energy Corporation 
Toho Gas Co., Ltd. 
The Japan Steel Works, Ltd. 
Hitachi, Ltd. 
Mitsui SRC Development Co., Ltd. 

NEDO succeeded in maintaining 1,149 hours of continuous operation and achieved the target gasification efficiencies of the 
HYCOL pilot plant in January 1994. 

IGT MILD GASIFICATION PROJECT - Institute of Gas Technology (1(11'), Ken-McGee Coal Corporation, Illinois Coal Develop-
ment Board (C-272) 

Kerr-McGee Coal Corporation is heading a team whose goal is to develop the Institute of Gas Technology's (1(31) MILDGAS ad-
vanced mild gasification concept to product solid and liquid products from coal. The process uses a combined fluidized-
bed/entrained-bed reactor designed to handle Eastern caking and Western noncaking coals. 

The 24 ton per day facility will be built at the Illinois Coal Development Park near Carterville, Illinois. The 3-year program will 
provide data for scaleup production, coproducts for testing, preparation of a preliminary design for a larger demonstration unit, 
and the development of commercialization plans. 

Kerr-McGee Coal Corporation will provide the coal and oversee the project. Bechtel Corporation will design and construct the 
process development unit, and Southern Illinois University at Carbondale will operate the facility. IGT will supply the technology 
expertise and supervise the activities of the team members. 

The technology will produce a solid char that can be further processed into form coke to be used in blast furnaces as a substitute 
for traditional coke. Liquids produced by the process could be used to manufacture such materials as roofing and road binders, 
electrode binders, and various chemicals. 

IMI-TEX MOLTEN CARBONATE FUEL CELL DEMONSTRATION - M-C Power Corporation, Bechtel Group, Stewart and Steven-
son Services, Institute of Gas Technology (C-273) 

Mt Power has a goal of bringing a market-responsive, natural gas fueled IMHEX molten carbonate fuel cell (MCFC) to the 
power generation industry by the end of the 1990s. The technology for this MW-Class (1 MW nominal capacity) power plant for 
use in distributed generation and cogeneration applications is being developed through a step-wise demonstration program which 
began in 1990 and will continue through 1998. M-C Power leads a team which consists of M-C Power, the Bechtel Group, Stewart 
and Stevenson Services, Inc. and the Institute of Gas Technology. This team provides both the market and power plant expertise 
for this commercialization effort. 

M-C Power's IMHEX stack technology will be demonstrated in commercial-scale hardware over the next two years. A process 
development power plant will begin operation during 1994 at Unocal's Science and Technology Center in Urea, California. This 
unit will be followed by a second 250 kW, fully-integrated power plant in 1995 at a Kaiser Perrnanente Medical Center in San 
Diego, California. These power plant demonstration programs are sponsored by the U.S. Department of Energy, the Gas 
Research Institute, the Electric Power Research Institute, and a broad alliance of electric and gas utilities. Funding for these 
demonstration efforts and M-C Power's parallel technology developments has exceeded $50 million as of March 1994, while ac-
tivities proposed through 1998 provide an additional $100 million toward the product design and improvement of the MW-class 
power plant.
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ISCOR MELTER-GASIFIER PROCESS - ISCOR, Voest-Alpine Industricanlagenbau (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 

 tow per year of pig iron in a melter-gasifier, referred to as the COREX process. Conventional techniques require use of a 
coke oven to make coke, which is then reacted with iron ore in a blast furnace. Production costs at the Pretoria plant are said to be 
30 percent lower than conventional method costs. 

Startup of the plant was in November 1989. Two separate streams of materials are gravity fed into the melter-gasifier. One stream 
is coal (03-0.7 tons of carbon per ton of pig iron produced) with ash, water and sulfur contents of up to 20 percent, 12 percent and 
13 percent, respectively. Lime is fed together with the coal to absorb sulfur. The second stream—iron ore in lump, sinter or pellet 
form—is first fed to a reduction furnace at 850-900 degrees C and contacted with reducing gas (65-70 percent CO and 20-25 percent 

U
from the melter-gasifier. This step reduces the ore to 95 percent metal sponge iron. The metallization degree of the sponge 
where it comes into contact with the 850 .900 degree C hot reducing gas produced in the reduction furnace, is 95 percent on 

average. 

The sponge iron proceeds to final reduction and melting in the melter-gasifier, where temperatures range from 1,100 degrees C 
near the top of the unit to 1,540-1,700 degrees C at the oxygen inlets near the bottom. Molten metal and slag are tapped from the 
bottom. As a byproduct oç the hot metal production export gas is obtained, which is a high quality gas with a caloric value of ap-
proximately 2OW lccal/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 
4,725,3, 4,728,360, 4,729,786, issued in 1988). Typically a fluidized bed of coke particles is maintained on top of the molten iron 
bath by blowing in oxygen-containing gas just at the surface of the molten metal. 

Voest-Alpine has been collaborating with Geneva Steel to demonstrate the technology in the United States, however, Geneva has 
shelved further action on the project after failing to receive funding in the DOE Dean Coal Technology Round 3. Ia 1990 Virginia 
Iron Industries Corporation announced plans to build a COREX plant in Hampton Roads, Virginia. (See Virginia Iron Cores 
Project C-613). 

The COREX process is being marketed as an environmentally superior method of iron making and claims significant reductions in 
dust, SO  and NO emissions compared to conventional methods. 

During 1990 the plant ran at 100 percent design capacity. 

K-FUEL COMMERCIAL FACILITY - KFx Inc. (C-290) 

The K-Fuel process was invented by Edward Koppelman and developed further by SRI International between 1976 and 1984. In 
1984, K-Fuel Partnership, the predecessor to KFx Inc. (g), was formed to commercialize the process. jf owns the worldwide 
patents and international licensing rights to the process in the United States and 31 foreign countries. 

jçf, headquartered in Denver, Colorado, owns and operates a full demonstration facility, research center, and a Oars A 
laboratory at the Fort Union Coal Mine near Gillette, Wyoming. The Series A (hot- gas based pilot facility, which can produce 
25 tons of K-Fuel per day, has been in operation since July 1988. The Series B pilot unit demonstrates the technolo gy at bench-

A license for the use of the Series B technology on coal only in North America was issued to Heartland Fuels Corporation (HFC) 
in 1991. In 1993, HFC has reached an agreement to merge its project with the ThennoChem project, which received DOE support, 
and expects to announce the beginning of construction soon.
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Project Cost: $32 million Wyoming Series C 

KOBRA HIGH TEMPERATURE WINKLER IGCC DEMONSTRATION PLANT' - RWE Energie AG (C-294) 

RWE Energie AG, a sister company or Rlreinbraun 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 1996. The most important orders awarded so far were placed with 
the MAN company as the general contractor, the Uhde/Lurgi consortium for the engineering of the coal gasification system, and 
with the Siemens company for the delivery of the gas turbine (type 94.3). To implement this project, a task force comprising staff 
members of both RWE Energie AG and Rheinbraun AG started working in early 1990. To ensure that the plant can be con-
structed on schedule as from early 1993 and commissioned in late 1996, the orders relating to the desulphurization unit, the coal 
drying unit and some other large components were placed in 1990. Completion of the permit engineering is scheduled for mid-
1992, so that building and operating permits can be applied for. 

Of crucial importance for reaching a high overall efficiency is the coal drying system which reduces the moisture content of the raw 
brown coal to 12 percent. For this step, Rheinbraun's VITA process will be employed ('A/TA 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 Ombli. 

By the end of 1992, all process engineering criteria had been determined. The licensing application will be filed in 1993 and com-
missioning of the demonstration plant is expected to begin in mid-1996. At that time, a two-month trial operation will be followed 
by the two-year demonstration period. 

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 REPOWERING GASIFICATION PROJECT - Combustion Engineering. Inc. and United States Department of Energy 
(DOE) (C-320) 

The project will demonstrate Combustion Engineering's pressurized, aishlown, 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 was selected under Round II of the Clean Coal Technology Program for demonstration at the Lakeside Generating 
Station of City Water, Light and Power, Springfield, Illinois. The project demonstrates airblown gasification at high efficiency with 
99 percent sulfur capture and 90 percent NO reduction. A new zinc titanate hot gas cleanup system is incorporated to provide 
even lower sulfur emissions. 	 I 

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. 

Plant design and definitive cost estimates have been developed for DOE and project review. Construction will begin in 1994, with 
initial operation in 1996. The demonstration period will develop O&M costs for the simplified airblown gasification system. ABB 
is focusing on the requirement of the electric power generation market in the design of this plant. 
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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 

LA.PORTE ALTERNATIVE FUELS DEVELOPMENr PROGRAM - Air Products & Chemicals Inc., Electric Power Research In-
stitute, and United States Department of Energy (DOE) (C-330) 

Air Products and Chemicals, Inc. is proposing a 36-month program to develop technologies for the conversion of coal-derived syn-
thesis gas to oxygenated hydrocarbon fuels, fuel intermediates, and octane enhancers, and to demonstrate the most promising tech-
nologies in DOE's Slurry Phase Alternative Fuels Development Unit (AFDU) at LaPorte, Texas. With emphasis on slurry phase 
processing, the program will initially draw on the experiences of the successful Liquid Phase Methanol (LPMEOH) program. See 
completed project 'LaPorte Liquid Phase Methanol Synthesis' in December 1991 Synthetic Fuels Report for details on the 
LPMEOH project. 

In the spring of 1992, methanol produced using the LaPorte Liquid Phase Methanol Synthesis Process out performed commercial 
chemical-grade methanol in diesel engine runs. In a standard 100 hour test, 2,500 gallons of raw methanol from the LaPorte Plant 
were run through a typical bus cycle simulation. 	 - 

The alternative fuels development program aims to continue the investigations initiated in the above research program, with the 
principal objective being demonstration of attractive fuel technologies in the LaPorte AFDU. The focus is continued in pilot plant 
operations after a 12-18 month period of plant modifications. Certain process concepts such as steam injection, and providing H3 
via in situ water-gas shift, will assist in higher conversions of feedstocks which are necessary, particularly For higher alcohol syn- 
thesis. 

Four operating campaigns are currently envisaged. The first will focus on increased syngas conversion to methanol using steam in-
jection and staged operation. The second will demonstrate production of dimethyl ether/methanol mixtures to (1) give optimum 
syngas conversion to storable liquid fuels, (2) produce mixtures for both stationary and mobile fuel applications, and (3) produce 
the maximum amount of DME, which would then be stored as a fuel intermediate for further processing to higher molecular- 
weight oxygenates. Economic, process, and market analyses will provide guidance as to which of these scenarios should be em- 
phasized. The third and fourth campaigns will address higher alcohols or mixed ether production. 

In the laboratory, the principal effort will be developing oxygenated fuel technologies from slurry-phase processing of coal-derived 
syngas using two approaches, (1) Fuels from syngas directly, and (2) fuels From DME/methanol mixtures. In fiscal year 1993, Air 
Products will demonstrate, at DOE's LaPorte Alternative Fuels Development Unit, the synthesis of methanol/isobutanol mixtures, 
which can be subsequently converted to MitE. Preliminary economic analyses have indicated that isobulanol and MTBE from 
coal could be cost competitive with conventional sources by the mid- to late-199. 

Air Products has already demonstrated the unique ability of DME to act as a chemical building-block to higher molecular-weight 
oxygenated hydrocarbons. Air Products has also successfully developed and demonstrated a one-step process for synthesizing 
dimethyl ether (DME) From coal-derived synthesis gas. In this process, the reactions are carried out in a three-phase system with 
the catalyst suspended in an inert liquid medium. The liquid absorbs the heat that is released as the chemical reactions occur, al-
lowing the reactions to take place at higher, more efficient rates and protecting the heat-sensitive catalysts necessary for the con-
version process. This results in a 30 to 40 percent increase in the rate of methanol production. 

Project Cost: $203 million FY9I-FY93 

LIQUID PHASE METHANOLPROCESS DEMONSTRATION - Air Products and Chemicals, Inc., Eastman Chemical Company, and 
U.S. Department of Energy (C-335) 

Air Products and Chemicals, Inc. and Eastman Chemical Co. plan to demonstrate the production of liquid phase methanol 
(LPMEOH) under a U.S. Department of Energy Clean Coal Technology Round 3 award. The liquid phase methanol synthesis 
process is more efficient than the conventional gas phase process and is better suited for processing the gases produced by modern 
coal gasifiers. Producing methanol as a coproduct in combined cycle coal gasification facilities has distinct advantages. The gasifier 
can be run continuously at its most efficient level. During periods of low power demand, synthesis gas made by the gasifier would 

, be converted to methanol for storage. At peak power demand, this methanol could be used to supplement the combustion turbine, 
thus lowering the size of the gasifier that would be required if the gasifier alone had to meet peak electrical demand. 

The project was originally slated for location at the Texaco Cool Water plant in Dagger, California, but was moved to Eastman 
Chemical Company's coal gasification facility in Kingsport, Tennessee. The Eastman Chemical site offers the advantage of the use 
of existing coal gasifiers with little modification. The unit will produce at least 200 tons of methanol per day at the Kingsport loca-
tion. 

Project Cost:	 $213.7 million; $92 million provided by U.S. Department of Energy
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LUBECK 10CC DEMONSTRATION PLANT - PreussenElektra (C-339) 

The project of PreussenElektra/Gennany has a capacity of 320 MWe net based on hard coal and a net efficiency of 45 percent. 
PRBNFLO gasification technology has been chosen for the gasifier. 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-360) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a 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 Cat 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 (CTC), 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 CFC 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. Tat runs have been made with a variety of caking bituminous coals and no major differences in coke making were 
observed. 

In the C1'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°? in the second heat zone. Lump char discharged from the reactor is cooled in a water jacketed auger 
to 300°F. At present, the char is stored, but in an integrated facility, the cooled char would then be crushed, mixed with binder 
material and briquetted in preparation for conversion to coke in a continuous rotary hearth coker. The moisture and volatile 
hydrocarbons produced in the reactor are recovered and separated in scrubber/condensers into noncondensibles gases and liquids. 

The coal liquid, char, and coke (CI'C/CLq mild gasification technology to be demonstrated involves the production of three 
products from bituminous caking type coals: coal liquids for further refining into transportation fuels, char for ferro-alloy produc-
tion, and formed coke for foundry and blast furnace application in the steel industry. The CTC/CLC process will continuously 
produce blast furnace quality coke within a 2-hour duration 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 CTC's proprietary mild gasification retort reactors operating at about i,(X°F to extract 
the liquids from the coal and produce a devolatized char. The hot char is fed directly into a hot briquette system along with addi-
tional coking coal to form green briquettes. Thepeen briquettes will directly feed into the specially designed rotary hearth con-
tinuous coking process for final calcining at 2,0 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 500 tons of coal per day will be used in the demonstration phase of this plant 

A feasibility study for construction and operation of a commercial plant has been completed and Cit is investigating options for 
financing the construction of 500 ton per day demonstration plant. 

MONASII lIYDROL.IQUEFACflON 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.
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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 caa be extracted from brown coal. 

Project Cost $2.0 million (Australian) since commencement 

MONGOLIAN ENERGY CENI'ER - 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 lb Je League (Prefecture) authorities have made a comprehensive development plan including a 1.1 billion yuan complex which 
will use coal to produce chemical fertilizers. A Japanese company has completed a Feasibility report. 

The region maybe China's most important center of the coal.chemical industry and the ceramic industry in the next century. 

MRS COAL 1-IYDROGENATOR PROCESS PROJECT - British Gas pk and Osaka Gas Company Ltd. (0400) 

Work is being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to produce methane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) coal hydrogenator incorporating internal gas recirculation in an entrained flow system has been developed to 
provide a means of carrying out the process without the problems of coal agglomeration, having to deal with excessive coal fines, or 
excessive hydrogenation gas preheat as Found in earlier work. 

A 200 kilogram per hour pilot plant was built to prove the reactor concept and to determine the overall process economics. The 
process uses an entrained flow reactor with internal gas recirculation based on the Gas Recycle Hydrogenator (GRE) 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 havebeen 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. Over 50 tonnes of coal 
was successfully gasified during 21 performance tests with a cumulative feeding time of 18 days. Continuous operation for periods 
of up to 67 hours was achieved. 

A full-scale physical model of a 50 tonne per day development-scale Coal Hydrogenator was commissioned in 1992. This has 
enabled the scaleup of the hydrogenator to be studied. A range of coal injectors at feedrates of up to 50 tonnes per day have been 
successfully tested. 

The next stage of development is expected to be at 50 tonnes per day and consideration is being given for this to be built in Japan. 
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M.W. KELLOGG UPGRADING OF REFINERY OIL AND PETROLEUM COKE PROJECT - M.W. Kellogg Company and United 
States Department of Energy (C-404) 

The Department of Energy (DOE) has selected the M.W. Kellogg Company, Houston, TX, to study a technology that could in-
crease the efficiency of U.S. refineries by converting the heavy, difficult.to-process 'bottom of the barrel' into commercially useful 
products. 

Ai part of the $1.4 million, 3-year project, Kellogg will adapt a process originally developed for gasifying coal. The company will 
apply the technology to processing heavy slurry oil and the solid, coal-like petroleum coke often left after refineries extract lighter 
fuels such as gasoline, diesel and heating oil. 

Kellogg has been working with the Energy Department since the early 1980s to develop the 'pressurized ash agglomeration 
gasification system,' an advanced technique for gasifying coal. Engineers at the Kellogg Technology Development Center in Hous-
ton, will modify the process to substitute the heavy, unconverted refinery by products for coal. 

A bench-scale reactor unit, originally built for DOE co-sponsored coal gasification tests at a Kellogg subsidiary's pilot plant at 
Waltz Mill, PA, has been relocated, modified and rebuilt at the Houston center. It will be used to measurethe quantity of useable 
gaseous products obtained when the reactions occur in a 'bubbling fluidized bed'—a process in which the coke particles are 
suspended on upward blowing jets of oxygen and steam. 

A companion unit, called a transport reactor test unit, will be used to obtain similar data for reactions in which the particles are 
swept through the gasification/combustion process at faster velocities than a bubbling fluidized bed. 

A key aspect of the test program will be to track the fate of potential pollutants and determine ways to minimize air emissions. 
Petroleum coke often contains most of the impurities left behind by refinery processes. Unless a combustion plant is equipped 
with proper environmental control" rarity in many of the countries buying petroleum coke from the U.S—burning petroleum 
coke can release sulfur pollutants. The solid wastes also contain such metals as nickel and vanadium. 

The Kellogg approach could substantially minimize the release of air pollutants and reduce the amount of solid waste that must be 
disposed of. Several conventional and advanced processes have been developed for cleaning sulfur emissions from both gasification 
and combustion systems. Also, because the processes substantially reduce the quantity of solid waste, metal impurities are more 
concentrated in the ash and more easily handled and disposed of. For example, the ash potentially could be sold to smelters to 
recover the metals. 

NEDO IGCC DEMONSTRATION PROJECT - New Energy and Industrial Technology Development Organization (NEDO) (C40) 

NEDO is studying integrated gasification combined cycle technology as part of a national energy program called the Sunshine 
Project. A 200 ton per day pilot plant has been constructed at the Nakoso power station site in Iwaki City, Fukushima Prefecture. 
The pilot began operating in March 1991. 

The plant, which is designed to produce 42,900 cubic meters of synthetic gas per hour, is expected to operate for about 3 years 
using four different kinds of coal. The gasifier is an air blown, two stage entrained flow type with a dry-feeding system. 

NEDO's goal is to develop a 250 megawatt demonstration plant by the year 2000 that has a net thermal efficiency greater than 
43 percent and better operability than existing pulverized coal-fired plants. In order to obtain this goal, the development of the 
entrained flow gasification pilot plant will be followed by a fluidized bed gasification pilot plant. 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy Development Organization (NEDO) (C410) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after the first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 150 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled 'Victoria Brown Coal Liquefaction Project.' The properties of 
brown coal and bituminous coal are so different that different processes 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. 
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In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated inn 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 I®-ISO arm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major 
products will be light oil. Residue-containing ash will be separated by vacuum distillation. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991. In 1988, 
five different coals were processed in the bench scale unit with encouraging results. 

Project Cat: 100 billion yen, not including the three existing PDU 

OSTRAVA DISTRICT HEATING PLANT - ABS Carbon (C-430) 

A new district heating plant, using ABS Carbon's PFBC system, is planned for Ostrava, Czechoslovakia. The plant will burn high-
ash bituminous coal with up to 1.2 percent sulfur. Efficiency is predicted to be about 80 percent and output is planned to be 
52.7 MW in the winter and 62.5 MW in the summer. Compared to the existng cogeneration plant, sulfur emissions should drop by 
90 percent, NO by 75 percent and particulates by 993 percent. The new power plant will be commissioned in 1996. 

P-CIG PROCESS - Interproject Service AR (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 CIa Process. Over the years work had been done on ironmaking, coal gasification and ferroalloy 
production in laboratory and pilot plant scale. 

In 1984, Interproject Service AR of Sweden and Nippon Steel Corporation of Japan signed an agreement to develop the P-CIG 
Process in pilot plant scale. The pilot plant system was built at the Metallurgical Research Station in Lulca, Sweden. The P-CIG 
Process utilizes the bottom blowing process for injection of coal and oxygen in the iron melt. The first tests started in 1985 and 
several test campaigns were carried out through 1986. The results were then used for the design of a demonstration plant with a 
gasification capacity of 500 tons of coal per day. 

According to project sponsors, the P-CIG Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the Future in Sweden. 

For the 500 tons of coal per day demonstration plant design, the gasification system consisted of a reactor with a charge weight of 
40 tons of iron. Twenty-two tons of raw coal per hour would be crushed, dried and mixed with five tons of flux and injected 
together with 9,000 cubic meters of oxygen gas. 

PINON PINE 16CC POWERPLANT - Sierra Pacific Power Company, M.W. Kellogg Company (C-458) 

Sierra Pacific Power Company is planning to build an 80 MW integrated gasification combined cycle plant at its Tracy Powerplant 
site, east of Reno, Nevada. The plant will incorporate an air-blown KRW fluidized bed gasifier producing a low-Bill gas for the 
combined cycle powerplant. 

Dried and crushed coal is introduced into a pressurized, air-blown, fluidized-bed gasifier through a lockhopper system. The bed is 
fluidized by the injection of air and steam through special nozzles into the combustion zone. Crushed limestone is added to the 
gasifier to capture a portion of the sulfur introduced with the coal as well as to inhibit conversion of fuel nitrogen to ammonia. The 
sulfur reacts with the limestone to form calcium sulfide which, after oxidation, exits along with the coal ash in the form of ag-
glomerated particles suitable for landfill. 

Hot, low-BTU coal gas leaving the gasifier passes through cyclones which return most of the entrained particulate matter to the 
gasifier. The gas, which leaves the gasifier at about 1,700'?, is cooled to 1,050°F before entering the hot gas cleanup system. 
During cleanup, virtually all of the remaining particulates are removed by ceramic candle filters, and final traces of sulfur are 
removed in a fixed bed of zinc ferrite sorbent. 

In the demonstration project, a nominal 800 tons per day of coal is converted into 86 megawatts; support facilities for the plant re-
quire 6 megawatts, leaving 80 megawatts for export to the grid. The plant has a calculated heat rate of 9,082 BTU per kilowatt-
hour (HHV). The project will be designed to run on Western subbituminous coal from Utah; operation with higher sulfur and 
lower rank coals also is being considered. 

The U.S. Department of Energy (DOE) has agreed to fund half of the $270 million project cost. The project is funded by DOE 
through the Clean Coal Technology Program, Round 4. Sierra Pacific Power will fund the remaining 50 percent. 
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Foster Wheeler USA Corp. has been contracted to provide design, engineering, construction, manufacturing and environmental 
services for the project. 

The permitting process was initiated in 1992. Completion is estimated for 1996-1997. The Public Service Commission of Nevada 
approved the project on October 25, 1993. A draft EIS is being prepared by DOE 

Project Cost:	 $270 million for four year operating demonstration project 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C-460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-I "Complex 
Coal Processing." and in 1986 to a Central Research and Development Program under the same title. The leading and coordinating 
unit for the coal liquefaction research has been the Coal Conversion Institute, part of the Central Mining Institute. 

Initial work was concentrated on the two-stage extraction method of coal liquefaction. The investigations were carried out up to 
the bench scale unit (120 kilograms of coal per day). The next step—tests on a Process Development Unit (PDU)—met serious 
problems with the mechanical separation of solids (unreacted coal and ash) from the coal extract, and continuous operation was 
not achieved. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coal per day. 

The construction of the direct hydrogenation PDU at the Central Mining Institute was finished in the middle of 1986. In Novem-
ber 1986 the first integrated run of the entire unit was carried out. 

The significant, original feature of this direct, non-catalytic, middle-pressure coal hydrogenation process is the recycle of part of the 
heavy product from the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
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 coat 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 

PIWNFLO GASIFICATION PILOT PLANT - Knipp Koppers GmbH (KK) (C470) 

Knapp Koppers (KK) of Essen, West Germany (in United States known under the name of GKT Gesellschaft fuer Roble-
Technologic) are presently operating a 48 ton per day demonstration plant and designing a 2,400 ton per day module for the 
PRENFLO process. The PRENFLO process is KK's pressurized version of the Koppers-Totzek (KT) flow gasifier. Detailed en-
gineering has been completed for a 1,200 ton per day module. 

In 1973, XX started experiments using a pilot KT 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 Xl' 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
built and operated for a period of 30 months. After completion of the test program, Shell and XX agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KX's work has led to the PRENFLO 
process. 

Knapp 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 was located at Fuerstenhausen, West Germany. In over 10,000 hours of test operation 12 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 99 percent. 

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. 

SYNTHETIC FUELS REPORT, JUNE 1994 
4-74



STATUS OF COAL PROJECTS (Underline denotes changes since March 1994) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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)]. 

Kellogg has built a bench scale test unit to verify the kinetic data for the transport reactor system and has completed testing in both 
gasification and combustion modes, using bituminous and subbituminous coals. The results in both modes have verified the con-
cept that reactors designed to process pulverized coal and limestone can achieve commercial conversion levels while operating at 
high velocities and short contact times. The test data have been used to support the design of the Wilsonville test gas generator, 
and another unit at UND/EERC. 

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 corn-
busted and the flue gas is filtered and also goes to the gas turbine. The advantages of the system in addition to high efficiency are 
lower capital cat and greatly reduced SO and NO emissions. 

DOE has also approved the design, fabrication, installation and operation of a Process Development Unit (PDU) based upon 
Kellogg's Transport gasification process at the University of North Dakota, Energy and Environmental Research Center 
(UND/EERC). The unit will process 2.4 tons per day of pulverized bituminous coal. Startup of this unit is scheduled for Septem-
ber 1993. 

DOE's Morgantown Energy Technology Center has awarded Kellogg a contract for experimental studies to investigate in-situ 
desulfurization with calcium-based soibents. The testing, conducted at Kellogg's Houston Technology Development Center, inves-
tigates the effects of the sorbcnts on sulfur capture kinetics and carbon conversion kinetics, and the mechanism for conversion of 
calcium sulfide to calcium sulfate in second generation (hybrid) pressurized fluid bed combustion systems. 

PUERTOLLANO 16CC DEMONSTRATION PLANT - ELCOGAS, SA. (C-476) 

Under the corporation ELCOGAS S.A., the Spanish utility company ENDESA together with EDF/France, IBERDROLA/Spain, 
Hidroelectrica del Cantabrico/Spain, SEVILLANA/Spain, ENEL/Ilaly, and EDP/Portugal are involved in the Puertollano project. 
The project also has the European Economic Commission support, under the Thermie Program. 

The proposed project has a capacity of approximately 305 MWe, which is influenced by the type of gas turbine selected (Siemens or 
Aisthom). The PRENFtO gasification technology has been chosen for the gasifier. 

The plant configuration is single-train throughout. Using oxygen and steam, about 100 tons of coal per hour will be gasified. The 
required oxygen, approximately 90 tons per hour, will be produced in a single-train air separation unit. The resulting coal gas will 
be dedusted, desulfurized and saturated in a single-train configuration and then combusted in a single combustion turbine. 

A 50/50 mixture of Puertollano coal and petroleum coke from the Puertollano Petroleum Refinery is intended to be the main 
feedstock for this project. Coals from England, Spain, France, the United States, China, Austria, Columbia, Germany, Poland and 
South Africa will also be tested over the 3-year demonstration period. 

SO Emission values of 10 mg/m 3n and NO values of 60 mg/m'n are expected in the exhaust gas (based on 15 volume percent 
o*n).	 I 

The combined cycle power plant at Puertollano will be switched into the grid in the second quarter of 1996, fueled initially with 
natural gas. Conversion to coal gas will take place by the end of 1996. A 3-year demonstration period is planned. 

Project Cost: ECU600 million 

PYGAS DEMONSTRATION PROJECT - Morgantown Energy Technology Center (METC), CRS Sirrine Engineers, Inc. (C-477) 

MElt and CRS Sirrine have been working on the development of a gasifier which uses carbonizer tubes as a means to drive off 
coal volatiles and tar prior to the conventional fixed-bed gasifier process. The combination of cazbonizer (pyrolysis) tube and 
fixed-bed gasifier results in coal 'Pyrolysis' and 'Gasification,' hence the name PyGas. 

A gasification facility will be built at METC's Gasification Product Improvement Facility (GPIF) located at Monongahela Power's 
Fort Martin site. The gasifier will be rated at 6 tons per hour coal throughput. Operating pressure is 60) psi. It is expected to be 
5 feet in diameter and 34 feet high.
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The concept of the facility is to meter feed coal alone or with limestone through a crusher/dryer and pressure lock pneumatically to 
the piyolyzer section of the gasifier. Porous devolatilized char and pyrolysis gas exit the top of the pyrolyzer. Air is injected into 
the upper dome of the gasifier to raise the temperature high enough to crack tar vapors in the pyrolysis gas. The char separates 
from the gas by gravity and forms the fixed bed. 

The gases pass cocurrently downward with the char into the conventional rued-bed gasification section. The porous char is further 
gasified by the countercurrent admittance or air and steam through a rotating grate. 

QINGDAO GASIFICATION PLANT (C-478) 

China is building a coal gasification plant in the northern city of Qingdao in the Shandong province. The plant, which will produce 
263 million ci per day of gas, involves two coke-making batteries, a coal preparation plant, a thermal power station and 14 gas 
retorts. The plant will provide a district heating network for the 6.7 million person city, eliminating hundreds of coal-fired boilers 
and stoves. 

The gasification project is part of a $210 million environmental cleanup program in Qingdao. The Asian Development Bank will 
finance $103 million of the total cost, with China providing the balance. 

RHEINBRAUN HIGH-TEMPERATURE WINnER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbII, Lurgi 
GmbLI, 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 19601; decided to develop pressurized fluidized bed gasification, the High-
Temperature Winkler (HTW) process. The engineering contractor for this process is Uhde Gmbl-I. 

The development was started at the 'Institut fur Eisenhuttenkundc of Aachen Technical University in an ambient pressure process 
development unit (PDU) of about 50 kilograms per hour coal throughput. 

Based on the results of pre-tests with this PDU a pilot plant operating at pressure of 10 bar was built in July 1978 at the Wachtberg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 1.3 tons per hour dry lignite. By end of 
June 1985 the test program was finished and the plant was shut down. From 1978 until June 1985 about 21,000 tons 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 
ton of brown coal (MAE) 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 I-ITW 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 l-ffW 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. 

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 Rheinbraua's 
Ville/Berrenrath briquetting plant is pipelined to DEA-Union Kiaftstoff for methanol production. From startup in January 1986 
until the end of December 1993 about 1,073,624 tons of dried brown coal, especially high ash containing steam coal, were 
processed in about 47,700 hours of operation. During this time, about 1,431 million cubic meters of synthesis gas were produced. 

A new pilot plant, called pressurized l-ITW gasification plant, for pressures up to 25 bar and throughputs up to 63 tons per hour 
was erected on the site of the former pilot plant of hydrogasilication 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 fea-
tures of the 25 bar gasification are the high specific coal throughput and, consequently, the high specific fuel gas flow of almost 
100 MW per square meter. In mid-1990, the 25 bar HTW plant was modified to permit tests using air as the gasifying agent. Until 
the end of January 1992 the plant was operated for 8,753 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 MWb specific fuel gas 
flow per square meter air blown and 79 percent cold-gas efficiency and 105 MW specific fuel gas flow per square meter oxygen 
blown.	 lb
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From February to September 1992 tests with a German hard coal and with Pittsburgh No. 8 coal were successfully performed in the 
pressurized HTW gasification plant using oxygen and air as gasification agents as well. Within 543 hours of operation 728 tons of 
hard coal was processed. 

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 IGCC technology so as to have a process avail-
able for the new powerplants. Based on the results of these tests and on the operating experience gained with the HTW prts-
surized plant, a demonstration plant for integrated HTW gasification combined cycle (l-fl'W-IGCC) power generation is planned 
which will go on stream in 1996 and will have a capacity of 300 MW of electric power. The gas will be produced in one air-blown 
gasifier. See KOBRA lfl'W-IGCC Project (C-294). 

Project Cat: Not disclosed 

SASOL - Sasol limited (C490) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The Symbol oil-from-coal process was developed by Sasol in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial.scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Seconds—
situated on the Eastern l-Iigbveld of Transvaal, came on.stream in 1980 and 1982, respectively. 

The two Seconds 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, 28,000 tons; and of water, 250 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 coal gasitiers, oxygen plants, Rectisol gas purification units, synthol reac-
tors, gas reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol licensed Synthol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulfur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
propylene for the Polymer Division. The primary fuels produced by Sasol at Secunda are probably among the most environmen-
tally 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 three Seconds Collieries (including the new open cast mines, Syferfontein and Wonderwater), 
which form the largest single underground coal mining complex in the world, and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development program, process design, engineer-
ing, project management, and transfer of technology. 

Sasol approved in 1990 six new projects costing $451 million as part of an overall $33 billion program over the next five years. The 
first three projects are scheduled for completion by January1993. 

Stool has increased its production of ethylene by 55,000 tons per year, to a current level of 400,000 tons per year, by expanding its 
ethylene recovery plant at Secunda. 

The company's total wax producing capacity will be doubled from its current level of 64,000 tons per year to 120,000 tons per year. 

The 70,000 ton per year Sasol One ammonia plant is to be replaced by a 240,000 ton per year plant, which is expected to supply 
South Africa's current ammonia supply shortfall.
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A new facility, Sasol One, to manufacture paraffinic products for detergents was commissioned in March 1993. 

An n-butanol plant to recover acctaldchyde from the Seconds facilities and to produce 17,500 tons per year of n-butanol was com-
missioned during 1992. 

Sasol will construct a delayed colter facility 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 July 
1993. 

A flexible plant to recover 100,000 tons per year of 1-hexane or 1-pentone will be built to come online in January 1994. The tech-
nology was developed in-house by Sasol. 

A krypton/xenon gas recovery plant adjacent to Seconds oxygen units was commissioncd in 1993. 

A major renewal project at Sasol One includes the replacement of the fixed bed Fischer-Tropsch plant with the new Sasol Slurry 
Bed Reactor. 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, 
NOVk 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 coprocessing technology have reduced the capital cost estimates to US$375 million. Net  operating costs are es-
timated at less than US$20 per barrel. 

In late 1988 Hydrocarbon Research Inc. (HRI) was commissioned by Scotia Synfuel Ltd. to perform microautoclave and bench 
scale tests to demonstrate the feasibility of their co-processing technology using Harbour seam coat and several oil feedstocks. In 
arty 1989, Bourret! 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 CS500 million for the plant 

SEP IGCC POWERPLANT - Demkolcc B.V. (SEP) (C-520) 

In 1989, Demkolec, a wholly owned subsidiary of Samenwerkende Elektriciteits-Produktiebedrijven (SEP), the Central Dutch 
electricity generating board, started to build a 253 megawatt integrated coal gasification combined cycle (IGCC) powerplant, to be 
ready in 1993. 

SEP gave Comprimo Engineering Consultants in Amsterdam an order to study the gasification technologies of Shell, Texaco and 
British Gas/Lurgi. In April 1989 it was announced that the Shell process had been chosen. The location of the coal 
gasification/combined cycle demonstration station is Buggenum, in the province of Limburg, The Netherlands. 
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The coal gasification facility will employ a single 2,000 ton per day gasifier designed on the basis of Shell technology. The clean gas 
will fuel a single shaft Siemens V94.2 gas turbine (156 MWe) coupled with steam turbine (128 MWe) and generator. The coal 
gasification plant will be fully integrated with the combined cycle plant, including the boiler feed water and steam systems, addition-
ally the compressed air for the air separation plant will be provided as a bleed stream from the compressor of the gas turbine. The 
design heat rate on internationally traded Australian coal (Drayton) is 8,240 BTU/kWh based on coal higher heating value (HI-N). 

Environmental permits based on NO emissions of 0.11 Ib/MMBTU and SO 2 emissions of 0.06 Ib/MMBTU were obtained in April 
1990. Construction began in July 19) and start of operation is scheduled for September 1993. When operation begins, the Dem-
kolec plant will be the largest coal gasification combined cycle powerplant in the world. Commissioning of the main plant system is 
scheduled to lake place in January through July 1993. 

After three years of demonstration (1994 to 1996), the plant will be handed over to the Electricity Generating Company of South 
Netherlands (N.V. En). 

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 13,000 tons per year of acetate fiber. Completion is due in 
1992.	 - 

SHOUGANG COAL GASIFICATION PROJECT - People's Republic of China (C-527) 

The Shougang plant will gasify 1,170 tons per day of Chinese anthracite using the Texaco coal gasification process. The gasification 
plant will produce fuel gas for an existing steel mill and town gas. The detailed design is being completed and equipment fabrica-
tion is underway. The plant is expected to be operational in late 1992. 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-540) 

The British Gas Corporation (BGC) constructed a prototype high pressure stagging rued 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 coals, including strongly caking and highly swelling coals. The ability to use a considerable proportion of 
fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal 
through the luyeres into the base of the gasifier. Byproduct hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier was carried out successfully be-
tween 1975 and 1983. Total operating time was over one year and over 100,000 tons of coal were gasified. 

A second phase, started in November 1984, was the demonstration of a 500 ton per day (equivalent to 70 megawatts) gasifier with a 
nominal inside diameter of 7.5 feet. Integrated combined cycle tests were carried out with an 5K 30 Rolls Royce Olympus turbine 
to generate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 
1,950°F, a compression ratio of 10, and a thermal efficiency of 31 percent. By 1989 this gasifier had operated for approximately 
1,300 hours and had gasified over 26,000 tons of British and American (Pittsburgh No. 8 and Illinois No. 6) coals. 

The 500-ton per day gasifier was operated at 25 bar until the end of 1990. 

An experimental gasifier designed to operate in the fixed bed stagger mode at pressure up to 70 atmospheres was constructed in 
1988. It was designed for a throughput of 200 tons per day. This unit was operated through 1991. Operation of the gasifier was ex-
cellent over the entire pressure range; the slag was discharged automatically, and the product gas was of a consistent quality. At 
corresponding pressures and loadings the performance of the 200-ton per day gasifier was similar to that of the 500-ton per day 
unit previously used. 

As the pressure rises, the gas composition shows a progressive increase in methane and a decrease in hydrogen and ethtylene, while 
the ethane remains fairly constant. The tar yield as a percentage of the dry ash free coal decreases with pressure. The cold gas ef-
ficiency, i.e., the proportion of the fuel input converted to potential heat in the output gas, was above 90 percent. The throughput 
increased approximately with the square root of the ratio of the operating pressures. 

Project Cost: Not available
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SYNTHESEGASANLAGE RUIIR (SAR) - Ruhrkohle Oci 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) 

TAMPELIA 10CC PROCESS DEMONSTRATION —Tampella Power ((>565) 

After having obtained the rights to the Institute of Gas Technology's fluidized bed gasification technology in 1989, Tampella Keeler 
began to design and initiate construction of a 10 MW thermal pilot plant at their research facilities in Tampere, Finland. The pilot 
plant is considered essential for determining operating parameters for specific coals and for continuing process development in the 
areas of in-gasifier sulfur capture and hot gas cleanup. The pilot plant will be operational in early 1991. 

The pilot plant is designed so that alternative hot gas falters 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 papermill has been selected as the basis for the demonstra-
tion in Finland. The gasifier will have a capacity of 150 MW thermal which is equal to about 500 tons per day of coal consumption. 
The plant will produce about 60 MW of electricity and about 60 MW equivalent of district heating. 

In September, 1991 Tampella received support from the U.S. Department of Energy (DOE) to build an integrated gasification 
combined-cycle demonstration facility, known as the Toms Creek 10CC Demonstration Project, in Coeburn, Wise County, Virginia 
(see project C-MO, below). The Toms Creek Project will utilize Tampella Power's advanced coal gasification technology to 
demonstrate improved efficiency for conversion of coal to electric power while significantly reducing SO  and NO emissions. 

TECO 10CC PLANT - Teco Power Services, U.S. Department of Energy ((>567) 

Tampa Electric Com pan?s (FEC) new Polk Power Station Unit #1 will be the first unit at a new site and will use Integrated 
Gasification Combined Cycle (10CC) Technology. The project is partially funded by the U.S. Department of Energy (DOE) under 
Round III of its Clean Coal Technology Program. In addition to the TEC and DOE, TECO Power Services (FPS), a subsidiary a 
TECO Energy, Inc., and an affiliate of 'FEC, is also participating in the project. ITS is responsible for the overall project manage-
ment for the DOE portion of this IGCC project. 

The Polk Power Station IGCC Project will be constructed in two phases. TEC's operation needs called for 150 MW of peaking 
capacity in mid-1995, becoming part of the 260 14W of total IGCC capacity in mid-1996. The first phase will be the installation of 
an advanced combustion turbine (CI) scheduled for commercial operation in July 1995. This Cr will fire No. 2 oil during its first 
year while in peaking service. During that year, TEC will complete installation of the gasification and combined cycle facilities 
which will be in commercial operation in July 1996. 

In addition, part of this DOE CCI' project will be to test and demonstrate a new hot gas clean-up (HGCU) technology. 

The Texaco Gasification Process has been selected for integration with a combined cycle power block. 

Part of the Cooperative Agreement for this project is the two-year demonstration phase. During this period it is planned that 
about four to six different types of coal will be tested in the operating 10CC power plant. The results of these tests will compare 
this unit's efficiency, operability, and costs, and report on each of these test coals specified against the design basis coal. These 
results should identify operating parameters and costs which can be used by utilities in the future as they make their selection on 
methods for meeting both their generation needs and environmental regulations. 

Project Cost:	 million
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TEXACO COOL WATER PROJECT - Texaco Syn gas 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 began in Decent. 
her 1981, was completed on April 30, 1984, within the projected $300 million budget. A 5-year demonstration period was com-
pleted in January 1989. See 'Cool Water Project' in the December 1991 issue of the Synthetic Fuels Report, Status of Projects sec-
tion for details of the original completed project 

Texaco plans to modify and reactivate the existing facilities to demonstrate new activities which include the addition of sewage 
sludge into the coal feedstock, production of methanol, and carbon dioxide recovery. 

Texaco intends to use a new application of Texaco's technology which will allow the Cool Water plant to convert municipal sewage 
sludge to useful energy by mixing it with the coal feedstock. Texaco has demonstrated in pilot runs that sludge can be mixed with 
coal and, under high temperatures and pressures, gasified to produce a clean synthesis gas. The plant will produce no harmful 
byproducts. 

Texaco Syngas Inc. has initiated efforts to restructure the financing of the Texaco Cool Water Project and continua to negotiate 
with Southern California Edison Company for the power purchase agreement based on the California Energy Commission Com-
mittee Order dated November 2, 1992. Successful negotiation of the power purchase agreement, with necessary State of California 
approvals, would allow the acquisition of the Cool Water Gasification Facility, by Texaco Syngas Inc. from Southern California 
Edison Company, to be completed. 

Project Cost $263 million for original Cool Water Coal Gasification Program 
$213.7 million for the commerical demonstration of the liquid-phase methanol process 

TEXACO MONTEBELLO RESEARCH LABORATORY STUDIES - Texaco Inc. (C-571) 

Texaco has a number of on-going coal gasification research and development programs at its Montebello Research Laboratory 
(MRL). MILL is a major pilot-scale process development facility which has been involved in gasification research since 1946. It 
currently has three gasifiers which are capable of producing from 1 to 23 mmscfd of swims usin g solid, liq uid and gaseous 

MILL is the technical su pport center for the Texaco Gasification Process (TOP). It serves the dual purpose of doing research and 
pilot unit testing for the continuous im provement of the TOP and for obtaining data required for the design and environmental 
permitting of commercial plants. In recent years, the research emphasis has expanded to include the improved integration of the 
gasification process with the overall chemical or powerplant, reducin g costs and optimizing reliability. This includes the develop-
ment of high temperature syngas cleanup technology (jointly funded by the U.S. Department of Energy), improved low tempera-
ture acid gas removal processes and engineering studies aimed at increasing the efficiency and reducing the cost of Texaco gasifica-
tion based chemical and power generation plants. 

The research continues to expand the already wide range of feeds which can be gasified by the TOP. Recent work has included oily 
wastes, Orimulsion, contaminated soil, sewage sludge, plastics and tire oil. 

ThERMOCHEM PULSE COMBUSTION DEMONSTRATION - ThermoChem, Inc., ENSERV, a subsidiary of Wisconsin Power and 
Light, and U.S. Department of Energy (C-Si?) 

ThennoChem will demonstrate Manufacturing and Technology Conversion International's (MTCI) pulse combustor in an applica-
tion for steam gasification of coal. This gasification process will produce a medium BTU content fuel gas from subbituminous coal 
at a mine-mouth K-Fuel production plant in Gillette, Wyoming. The fuel gas and byproduct steam produced by this demonstration 
unit will be used in the K-Fuel Proccss. 

The heat required for the gasification will be supplied by the combustion of cleaned gasification products (fuel gas) in numerous 
pulsed combustion tubes. The products of pulsed combustion are separated from the gasification products. Since no dilution of 
the byproducts of combustion or of gasified fuel gas occurs, a medium BTU content fuel (500 RI1J/scf) gas will be produced. The 
turbulent nature of the pulsed combustor contributes to a high combustion heat release density and high heat transfer rates to the 
gasifier bed. The fluidized bed coal gasifier also offers high turbulence and heat transfer rates. 

The objective of the ThennoChcm project is the demonstration of a 300 ton per day (as-received coal) novel coal gasification unit. 
It will supply a product fuel gas with a heating value of 161.2 million BTU/hr for boiler fuel. Use of the fuel gas in place of hog-
fuel boilers will lower particulate emissions at the host facility. Another goal of the project is to determine whether gasification can 
be used on other potential energy sources, such as pulp-making byproducts.
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A preliminary design of the ThermoChem coal gasification demonstration plant integrated with the host K-Fuel facility was corn-  
pitted in April 1993. Test gasification of the design coal is under way at ThernioChem's Baltimore, Marytand facility. 

The U.S. Department of Energy will Fund 50 percent of the project under Round 4 of the Clean Coal Technology Program. 

Project Cost:	 $37.3 million for four years 

TOM'S CREEK IGCC DEMONSTRATION PLANT - TAMCO Power Partners and U.S. Department of Energy (C-580) 

TAMCO Power Partners, a partnership between Tampella Power Corporation and Coastal Power Production Company will build 
an integrated gasification combined cycle powerplant in Coeburn, Virginia. The U.S. Department of Energy will fund 48.3 percent 
of the $197 million project under Round 4 of its Clean Coal Technology Program. 

The project will demonstrate a single air blown fluidized bed gasifier, based on the U-GAS technology developed by the Institute of 
Gas Technology. The plant will burn 430 tons per day of local bituminous coal and produce a net 55 MWe. Power will be genera-
ted by firing low-BTU product gas in a gas turbine generator and by a steam turbine generator supplied by the waste heat from the 
gas turbine. 

A cooperative agreement was signed with the DOE in October 1992. A power sales agreement has yet to be signed. 

Project Cost:	 $196.6 million 

UBI3 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 
(I'CGP) in 1984. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are used 
with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and the first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative front end' of the existing steam reforming 
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 2.5 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 

VARTAN DISTRICT HEATING PLANT - Energie Verk (C-595) 

In 1990, a gas turbine PFBC system went into operation at the Vartan district heating plant in Stockholm, Sweden. The gas turbine 
is a two-shaft, intercooled machine with the compressor providing the combustion air for the fluidized bed, ivhich is then returned 
through a cyclone system to clean the gas before it enters the turbine. In a combined cycle the gas turbine exhaust heat is captured 
in the usual way, but the heat recovery boiler acts only as an evaporator, because the superheater stage is formed by a tube bundle 
embedded in the fluidized bed. 

The Varian plant has an output of 135 MW of electric capacity and 210 MW thermal (MWt). The coal used has about 1 percent 
sulfur and is fed to the combustor as a coal-water paste. Efficiency is about 42 percent. 

VEW GASIFICATION PROCESS - Vereinigte Elektrizitatswerke Westfalen AG, Dortmund (C-600) 	 - 

A gasification process being specially developed for application in powerplants is the VEW Coal Conversion Process of Vereinigte 
Eiektrizitatswerke 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-
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wry 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 evapora-
tion plant 

-	 Dry removal of chlorine and fluorine in a circulating fluidized bed in which time is used as a reagent 

The test operation was finished in January1991. 

The future concept of a coal-based combined cycle powerplant links the partial coal gasification and the product gas cleaning with 
an innovative circulating fluidized bed combustor. In this process the product gas is freed only from dust, chlorine, and fluorine in 
order to protect the gas turbine materials. NO reduction and sulfur removal is carried out in the combustor. 

Project Cost: Not disclosed 

VICTORIAN BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) fly. Ltd. (C-610) 

BCLV was operating a pilot plant at Moiwell 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 Iwai, Idemitsu Kosan, and Cosmo Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy and Industrial Technology Development Organization (NEDO). NBCL is entrusted with implementation of the 
entire program, and BCLV is carrying out the Australian components. The Victorian government is providing the plant site, the 
coal, and some personnel. 

Construction of the drying, slursying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. The pilot plant was operated until October 1990, and shut down at that point. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Ply. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. The aim of the pilot plant 
was to piwe the effectiveness of the BCL 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 100,000 barrels of synthetic oil, consisting of six 
lines of plant capable of producing 16,000 barrels from 5,000 tonnes per day dry coal. For this future stage, Australian companies 
will be called for equity participation for the project. 

Project Cost: Approximately $700 million 

WABASH RIVER COAL GASIFICATION REPOWERING PROJECT - Destec Energy, Inc. and PSI Energy Inc. (0.614) 

Located in West Terre Haute, Indiana, the project will repower one of the six units at PSI Energy's Wabash River power station. 
The repowering scheme will use a single train, oxygen-blown Destec gasification plant and the existing steam turbine in a new in-
tegrated gasification combined cycle configuration to produce 262 megawatts of electricity from 2,553 tons per day of high sulfur Il-
linois basin bituminous coal. The plant will be designed to substantially out-perform the standards established in the Clean Air Act 
Amendments for the year 2000. The demonstration period for the project will be 3 years after plant startup. 	 - 

The CGCC system will consist of Destec's two-stage, entrained-flow coal gasifier, a gas conditioning system for removing sulfur 
compounds and particulates; systems or mechanical devices for improved coal feed; a combined.cycle power generation system, 
wherein the conditioned synthetic fuel gas is combusted in a combustion turbine generator; a gas cleanup system; a heat recovery 
steam generator, all necessary coal handling equipment; and an existing plant steam turbine and associated equipment. 
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The demonstration will result in a combined-cycle powerplant with low emissions and high net plant efficiency. The net plant heat 
rate for the new, repowered unit will be 9,030 BTtJ per kilowatt-hour, representing a 20 percent improvement over the existing unit 
while cutting SO  by greater than 98 percent and NO emissions by greater than 85 percent. 

The project was selected for funding under Round IV of the U.S. Department of Energy's (DOE) Clean Coal Technology 
Program, and is slated to operate commercially following the demonstration period. DOE has agreed to provide funding of up to 
$198 million under the Cooperative Agreement. 

Construction began in the summer of 1993 and will be completed, with startup, by third quarter 1995. 

Project Cat: $396 million 

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 Cii million feasibility study, led by the Coal Association of Canada and begun in 1990, evaluated 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 study was completed in mid 1991. During the course of the study, it was determined that the project would be too 
expensive and questions about the necessity of the use of 10CC technology to reduce CO emissions were also raised. However, 
two companies, Nova Scotia Power and Saskatchewan Power are stilt actively consideri4 the results of the feasibility study to 
determine whether or not to go ahead with a siting study for the project. 

As of August 1993, no 10CC plant is being actively planned. 

WESTERN ENERGY ADVANCED COAL CONVERSION PROCESS DEMONSTRATION - Rosebud SynCoal Partnership, West-
ern Energy Company, United States Department of Energy (0616) 

The United States Department of Energy (DOE) signed an agreement with Western Energy Company for funding as a replace-
ment project in Round I of the Department's Clean Coal Technology Program. DOE will fund half of the $69 million project and 
the partners will provide the other hair of the funding. Western Energy Company has entered a partnership with Scoria Inc., a sub-
sidiary of NRG, Northern States Powers' nonutility group. The new entity, Rosebud SynCoal Partnership will be the project 
owner. Western Energy Company has retained a contract to build and operate the facility. 

The Western proposal is a novel coal cleaning process to improve the heating value and reduce the sulfur content of western coals. 
Typical western coals may contain moisture as much as 25 to 55 percent of their weight. The high moisture and mineral content of 
the coals reduces their heating value to less than 9,000 BTU per pound. 

The Western Energy process would upgrade the coals, reducing their moisture content to as low as 1 percent and produce a heating 
value of up to 12,000 BTU per pound. The process also reduces sulfur content of the coals, which can be as high as 13 percent, to 
as low as 0.3 percent. The project will be conducted at a 50 ton per hour unit adjacent to a Western Energy subbituminous coal 
mine in Colstrip, Montana. 

Construction of the ACCP demonstration facility is complete and initial "turnover" of equipment started in December 1991. The 
DOE agreement calls for a 3-year operation demonstrating the ability to produce a clean, high quality, upgraded product and test-
ing the product in utility and industrial applicatiom 

inil ial startup was achieved in early 1992; however, due to mechanical problems, reliable operation was not achieved until Auzust 
The plant will produce 1,000 tons per day, or 300,000 tons per year of upgraded solid fuel at full production. 

Rosebud SynCoal Partnership successfully worked with Montana Power Company's Corette plant to conduct 7 months of tests 
using a SynCoal/raw coal blend. Several utilities are considering test burns over the summer of 1994. includinz Northern States 

Based on the successful demonstration, Western Energy hopes to build a privately financed commercial-scale plant processing 1 to 
3 million tons of coal per year by 1997. 

In late December 1993, Minnkota Power Cooperative signed a letter of intent with Rosebud SynCoal Partnership for a $2 million 
study to examine the merits of scaling up the latter's technology to an $80 million commercial plant. 

The SynCoal plant would be sited next to Minnkota's Milton It Young power station near Center, North Dakota, northwest of Bis-
marck. The engineering and design study would be completed in mid-1994. 

Project Cat $69 million
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WILSONVILLE POWER SYSTEMS DEVELOPMENT FACILITY (PSDF) PROJECT - Southern Company Services, Inc. and United 
States Department of Energy (C-617) 

The PSDF will consist of five modules for systems and component testing. These modules include an Advanced Pressurized 
Fluidized Bed Combustion (APEBC) Module, and Advance Gasifier Module, Hot Gas Cleanup Module, Compressorflutbine 
Module, and a Fuel Cell Module. 

The intent of the PSDF is to provide a flexible test facility that can be used to develop advanced power system components, 
evaluate advanced turbine and fuel cell system configurations, and assess the integration and control issues of these advanced 
power systems. The facility would provide a resource for rigorous, long-term testing and performance assessment of hot stream 
cleanup devices in an integrated environment, permitting evaluation of not only the cleanup devices but also other components in 
an integrated operation. 

The facility will be located at the Southern Company's Clean Coal Research Center in Wilsonville, AL It will be sized to feed 
104 tons per day of Illinois No. 6 bituminous coal with a Powder River subbituminous coal as an alternate coal. Longview Lime-
stone, which is obtained locally near Wilsonville, has been chosen for initial testing. 

The advanced gasifier module involves M.W. Kellogg's transport technology for pressurized combustion and gasification to provide 
either an oxidizing or reducing gas for parametric testing of hot particulate control devices. The transport reactor is sized to 
process nominally 2 tons per hour of coal to deliver 1,000 ACFM of particulate laden gas to the PCD inlet over the temperature 
range of 1,000 to 1,8000F at 300 psig. 

The second-generation APFBC system is capable of achieving 45 percent net plant efficiency. The APFI)C system designed for the 
PSDF consists of a high pressure (170 Pais), medium temperature (1,600°F) carbonizer to generate 1,500 ACFM of low-BTU fuel 
gas and a circulating PFBC (operating at 150 Pais, 1,600T) generating 7,500 ACFM combustion gas. The coal feed rate to car-
bonizer

.
 will be 2.75 tons per hour, and with the Longview limestone, a Ca/S molar ratio of 1.75 is required to capture 90 percent of 

the sulfur in the carbonizer/CPFBC. The gas exiting from the cnthonizer and the CPFBC is filtered hot to remove particulates 
prior to the topping combustor. 

A Multi-Annular Swirl Burner (MASB) is chosen to combust the gases from the carbonizer and increase the temperature of the 
CPFBC flue gases to 2,350°F. The exit gases are, however, cooled to 1,970°F in order to meet the temperature limitation on the 
gas turbine. 

The hot gas is expanded through a gas turbine (Allison Model 501-1(M), powering both the electric generator and air compressor. 

The hot gases coming off the transport reactor, carbonizer and CFFBC will be cleaned by different PCD5. The PCDs from several 
different developers are being evaluated for testing at the PSDF. The list includes ceramic cross-flow, candle and tube filters and 
sereenless granular bed filters. 

Plans are being made to eventually integrate a fuel cell module with the transport gasifier. The capacity of the fuel cell to be tested 
initially is set at 100 kW. Provision has been made in the site layout of the PSDF to phase in a multi-MW fuel cell module with 
commercial stacks utilizing more than 80 percent of gases from the transport gasifier. 

Installation is scheduled to be completed by the end of 1994, followed by operation of the facility from 1995 through 1997 

Project Cost $147 million 80% by U.S. Department of Energy 

WUJING TRJGENERATION 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 1.7 million cubic meters per day of 3,800 Kcal per cubic 
meter of town gas; 60,000 kilowatt-hours of electricity per year, 100 metric tons per hour of low pressure steam; and 200,000 metric 
tons per year of 99.85 percent purity chemical grade methanol, 50,000 metric tons per year of acetic anhydride, and 50,000 metric 
tons per year of cellulose acetate. The project will be constructed in three phases. 	 -. 

In Phase 1, the production plan is further divided into 2 stages. In the first stage, 1 million cubic meters per day of town gas and 
100,000 tons per year of methanol will be produced. The second stage will add another 0.7 million cubic meters per day of town gas 
and other 100,000 tons per year of methanol.
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In November 1991, SCCP and Texaco Development Corporation signed an agreement for Texaco to furnish the gasifier, coal slurry 
and methanol systems. SCCP will import other advanced technologies and create foreign joint ventures at later stages for the 
production of acetic anhydride, formic acid, cellulose acetate and combined cycle power generation. 

In March 1992, a foundation stone laying ceremony was performed at the plant site. In December of 1993, three sets of Air 
Separation units, each producing ILODO cubic meters per hour of 99.6 91b oxygen, were started up. Phase I is scheduled to be com-
pleted by June 1995. 

Project Cost: 2 billion yuan 

YUNNAN LURCH CHEMICAL FERTILIZERS PLANT - Yunnan Province, China (C-625) 

In the 1970s9 a chemical fertilizer plant was set up in Yunnan province by using Lurgi pressurized gasifiers of 2.7 meter diameter. 
The pressurized gasification of a coal water slurry has completed a model test with a coal throughput of 20 kilograms per hour and 
achieved success in a pilot unit of 13 tons per hour. The carbon conversion reached 95 percent, with a cold gas efficiency of 
66 percent. 

For water-gas generation, coke was first used as feedstock. In the 1950s, experiments of using anthracite to replace coke were suc-
cessful, thus reducing the production cost of ammonia by 25 to 30 percent. In order to substitute coal briquettes for lump 
anthracite, the Beijing Research Institute of Coal Chemistry developed a coal briquetting process in which humate was used as a 
binder to produce synthetic gas for chemical fertilizer production. This process has been applied to production. 

YUNNAN PROVINCE COAL GASIFICATION PLANT - People's Republic of China ((>630) 

China is building a coal gasification plant in Kunming, Yunnan Province, that will produce about 220,000 cubic meters of coalgas 
per day. Joe Ng Engineering of Ontario, Canada has been contracted to design and equip the plant with the help of a $5 million 
loan from the Canadian Export Development Corporation.
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A-C Valley Corporation Project A-C Valley Corporation June 1984; page 4-59 

Acurex-Aerotherm Low-BTU Gasifier Acurex-Aerotherm Corporation September 1981; page 4-52 
for Commercial Use Glen-Ge.y Corporation 

United States Department of Energy 

ADL Extractive Coking Process Arthur D. Little, Inc. March 1978; page B-fl 
Development Foster-Wheeler 

United States Department of Energy 

Advanced Coal Liquefaction Pilot Plant - Amoco, Inc. March 1994; page 4-56 
at Wilsonville Electric Power Research Institute 

United States Department of Energy 

Advanced Flash Hydropyrolysis Rockwell International June 1987; page 4-47 
U.S. Department of Energy 

Agglomerating Burner Project Battelle Memorial Institute September 1978; page B-fl 
United States Department of Energy 

Air Products Slagging Gasifier Air Products and Chemicals, Inc. September 1985; page 4-61 
Project 

Alabama Synthetic Fuels Project AMTAR Inc. June 1984; page 4-60 
Applied Energetics Inc. 

Aznax/EERC Mild Gasification Amax, Inc. March 1994; page 4-57 
Demonstration North Dakota Energy & Environment Research Center 

Amax Coal Gasification Plant AMAX, Inc. March 1983; page 445 

Appalachian Project M. W. Kellogg Co. September 1989; page 4-53 
United States Department of Energy 

Aqua Black Coal-Water Fuel Gallagher Asphalt Company, December 1986; page 4-35 
Standard Havens, Inc. 

Arkansas Lignite Conversion Dow Chemical Company, December 1984; page 4-64 
Project Electec Inc. 

International Paper Company 

Australian SRC Project CSR Ltd. September 1985; page 4-62 
Mitsui Coal Development Pty, Ltd. 

Beach-Wibaux Project See Tenneco SNG from Coal 

Beacon Process Standard Oil Company (Ohio) March 1985; page 4-62 
TRW, Inc. 

Bell High Mass flux Gasifier Bell Aerospace Textron December 1981; page 4-72 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. December 1983; page 4-77 
Placer U. S. Inc. 

BI-GAS Project United States Department of Energy March 1985; page 4-63 

Breckinridge Project Bechtel Petroleum, Inc. December 1983; page 4-78 

BRICC Coal Liquefaction Program Beijing Research Institute of Coal Chemistry March 1992; page 4-50
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Burnham Coal Gasification El Paso Natural Gas Company September 1983; page 4-62 
Project 

Byrne Creek Underground Coal Dravo Constructors March 1987; page 4-90 
Gasification World Energy Inc. 

Calderon Fixed-Bed Slagging Project Calderon Energy Company December 1985; page 4-73 

Car-Mox Low-BTU Gasification Mike Chemicals, Inc. March 1980; page 4-53 
Project 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page 11-25 

Caterpillar Low BTU Gas From Coal Caterpillar Tractor Company September 1988; page 4-55 

Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page B-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 11-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page B-26 

Coalex Process Development Coalex Energy December 1978; page 11-26
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Pro ject	 Sponsors 

COGAS Process Development 	 COGAS Development Company, a joint 
venture of: 	 - 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company

Last Appearance in SFR 

December 1982; page 4-86 

Bechtel Development Company 
Colstrip Energy Limited Partnership 
Pacific Gas and Electric Company 
Rosebud Energy Corporation 

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

Colstrip Cogeneration Project 

Columbia Coal Gasification 
Project 

Combined Cycle Coal Gasification 
Energy Centers 

Composite Gasifier Project 

Conoco Pipeline Gas Demonstra-
tion Plant Project

December 1990; page 4-59 

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 

Corex Iron Making Process Korf Engineering March 1990; page 4-5I 

Cresap Liquid Fuels Plant fluor Engineers and Constructors December 1979; page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coat-to-Gasoline Crow Indian Tribe September 1984; page C-8 
Project TransWorld Resources 

Danish Gasification Combined 
Cycle Project Elkraft December 1991; page 4-75 

DeSota County, Mississippi Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal Liquefaction Process Dow Chemical Company 	 - December 1984; page 4-70 
Development

SYNTHEI1C FUELS REPORT, JUNE 1994 
4-89 



STATUS OF COAL, PROJECTS 

COMPLETED AND SUSPENDED PROJECT'S (Continued)

Pro ject Sponsors Last Appearance in SFR 

Dow Gasification Process Development Dow Chemical Company June;1987 page 4-53 

EDS Process Anaconda Minerals Company June 1985; page 4-63 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal liquefaction Development Co. 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

Elmwood Coal-Water-Fuel Project Foster Wheeler Tennessee March 1987; page 4-66 

Emery Coal Conversion Project Emery Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985; page 4-66 

Escrick Cyclone Gasifier Test Oaklands Limited March 1991; page 4-81 

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 176 
KRW Energy Systems, Inc. 

Hash Pyrolysis Coal Occidental Research Corporation December 19824 page 4-91 
Conversion United States Department of Energy 

Flash Pyrolysis of Coal Brookhaven National Laboratory June 1988; page 4-69 

Florida Power Combined Cycle Florida Power Corporation December 1983; page 4-87 
Project United States Department of Energy 	 - 

Freetown IGCC Project Texaco Syngas Inc. December 1993; page 4-73 
Commonwealth Energy 
General Electric Co. 

Fuel Gas Demonstration Plant Foster-Wheeler Energy Corporation September 1980; page 4-68 
Program United States Department of Energy 

Fularji 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 

(JFK Direct Liquefaction Project German Federal Ministry for Research & Technology March 1994; page 4-69 
Saarbergwerke AG 
GFK Gesellschaft fur Kohleverfiussiqung 

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
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project
	

Sponsors
	 Last Appearance in SFR 

Grefco Low-BTU Project 

OS? Pilot Plant Project 

Gulf States Utilities Project 

Hampshire Gasoline Project 

Hanover Energy Doswell Project 

I-I-Coal Pilot Plant 

Hillsborough Bay Coal-Water 
Fuel Project 

Howmet Aluminum 

H-R International Syngas Project 

Huense 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 

Kansk-Achinsk Basin Coal Liquefaction 
Pilot Plant 

Kennedy Space Center Polygeneration 
Project

General Refractories Company 
United States Department of Energy 

German Democratic Republic 

KRW Energy Systems 
Gulf States Utilities 

Kaneb Services 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

Doswell Limited Partnership 

Ashland Synthetic Fuels, Inc. 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

ARC-Coal Inc. 
Bechtel Power Corporation 
COMCO of America, Inc. 

Ilowmet Aluminum Corporation 

H-R International, Inc. 
The Slagging Gasification Consortium 
Carbon Gas Technology (CGT) GmbII 

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 SeMcefLummus 

International Telephone & Telegraph 
J. W. Miller 
United States Department of Energy 

Arizona Public Service 
San Diego Gas and Electric 
Southern California Edison 

Union of Soviet Socialist Republics 

National Aeronautics & Space 
Administration

December 1983; page 4-91 

December 1991; page 4-80 

March 1985, page 4-74 

December 1993; page 4-91 

March 1991; page 4-84 

December 1983; page 4-92 

September 1985; page 4-69 

March 1985, page 4-74 

December 1985, page 4-80 

March 1991; page 4-85 

December 1978; page B-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 

March 1992; page 4-82 

June 1986; page 4-85 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Pro ject Sponsors 

Ken-Tex Project Texas Gas Transmission Corporation 

Keystone Project The Signal Companies 

King-Wilkinson/Hoffman Project a J. hoffman 
King-Wilkinson, Inc. 

KILnGAS Project Allis-Chalmers 
State of Illinois 
United States Department of Energy 
Central Illinois Light Company 
Electric Power Research Institute 
Illinois Power Company 
Ohio Edison Company

Last Appearance in SFR 

December 1983; page 4-95 

September 1986; page 4-71 

March 1985; page 4-80 

December 1988; page 4-65 

Kiockner Coal Gasifier 

Kohle Iron Reduction Process 

KRW Energy Systems Inc. Advanced 
Coal Gasification System for 
Electric Power Generation 

Lake DeSmet SNG from Coal 
Project 

LaPorte Liquid Phase Methanol 
Synthesis 

Latrobe Valley Coal Lique-
faction Project 

LC-Fining Processing of SRC 

LIBIAZ Coal-To-Methanol Project

Kiockner Kohlegas 
CRA (Australia) 

Weirton Steel Corp 
U.S. Department of Energy 

M.W. Kellogg Company 
U.S. Department of Energy 
Westinghouse Electric 

Texaco Inc. 
Transwestern Coal Gasification Company 

Air Products and Chemicals Inc. 
Chem Systems Inc. 
Electric Power Research Institute 
U.S. Department of Energy 

Rbeinische Braunkohlwerke AC) 

Cities Service Company 
United States Department of Energy 

Krupp Koppers, KOPEX

March 1987; page 4-74 

December 1987; page 4-75 

December 1991; page 4-84 

December 1982; page 4-98 

December 1991; page 445 

December 1983; page 4-96 

December 1983; page 4-96 

December 1988; page 4-65 

March 1985, page 4-81 Liquefaction of Alberta 
Subbituminous Coals, Canada

Alberta/Canada Energy Resources 
Research Fund 
Alberta Research Council 

Low-BTU Gasifiers for Com-
mercial Use-Irvin Industries 
Project 

Low/Medium-BTU Gas for Multi-



Company Steel Complex 

Low-Rank Coal Liquefaction 
Project 

Lulea Molten Iron Gasification Pilot Plant

Irvin Industrial Development, Inc. 
Kentucky, Commonwealth of 
United States Department of Energy 

Bethlehem Steel Company 
United States Department of Energy 
Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

United States Department of Energy 
University of North Dakota 

lU-ID Ilumbolt Wedag AG and 
Sumitomo Metal Industries, Ltd.

June 1979; page 4-89 

December 1983; page 4-98 

March 1984; page 4-49 

March 1991; page 4-90 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Prolect Sponsors Last Appearance in SFR 

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-Bit) Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc. 

Memphis Industrial Fuel Gas CBI Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International 
houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal UGh Corporation March 1978; page B-22 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Midrex Electrothermal Direct Georgetown Texas Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Mild Gasification of Western Coal Amax March 1994; page 4-76 
Western Research Institute 

Millmerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern - 
Cleveland-Cliffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser 

Minnegasco IIigh-BTU Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy
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STATUS OF COAL PROJECTS 

COMPLEFED AND SUSPENDED PROJECTS (Continued) 

Pro ject Sponsors Last Appearance in SFR 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Minnesota Power ELFUEL Project Minnesota Power & Light June 1991; page 4-82 
lINt 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 

Mountain Fuel Coal Gasification Process Mountain Fuel Resources September 1988; page 4-67 
Ford Bacon & Davis 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 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 

Slurrytech, Inc. 

New Mexico Coal Pyrolysis Project Energy Transition Corporation September 1988; page 4-67 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority

North Dakota Synthetic Fuels 	 InterNorth	 December 1983; page 4-106 
Project	 Minnesota Gas Company	 - 

Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Project Sponsors Last Appearance in SFR 

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 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project P8W Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company	 - 

Penn/Sharon/Klockner Project Kleckner Kohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coal Company September 1984; page C-28 
Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy 
Plasma An Torch Swindell-Dresser Company December 1978; page B-33 

Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. December 1985; page 4-86 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison March 1979-,page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project Integrated Carbons Corporation December 1983; page 4-108 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of December 1978; page 8-34 
Occidental Research Corporation 
Tennessee Valley Authority
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project	 Sponsors 

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

Last Appearance in SFR 

March 1985; page 4-90 

December 1981; page 4-93 

RUHRIOO Project 

Rheinbraun Ilydrogasification of Coal 

Saart.ergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Scrubgrass Project 

Sesco Project 

Sharon Steel

Ruhrgas AG 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Reinische Braunkohlenwerke 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke AG 
Dr. C Otto & Company 

Foster Wheeler Corporation 

Scrubgrass Associates 

Solid Energy Systems Corporation 

Klockner Kohiegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation

September 1984; page C-29 

December 1987; page 4-80 

June 1984; page 4-86 

September 1985; 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 IGCC Demonstration Project 	 General Electric Company	 September 1986; page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy

September 1985; page 4-78 Slagging Gasification Consortium 
Project

Babcock Woodall-Duckham Ltd 
Big Three Industries, Inc. 
The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Lima Coal Gasification/ 
Ammonia Plant Retrofit Project

Sohio Alternate Energy Development 
Company

March 1985; page 4-93 

Solution-I-lydrogasification 
Process Development 

South Australian Coal Gasification 
Project 

Southern California Synthetic 
Fuels Energy System

General Atomic Company 
Stone & Webster Engineering Company 

Government of South Australia 

C F. Braun 
Pacific Lighting Corporation 
Southern California Edison Company 
Texaco Inc.

September 1978; page B-31 

December 1992, page 4-75 

March 1981; page 4-99 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued)

Project Sponsors Last Appearance in SFR 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 443 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy	 - 
Wheelabrator-Fiye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page 8-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page 8-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Toscoal Process Development TOSCO Corporation September 1988; page 4-72 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

TVA Ammonia From Coal Project Tennessee Valley Authority September 1989; page 4-77 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas 

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 Brasiteriras September 1988; Page 4-75 

UCG Brazil Companhia Auxiliar de Empresas Electricas Brasiteiras December 1988; page 4-25 
U.S. DOE 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Prolect
	 Soon so is	 Last AnDearancc in SPR 

Underground Coal Gasification, British Coal 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company 
Manna Project United Slates Department of Energy 

Underground Coal Gasification, Leigh Creek Government of South Australia 

Underground Coal Gasification Lawrence Livermore National Laboratory 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification LLNL Lawrence Livennore National Laboratory 
Studies 

Underground Coal Gasification Mitchell Energy

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 Iron Corn Project

September 1987; page 4-76 

June 1985; page 4-75 

September 1989; page 4-81 

December 1983; page 4-119 

December 1990; page 4-84 

March 1985; page 4-98 

December 1983; page 4-120 

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 

March 1992; page 4-78 

Republic of Texas Coal Company 

ARCO 

Amoco Production Company 

Groupe d'Etudes de Ia Gazeification Souterraine 
Charbonnages de France 
On de France 
Institut Francais du Petrole 

Basic Resources, Inc. 

Texas A & M University 

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 

Virginia Iron Industries Corp. 
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STATUS OF COAL PROJECTS 

COMPLETED AND SUSPENDED PROJECTS (Continued) 

Project 

Virginia Power Combined Cycle Project 

Watkins Project 

Westinghouse Advanced Coal 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification 

Wyoming Coal Conversion Project 

Zinc Halide Hydrocracking 
Process Development

Sponsors 

Consolidation Coal 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Cameron Engineers, Inc. 

KRW Energy Systems Inc. 

United Synfuels Inc 

WyCoalGas, Inc. (a Panhandle Eastern 
Company) 

Conoco Coal Development Company 
Shell Development Company

Last Appearance in SFR 

December 19&5; page 4-90 

March 1978; page B-fl 

September 1985; page 4-80 

September 1994; page C-36 

December 1982; page 4-112 

June 1981; page 4-86 
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INDEX OF COMPANY INTERESTS

Company or Organization Project Name 

ABB Carbon Ostrava District Heating Plant 4-73 

ACME Power Company ACME Coal Gasification Desulfurizing Process 4-52 

AECI Ltd. AECI Ammonia/Methanol Operations 4-52 
Coalpiex Project 4-58 

Air Products and Chemicals, Inc. Camden Clean Energy Project 4-56 
COREX-CPICOR Integrated Steel/Power Plant 4-59 
Laporte Alternative Fuels Development Program 4-69 
Liquid Phase Methanol Process Demonstration 4-69 

Alastair Gillespie & Associates Ltd. Scotia Synluels Project 4-78 

AMAX Mild Gasification of Western Coal Demonstration 4-70 

Amoco British Solvent Liquid Extraction Project 4-54 

Asian Development Bank Qingdao Gasification Project 4-76 

Bechtel Group IMHEX Molten Carbonate Fuel Cell Demonstration 4-66 

Beijing Research Institute of Coal Chemistry China Ash Agglomerating Gasifier Project 4-57 

BEWAG AG BEWAG GCC Project 4-53 

Bharat Heavy Electricals Ltd. BHEL 10CC and Coal Gasification Project 4-53 

BP United Kingdom, Ltd. Monash Hydroliquefaction Project 4-70 

British Coal Corporation Advanced Power Generation System 4-52 
CRE Spouted Bed Gasifier 4-59 

British Department of Energy British Coal Liquid Solvent Extraction Project 444 

British Gas Corporation MRS Coal Hydrogenator Process Project 4-71 
Slagging Gasifier Project 4-79 

Broken Hill Pty. Co. Ltd. Broken Hill Project 4-54 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-55 

Brown Coal Liquefaction Pty. Ltd. Victorian Brown Coal Liquefaction Project 4-83 

Calderon Energy Company Calderon Energy Gasification Project 4-55 

Camden Clean Energy Partners Ltd. Camden (lean Energy Project 4-56 

Canadian Energy Developments Frontier Energy Coprocessing Project 4-63 

Canadian Federal Government Western Canada IGCC Demonstration Plant 4-84 

Carbocol Colombia Gasification Project 4-58 

Carbon Fuels Corp. CharFuels Project 4-56 

Centerior Energy Corp. COREX-CPICOR Integrated Steel/Power Plant 4-59 

Central Research Institute of Electric Power CRIEPI Entrained Flow Gasifier 4-60 
Industry 

CharFuels of Wyoming CharFuels Project 4-56
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESI'S (Continued)

Company or Orsanizalion Project Name 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-70 
Corporation 

Coal Association of Canada Western Canada 10CC Demonstration Plant 4-84 

Coal Conversion Institute, Poland Polish Direct Liquefaction Process 4-74 

Coal Corporation of Victoria Monash Hydroliquefaction Project 4-70 

Coal Gasification, Inc. COCA-i Project 4-58 

Coal Technology Corporation Mild Gasification Process Demonstration Unit 4-70 

Combustion Engineering Lakeside Rcpowering Gasification Project 4-68 

Continental Energy Associates Humbolt Energy Center	 - 4-65 

Cordero Mining Company Cordero Coal Upgrading Demonstration Project 4-59 

CRS Sirtine PyGas Demonstration Project 4-75 

Dakota Gasification Company Great Plains Synfuels Plant 4-63 

Delmarva Power & Light Delaware Dean Energy Project 4-60 

Demkolec B.V. SEP 10CC Power Plant 4-78 

Destec Energy, Inc. Wabash River Coal Gasification Repowering Project 4-83 

DEVCO Scotia Coal Synfuels Project 4-78 

Duke Energy Corp. Camden Dean Energy Project 4-56 

EAB Energie-Anlagen Berlin 0mW-i BEWAG GCC Project 4-53 

Eastman Chemical Company Liquid Phase Methanol Process Demonstration 4-69 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-52 
Laporte Alternative Fuels Development Program 4-69 

ELCOGAS Puertollano IGCC Demonstration Plant 4-75 

Elsam Elsam Gasification Combined Cycle Project 4-62 

Encoal Corporation Encoal LFC Demonstration Plant 4-62 

ENDESA Puertollano IGCC Demonstration Plant 4-75 

Energie Verk Vartan District Heating Plant 4-82 

European Economic Community British Coal Liquid Solvent Extraction Project 4-54 

Exxon British Coal Liquid Solvent Extraction Project 4-54 

Fife Energy Ltd. Fife IGCC Power Station 4-62 

Fundacao de Ciencia e Technologia (CIENTEC) CIGAS Gasification Process Project 4-57 
CIVOGAS Atmospheric Gasification Pilot Plant 4-58 

GE Environmental SeMces, Inc. GE Hot Gas Desulfurization 4-63 

GEC/Alsthom Advanced Power Generation System 4-52

SYNTHETIC FUELS REPORT, JUNE 1994 
4-101 



STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS (Continued)

Company or Organization Project Name Lu! 

General Electric Company Camden Clean Energy Project 4-56 

German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-53 
Rheinbraun High-Temperature Winkler Project 4-80 

Gull Canada Products Company Scotia Coal Synfuels Project 4-78 

HOECHST AG Synthesegasanlage Ruth 4-80 

Institute of Gas Technology IGT Mild Gasification Project 4-66 
IMHEX Molten Carbonate Fuel Cell Demonstration 4-66 

lnterproject Service AB P-CIG Process 4-73 

ISCOR ISCOR Melter-Gasifier Process 4-67 

K-Fuel Partners K-Fuel Commercial Facility 4-67 

The M.W. Kellogg Company M.W. Kellogg Upgrading of Refinery Oil and Petroleum Coke Project 4-72 
Pinon Pine IGCC Powcrplant 4-73 
Pressurized Fluid Bed Combustion Advanced Concepts 4-74 

Kerr-McGee Coal Corporation IGT Mild Gasification Project 4-66 

Kilborn International Frontier Energy Coprocessing Project 4-63 

Knapp Koppers GmbH PRENFLO Gasification Pilot Plant 4-74 

Louisiana Gasification Technology, Inc. Destec Syngas Project 4-60 

LTV Steel Company Inc. COREX-CPICOR Integrated Steel/Power Plant 4-59 

Lurgi GmbH BEWAG GCC Project 4-53 
Rheinbraun High-Temperature Winkler Project 4-76 

M-C Power Corporation IMHEX Molten Carbonate Fuel Cell Demonstration 4-66 

Minister of Economics, Small Business and Bottrop Direct Coal Liquefaction Pilot Plant 4-53 
Technology of the State of North-Rhine, Synthesegasanlage Ruhr (SAR) 4-80 
Westphalia 

Mission Energy Delaware (lean Energy Project 4-60 

Monash University Monash Hydroliquefaction Project 4-70 

Morgantown Energy Technology Center GE Hot Gas Desulfurization 4-63 

New Energy and Industrial Technology CRIEPI Entrained Flow Gasifier Project 4-60 
Development Organization NEDO IGCC Demonstration Project 4-72 

Nedol Bituminous Coal Liquefaction Project 4-72 

Nippon Steel Corporation P-CIG Process 4-73 

Nokota Company Dunn Nokota Methanol Project 4-61 

NOVA Scotia Coal Synfuels Project 4-78 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4-78 

Osaka Gas Company MRS Coal Hydrogenator Process Project 4-71
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SFATUS OF COAL PROJECT'S 

INDEX OF COMPANY INTERESI'S (Continued)

Company or Organization Project Name 

Otto-Simon Carves CRE Spouted Bed Gasifier 4-59 

Pennsylvania Energy Development Authority 1-lumbolt Energy Center Project 4-65 

People's Republic of China Mongolian Energy Center 4-71 
Qingdao Gasification Plant 4-76 
Shanghai Chemicals from Coal Plant 4-79 
Shougang Coal Gasification Project 4-79 
Yunnan Province Coal Gasification Plant 4-86 

Perusahaan Umum Listrik Negara Gresik IGCC Plant 4-65 

Petro-Canada Scotia Coal Synfuels Project 4-78 

PowerGen Advanced Power Generation System 4-52 

PreussenElektra Lubeck IGCC Demonstration Plant 4-70 

PSI Energy Inc. Wabash River Coal Gasification Repowering Project 4-83 

Research Ass'n For Hydrogen From Coal Process Hycol Hydrogen From Coal Pilot Plant 4-65 
Development, Japan 

Rbeiniscbe Braunkohlwerke AG Itheinbraun High-Temperature Winkler Project 4-76 

Rosebud SynCoal Partnership Western Energy Advanced Coal Conversion Process Demonstration 4-84 

Ruhrkohle AG Bottrop Direct Coal Liquefaction Pilot Plant Project 4-53 
British Coal Liquid Solvent Extraction Project 4-54 
Synthesegasanlage Ruhr (SAR) 4-80 

Ruhrkohle Gel und Gas GmbH BEWAG GCC Project 4-53 

RWE Energie AG Koflra High-Temperature Winkler 10CC Demonstration Plant 4-68 

Sasol Limited Sasol 4-77 

SEP SEP IGCC Power Plant 4-78 

Shanghai Coking & Chemical Corporation Wujing Trigeneration Project 445 

Shell Buggenum 16CC Power Plant 4-55 

Sierra Pacific Power Company Pinon Pine IGCC Power Plant 4-73 

Southern Company Services, Inc. Wilsonville Power Systems Development Facility Project 4-85 

Star Enterprise Delaware Clean Energy Project 4-60 

Stewart and Stevenson Services Inc. IMUEX Molten Carbonate Fuel Cell Demonstration 4-66 

TAMCO Power Partners Tom's Creek IGCC Demonstration Project 4-82 

Tampella Power Tampella IGCC Process Demonstration 4-80 

TECO Power Services TECO IGCC Plant 4-30 

Tennessee Eastman Company Chemicals From Coal 4-57 
Liquid Phase Methanol Process Demonstration 4-69 

Texaco Inc. Delaware Clean Energy Project 4-60 
Texaco Montebello Research Laboratory Studies 4-81
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS (Continued)

Company or Organization Proiect Name 

Texaco Syngas Inc. Delaware Clean Energy Project 4-60 
Texaco Cool Water Project 4-81 

ThermoChem, Inc. ThermoChem Pulse Combustion Demonstration 4-81 

TAMCO Power Partners Tom's Creek 10CC Demonstration Plant 4-82 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-82 

Uhde Ginbll Rbeinbraun High-Temperature Winkler Project 4-76 

United Kingdom Department of Energy Advanced Power Generation System 4-52 

United States Department of Energy Brookhaven Mild Gasification of Coal 4-55 
Calderon Energy Gasification Project 4-55 
Encoal LFC Demonstration Plant 4-62 
Frontier Energy Coprocessing Project 4-63 
Lakeside Repowering Gasification Project 4-68 
Laporte Alternative Fuels Development Program 4-69 
Mild Gasification Process Demonstration Unit 4-70 
M.W. Kellogg Upgrading of Refinery Oil and Petroleum Coke Project 4-72 
Pinon Pine 10CC Power Plant 4-73 
PyGas Demonstration Project 4-75 
TECO IGCC Plant 4-80 
ThermoChem Pulse Combustion Demonstration 4-81 
Tom's Creek IGCC Demonstration Plant 4-82 
Western Energy Advanced Coal Conversion Process Demonstration 4-84 
Wilsonville Power Systems Development Facility Project 4-85 

University of North Dakota Energy and Pressurized fluidized Bed Combustion Advanced Concepts 4-74 
Environmental Research Center 

Veba Oel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-53 

Vereinigte Elektrizitatswerke Westfalen AG VEW Gasification Process 4-82 

Victoria, State Government of Victorian Brown Coal Liquefaction Project 4-83 

Voest-Alpine Industrieanlagenbau ISCOR Metter Gasifier Process 4-67 

Western Energy Company Western Energy Advanced Coal Conversion Process Demonstration 4-84 

Western Research Institute Mild Gasification of Western Coat Demonstration 4-70 

Weyerhauser ThennoChem Pulse Combustion Demonstration 4-81 

Wyoming Coal Refining Systems, Inc. CharFuel Project 4-56 

Yunnan Province, China Yunnan Lurgi Chemical Fertilizer Plant 4-86

SYNTHETIC FUELS REPORT, JUNE 1994 
4-104 



1^11 
lit -	 UWA



CORPORATIONS 

RENTECH TO BUILD GAS CONVERSION PLANT	 Rentech expects authorization to begin work on this 
IN CHINA	 contract by June. 

In April, Rentech, Inc., of Denver, Colorado, an-
nounced that its wholly-owned subsidiary Future Fuels 
Pty. Limited, Brisbane, Australia has signed a contract 
for $10.9 million to provide basic engineering design 
and equipment for a 545-barrel per day process plant 
using Rentech's proprietary technology as part of a 
new coal gasification project to be located near Yima 
City, Henan Province, The People's Republic of China. 

The required funding for this project has been ap-
proved and is being provided jointly by an Australian 
Government Mixed Credit Loan, the Henan Provincial 
Government and the Central Government of China.

The Henan Province Coal Gasification Project will con-
vert low-grade coal to town gas, a low-energy sub-
stitute for natural gas. The project (based on the Lurgi 
process) will provide town gas to the cities of Yima, 
Sanmenxia, Zhengzhou and Luoyang, providing energy 
for over 500,000 households. The project will also 
provide the necessary waste gas feedstock for the 545-
barrel per day Rentech gas conversion plant to 
produce clean-burning diesel fuel and industrial-grade 
waxes.
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ENERGY POLICY AND FORECASTS 

NATURAL GAS TO BE A GLOBAL COMPETITOR 	 low efficiencies and high returns for natural gas dis-
tributors. 

Recent developments in Europe serve as an example 
of the struggles over the character of energy markets, 
according to a presentation by H. Detharding, of Win-
tershall AG, at the Cambridge Energy Research As-
sociates Executive Conference 1994, held in Houston, 
Texas in February. That struggle pits fuel against fuel 
and monopolistic markets against competitive markets. 
Over the last 25 years, natural gas' share of Europe's 
primary energy markets has risen from 5 percent to 
18 percent. Major changes in coal, oil and nuclear 
power markets have facilitated this increase. Most of 
these driving forces will evolve in a way that will in-
crease natural gas use for the next 20 years. The en-
vironmental movement will also promote the use of 
natural gas. Last, natural gas is available in large quan-
tities and at competitive cost. Gas will probably satisfy 
25 percent of Europe's energy demand in 2010. 

The growth in natural gas markets was achieved in the 
virtual absence of political debate, according to 
Detharding. That lack of debate produced a cor-
responding absence of public awareness, and gas mo-
nopolies worked under the umbrella of government 
protection to avoid gas-on-gas competition. This situa-
tion allowed natural gas distributors to repay their 
shareholder's equity every 4 years. It also resulted in

Four driving forces will promote a change in this situa-
tion. First, the natural gas and power industries 
throughout the European Union are being subjected to 
greater scrutiny. The Union recommends greater 
liberalization. Second, privatization of state-owned gas 
and power industries is being promoted throughout 
Europe. This will reduce political influence in the in-
dustry. Third, anti-trust efforts are gaining strength. 
Fourth, prevailing attitudes are changing. The striking 
changes in Eastern and Central Europe also exert anti-
monopoly pressure on European natural gas markets. 

The natural gas markets of the future will provide con-
sumers with a greater ability to choose their suppliers 
and to choose the terms and conditions of the con-
tracts. This change will not, however, be fully imple-
mented before the turn of the century, predicts 
Detharding. Meanwhile, a few newcomers will 
manage to overcome the barriers to entry. The gas 
markets of the future will also involve higher prices. 
Border prices for producers will rise as the distance to 
the producing fields increases. Recognition of natural 
gas' environmental benefits will also increase gas 
prices.
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ECONOMICS 

PLASMA QUENCH APPEARS TO BE 
COMPETITIVE WITH OTHER GAS CONVERSION 
PROCESSES 

During the last decade, most of the major oil com-
panies have conducted internal studies on "remote gas" 
in efforts to capitalize on the large quantities of natural 
gas known to exist in various parts of the world. Such 
studies have typically been addressed at gas resources 
which are located too far away from population centers 
and end-use markets for conventional use, and cannot 
be economically liquefied for liquid natural gas car-
riers. 

The Huels Company in Germany has been using a 
plasma arc process to make light unsaturated hydrocar-
bons (acetylene and ethylene) from natural gas since 
the 1930s. These light hydrocarbons are subsequently 
converted to synthetic rubber and liquid hydrocarbons. 
The }luels process for arc plasma conversion of 
natural gas to acetylene requires quenching of the 
products by injection of cold liquefied hydrocarbons to 
prevent back reactions as the plasma is cooled. 
Quenching by this method is energy intensive and inef-
ficient, and the yield of the light olefin products is rela-
tively low. The single-pass yield of acetylene is less 
than 40 percent for the Huels process. Overall process 
yields are increased to 65 percent by recycling all of 
the hydrocarbons except acetylene and ethylene. 

This process is being studied at the Idaho National 
Engineering Laboratory (INEL), as reported by 
C. Thomas, et al., in a paper presented at the Fuels 
Technology Contractors Review Meeting, held at the 
United States Department of Energy Morgantown 
Energy Technology Center, Morgantown, West Vir-
ginia in November. 

Research during Fiscal Year (FY) 1991 demonstrated 
yields of acetylene as high as 70 percent. Further ex-
periments during FY 1992 resulted in a higher yield 
(85 percent) of acetylene. With application of catalysts 
downstream of the quench reactor, gaseous products 
can be converted to higher molecular weight fractions 
such as liquid hydrocarbons. Optimization of the 
Plasma Fast Quench Reactor (PFQR) and the 
catalytic upgrading of acetylene could result in the 
development of a competitive process for the produc-
tion of liquid hydrocarbons from natural gas.

The PFQR technology overcomes the limitations of 
other pyrolysis processes by adiabatic isentropic expan-
sion of gases through a nozzle. Thermochemical 
modeling studies of the conversion of methane to 
acetylene were conducted to determine the equi-
librium concentrations of acetylene and other reaction 
products between 500 and 3,00011 As expected, these 
studies determined that acetylene is a metastable com-
pound that will decompose to carbon and other 
hydrocarbons if it is allowed to reach equilibrium at 
elevated temperatures (>800 K). The basic concept of 
the PFQR is that it will maximize the acetylene yield 
by "freezing" the product out of the reaction zone with 
extremely rapid decrease in temperature and pressure. 

Methane to Gasoline 

In this analysis, an alternate route using acetylene from 
methane pyrolysis was considered. It has been 
demonstrated that acetylene can be produced from 
methane in high yields by high-temperature, short-
residence time pyrolysis. Free energy favors the forma-
don of acetylene at high temperatures. Methane 
pyrolysis has been practiced in the past with varying 
degrees of success. The major drawback is the in-
ability to raise the temperature of the feed natural gas 
rapidly and to quench the products to a non-reacting 
mixture in less than half of the reaction time. 

To avoid the formation of non-selective byproducts via 
secondary reactions, the products must be quenched 
rapidly. Historically, direct quench and direct reac-
tivity quench using liquefied petroleum gas pyrolysis 
have been studied in this regard. Recently, the 
aerodynamic quench using a converging/diverging 
nozzle has been demonstrated by INEL to provide 
quenching in under 2 milliseconds. Acetylene yields 
have exceeded 90 percent. After the reaction and 
quench, acetylene is hydrogenated selectively to 
ethylene. Subsequently, ethylene is oligomerized to 
gasoline. 

Based on this technology and "conventional" hydrogena-
tion and oligomerization catalysts, an economic evalua-
tion was performed. Given the current state of process 
development, the INEL technology is clearly the low 
raw material cost and the low capital cost option rela-
tive to ACC (oxidative coupling of methane by the 
ARCO Chemical Company process) and Mobil (the 
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Mobil methanol-to-gasoline process), according to the 
authors. The estimated capital cost is about 80 percent 
of the nearest competitor, ACC. The leveraging 
economic variable for the INEL reactor, however, is 
the amount of power consumed in the pyrolysis reactor 
and the cost of that power. In the INEL case, the 
power contribution to required netback can be 
50 percent, easily the largest contributor and over 
twice the contribution of the cost of the natural gas 
feed. 

The overall economics for the instantaneous 
construction/operation case indicate that the ACC 
Redox case is the most attractive for the conversion of 
natural gas to gasoline. Assuming a $0.045 per 
kilowatt-hour power cost and a consumption of 
3.6 kilowatt-hours per pound gasoline for the INEL 
case, the required netback is 30 percent greater than 
the ACC Redox case. With lower-cost power, less 
than than $0.03 per kilowatt-hour, INEL technology 
becomes the most attractive of the conversion tech-
nologies. 

However, the current and forecasted economic situa-
tion does not favor using natural gas conversion to 
make gasoline in any of the processes. Historical data 
indicate that the refinery gate price of gasoline reaches 
about $1 per gallon only when crude rises to $35 per 
barrel. Currently, gasoline and crude oil are much 
lower, about 60 percent of these figures. As a target, 
natural gas would have to be free,, when crude is 
$35 per barrel in order for the ACC case at 
12,500 barrels per stream day to approach a 12 percent 
After Tax Return On Investment (ATROI). There are 
significant economies of scale that tend to improve the 
economics substantially, when dealing with large gas 
fields. The North Slope of Alaska has a gas supply 
that would require up to 20 plants of the size evaluated 
in this report. With these volumes, the ACC technol-
ogy attains a 12 percent ATROI when the natural gas 
price is a maximum of $1 per thousand standard cubic 
feet at $35 per barrel crude oil. 

With $35 per barrel crude and a 2-billion cubic foot 
per day field, the INEL technology shows brealceven 
economics (12 percent ATROI), at a gas price of 
$1 per thousand standard cubic feet, a power cost of 
$0.025 per kilowatt-hour and a consumption of 
2.5 kilowatt-hours per pound gasoline. If crude oil 
prices remain flat on average, as in the 1980s, then the 
target numbers get more severe.

Conclusions 

The major conclusion of this analysis is that the INEL 
technology could be competitive with existing natural 
gas conversion technologies given the proper power 
consumption and pricing. However, none of the tech-
nologies will be economical if the predicted long-term 
crude pricing is correct. The INEL technology does 
have the advantage of providing high yields of valuable 
chemicals (ethylene and acetylene) at low cost. 
Downgrading these to gasoline value, although taking 
advantage of the market demand, reduces the product 
value significantly and the margins are insufficient to 
carry the project. 

Future Work 

Future activities will focus on technical development of 
theplasma quench process and pilot demonstration of 
this process within 3 to 5 years. A combination of em-
pirical development, advanced spectroscopic diagnos-
tics, modeling, and catalyst applications will be used to 
gain understanding of the process and lay the 
groundwork for a process to convert natural gas to 
high-value liquid hydrocarbons. 

A combination of empirical development, advanced 
spectroscopic diagnostics, modeling, and catalyst ap-
plications will be used to gain understanding of the 
process and lay the groundwork for an economic 
process to convert natural gas to high-valued liquid 
hydrocarbons. 

SASOL ADVANCES MAKE F-T LIQUIDS FROM 
GAS POSSIBLE AT $30,000 PER DAILY BARREL 

Sasol produces about 45 percent of the motor fuel con-
sumed in South Africa, 30 percent of the total being 
produced from coal and the other 15 percent through 
its share of the Natref crude oil refinery. Sasol is the 
only producer of ethylene and the major producer of 
propylene and propylene-based petrochemicals. 

Sasol uses the Fischer-Tropsch (F-T) process, as dis-
cussed in a paper by J. Marriott and A. Geertsema, 
presented at Alternate Energy '94, held in La Ouinta, 
California in April. 
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Fischer-Tropsch technology can be split up into two 
basic categories. High-Temperature F-T (HTFT), 
which generally operates above 300°C, produces 
predominately light olefins and gasoline and is most ef-
fectively carried out in fluidized-bed reactors. In con-
trast, Low-Temperature F-T (LTFT), in which the 
reactions take place below 250°C, produces heavier 
products in the middle distillate and wax range and a 
high-quality diesel product. 

High-Temperature Fischer-Tropsch 

The HTFT process, Synthol, is a fluidized-bed process 
suited for large-scale operation. 

The advantages of an Advanced Synthol reactor design 
include the following: 

- More catalyst is in contact with gas, leading to 
higher reactor capacities and conversions. 

- The simple construction removes the limits on 
reactor diameter and reactor pressure and 
therefore allows further scaleup. 

- Significant improvements in train availability 
and operating stability, and decreases in main-
tenance costs due to the elimination of the 
catalyst circulation system, have been ob-
tained. 

- Large improvements in energy efficiency are 
achievable through greater heat recovery, 
lower circulation requirements and greater 
train capacity. 

Low-Temperature Fisher-Tropsch 

Sasol has operated a LTFT process using tubular reac-
tors for nearly 40 years. The advantages of the low-
temperature Tubular Fixed-Bed Reactor (TFBR) are 
primarily the following: 

- High useful product selectivities 
- High-quality distillate fuels 
- High chemical values for wax products 
- Simplicity of design and low scaleup risk 

Sasol added to its TFBR plant in 1985 with the success-
ful commissioning of a high-pressure version.

The tubular reactor has a number of major disad-
vantages, the most significant of which is the difficulty 
and cost of scaleup to a reasonable commercial scale. 

The TFBR also suffers from a number of fundamental 
problems concerning control of temperature profiles, 
variability of product selectivities and design problems 
concerning high-pressure drops. A slurry bed reactor 
had the potential to eliminate many of these dif-
ficulties. By 1990, sufficient progress had been made 
in solving the design challenges involved in slurry bed 
technology that a decision could be taken to proceed to 
a semicommercial scale reactor. 

By the middle of 1991, Sasol had operated a slurry reac-
tor on a semicommercial scale and had confirmed that 
the fundamental issues could be resolved. 

Then the Sasol Slurry Bed Process (SSBP) was imple-
mented as part of the overall Sasol One Renovation 
Project. 

The SSBP reactor was commissioned in May 1993. Ini-
tial operation quickly showed that all the design objec-
tives had been achieved. 

Chemicals From Coal and Gas 

Only in the last 3 years did chemicals production be-
come a major focus of Sasol. Value-added chemical 
coproducts and derivatives can be split into the follow-
ing categories: 

Coal Gasification Coproducts 
- Ammonia, ammonia fertilizers, mining ex-

plosives 

- Sulfur 

- Phenols, cresols, xylenols 

- Aromatic solvents 

Synthol Coproducts 
- Ethylene 
- Propylene 
- Higher olefins 
- Polymers, acrylonitrile 

LTFF Coproducts 
- Waxes 
- Paraffinic solvents 
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F-T Coproducts 
- Alcohols 
- Ketones 
- Solvent blends 

The Sasol plants currently produce approximately 
55 million tons of products annually. Roughly 
13 million tons of this quantity are petrochemicals, up 
from about 700,000 tons a few years ago. According to 
the authors, with present expansion plans and 
proposed technology, the chemical output should climb 
a further 600,000 tons in the next few years. Using 
these figures and the simplistic model that puts fuel 
value at $200 per ton and chemicals at twice this figure, 
one can calculate that the turnover of Sasol will have 
climbed by nearly 25 percent in a short period and that 
the cost of production will not have been altered sig-
nificantly. 

Future Fischer-Tropscb Plants 

For coal-based synfuel plants, the investments required 
are so large that oil prices several multiples of the 
present price will be required before any significant in-
vestment will proceed, say Marriott and Geertsema. 
However, the situation is different for gas-based syn-
fuel plants. 

Three factors affect the economics of gas-based plants. 
First, the ready availability of large quantities of 
natural gas in many remote parts of the globe that

have few alternative uses is creating a low-priced 
resource. Second, improvements in technology are 
reducing the costs of synfuels. Third, the opportunities 
created by chemical coproduct production are also as-
sisting project economies. While it is unlikely that new 
synfuel facilities will be built in the United States or 
even South Africa in the foreseeable future, the situa-
tion in the gas-rich, developing world may be different. 

The capital cost of synfuel plants has previously been 
estimated at $75,000 to $90,000 per barrel per day. 
However, there are a number of ways that the capital 
cost of a plant can be reduced. Based on a light olefm 
and syncrude plant using Sasol Advanced Synthol tech-
nology, Sasol evaluated the effects of the following 
changes on overall plant cost: 

- Simplifying product workup schemes 
- Minimizing products 
- Utilizing Advanced Synthol technology 
- Adapting design for minimum capital 
- Simplifying reformer schemes 
- Unit integration 
- Minimizing infrastructure 

The results indicate that it is possible to reduce overall 
plant costs to values close to $30,000 per barrel per 
day, or about one-third of the previous estimates. Fur-
ther reductions are fossible. 
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The recent literature on the direct conversion of 
methane to oxygenates and higher hydrocarbons is 
reviewed in an article by N. Parkyns, et al., of British 
Gas plc. and the Gas Research Centre, published in 
Catalysis Today. Volume 18 (1993). Particular atten-
tion is given to the production of methanol and ethene. 
The advances made in these areas over the last 
10 years or so are highlighted, and the current commer-
cial viability of these processes is assessed from the 
perspective of existing commercial processes. 

The following processes were reviewed: 

Conversion of natural gas to oxygenates 
Oxidation to formaldehyde 
Direct oxidation to oxygenates 

Pyrolytic processes 
Oxidative coupling 

The review indicates that despite the effort that has 
gone into developing a process based on the oxidative 
coupling of methane, low world oil prices are dis-
couraging to the prosecution of any more than process 
studies. The authors suggested that the greatest mar-
gin between possible market price of product and cost 
of natural gas lies in the production of ethene. 
However, considerable gaps remain between results 
obtained on a small laboratory scale and the data 
needed to construct and control even a modest-sized 
pilot plant, and the reactor engineering of such a 
process remains a subject for research. 

The conversion of methane directly to methanol on a 
commercial scale remains just out of reach, although a 
10,000-tonne per year plant based on the 
homogeneous gas phase route is being built in the Rus-
sian Federation. 

However, the homogeneous route will have inherent 
limitations due to the radical reactions leading also to 
CO. CO2 and H20 as well as to methanol. As better 
data from combustion research become available for 
the elementary steps that make up the global reaction, 
these limitations will become increasingly better 
defined. Use of a catalyst may, in principle, make it 
possible to avoid some of these destructive reactions

by enabling the global reaction to proceed in a regime, 
e.g., at lower temperature, where their kinetics are suf-
ficiently slow to be negligible. 

It is dear that processes based on direct methane con-
version are not yet ready to challenge the existing 
syngas-based production of liquid fuels and chemicals, 
especially methanol. This is partially attributable to 
improvements introduced into the existing processes, 
and partially to the continuing low price of world 
petroleum. In cases where the product has a high 
added value, such as ethene, oxidative coupling may be 
developed. 

According to Parkyns, et al., oxidative coupling is by 
far the most advanced alternative process of those in-
vestigated. No breakthrough in new catalysts is 
needed: The best formulations have demonstrated, at 
least at atmospheric pressure, adequate selectivity and 
conversion per pass to be the basis of detailed process 
studies. 

One area where work is being carried out that may 
have an impact on the process economics of oxidative 
coupling, is that of gas separation. Some of the rather 
unrealistic conversion and selectivity duties demanded 
of catalysts arose from process studies where the high 
cost of gas separation was identified. This can only be 
minimized at the expense of very high conversions in 
the reactor at very high selectivity. 

Promise of the homogeneous route for production of 
oxygenates from methane seems not to have been ful-
filled, although some results give some encouragement 
that a realistic catalytic process is within reach. 

Parkyns, et al., conclude that the problem of direct con-
version of methane has not yet been solved. Some 
areas that are more promising than others from a com-
mercial point of view have been identified but still re-
quire further work on the process engineering to 
enable them to be exploited. New discoveries on the 
chemistry of methane are still appearing, and these 
may perhaps lead to the goal of high yields and selec-
tivities so necessary in this field.



WATER INJECTION IMPROVES ACTIVITY AND 
YIELD OF OXIDATIVE COUPLING CATALYST 

The effects of water treatment on the oxidative cou-
pling of methane over a Li/MgO catalyst were studied 
at the University of Oklahoma. The results of these 
investigations were reported by S. Al-Zahrani and 
L. Lobban in a paper presented at the Symposium on 
Methane and Alkane Conversion Chemistry, held in 
San Diego, California in March. 

A conventional fixed-bed flow-type reaction system 
was used. The water treatment experiments were 
carried out by injecting deionized liquid water directly 
to the catalyst bed under reaction conditions by using a 
syringe pump. The measured temperature (outside 
the reactor wall) dropped to approximately 673 K and 
returned back to reaction temperature within 1 to 
2 minutes. A water condenser was maintained at 
253 K to remove II20 from the reactor effluent. The 
liquid injection process took about 3 to 5 minutes until 
all of the water had been condensed in the water con-
denser. 

One Water Treatment 

One gram of pretreated 7 percent Li/MgO catalyst 
was tested at 1,023 K with methane and oxygen. The 
methane and oxygen conversions were nearly constant 
for a period of approximately 24 hours before the injec-
tion. Deionized liquid water (30 milliliters) at room 
temperature was then injected into the reaction sys-
tem. Methane and oxygen conversions jumped initially 
to high values, followed by first a rapid then a gradual 
drop which leveled off to nearly constant values in 
15 hours. The C2 selectivity showed an initial drop, fol-
lowed by recovery to a constant value slightly less than 
that prior to treatment. The activity and selectivity of 
the catalyst before and after the injection are shown in 
Figure 1. 

The results suggest that the activity of the catalyst was 
significantly enhanced by direct water treatment under 
reaction conditions. Methane conversion was more 
than doubled with almost no loss in C 2 selectivity. 
Among the products produced by the reaction, 
ethylene was affected the most by the water treatment 
compared to the other products. The amount of 
ethylene produced after the water treatment was ap-
proximately S times as much as before the treatment, 
while other production rates were approximately 
doubled.

FIGURE 1 
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Two Water Treatments 

Two other experiments were carried out under the 
identical conditions of the above experiments. In the 
first experiment, the catalyst bed was treated twice 
with 30 milliliters of water each time. In the second 
experiment, the bed was treated twice with 
15 milliliters. 

In both experiments, the methane and oxygen conver-
sions jumped immediately after each treatment. In 
each experiment, the carbon monoxide appeared in the 
effluent gas stream only after the second water treat-
ment. Following the second treatment, the effluent 
CO concentration gradually increased to a constant 
value. 

In the first experiment (two treatments with 
30 milliliters water), the methane conversion increased 
following the first treatment but was unaffected by the 
second treatment. The oxygen conversion after the 
second water treatment was slightly higher than that 
after the first water treatment. The C 2 selectivity 
decreased slightly following the first water treatment, 
and decreased significantly following the second treat-
ment. However, the C2 yield was 2.64 percent before 
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the first treatment and became 4.5 percent after the 
second water treatment. The cause of the selectivity 
drop following the second water treatment is believed 
to be further oxidation of C2 to produce carbon 
monoxide, which was observed only after the second 
water treatment. 

In the second experiment, the final methane conver-
sion after the second treatment was 95.8 percent 
higher than the initial value (prior to any water 
treatment). The final C2 selectivity for the second ex-
periment was greater than the final C2 selectivity in the 
first experiment due probably to less C. oxidation to 
CO. 

Multiple Water Treatments 

Under the same operating conditions, the catalyst was 
subjected to three consecutive water treatments of 
5 milliliters each. The methane conversion after the 
third water treatment was increased by 123.3 percent 
above the conversion prior to any water treatment, 
while the C2 selectivity was relatively unchanged. The 
C2 yield was 3.03 percent before and 634 percent after 
the water treatment. Experimental results are shown 
in Figure 2. 

The results of this experiment show that injection of 
multiple small amounts of liquid water gives better 
results for methane conversion and C 2 selectivity than 
injection of a single large amount. Carbon monoxide 
started to appear after the second water treatment in 
all cases, but it is less in amount in the case of the 
5-milliliter treatment than the other treatments. The 
water treatments of 30 and 15 milliliters yield larger 
transient peaks of methane and oxygen conversion 
than did the 5-milliliter treatment. Following the 
peaks, the decline in methane and oxygen conversions 
to the new steady state took a longer time following 
the 30- and 15-milliliter treatments than following the 
5-milliliter treatment.

FIGURE 2 
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Further experiments indicated that the enhanced 
catalytic activity is not due solely to surface area in-
crease. 

The authors speculated that when the liquid water is 
introduced to the catalyst bed under reaction condi-
tions, the active sites Li + 0- abstract a hydrogen atom 
from the water to produce Li+OH-, which contributes 
to the generation of more active sites. 

After the formation of Li + OH-, oxygen vacancies are 
formed. The surface reoxidation of Li/MgC) occurs by 
oxygen filling the vacancies. 
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the first treatment and became 45 percent after the 
second water treatment. The cause of the selectivity 
drop following the second water treatment is believed 
to be further oxidation of C2 to produce carbon 
monoxide, which was observed only after the second 
water treatment. 

In the second experiment, the final methane conver-
sion after the second treatment was 95.8 percent 
higher than the initial value (prior to any water 
treatment). The final C2 selectivity for the second ex-
periment was greater than the final C2 selectivity in the 
first experiment due probably to less C 2 oxidation to 
Co. 

Multiple Water Treatments 

Under the same operating conditions, the catalyst was 
subjected to three consecutive water treatments of 
5 milliliters each. The methane conversion after the 
third water treatment was increased by 123.3 percent 
above the conversion prior to any water treatment, 
while the C2 selectivity was relatively unchanged. The 
C2 yield was 3.03 percent before and 634 percent after 
the water treatment. Experimental results are shown 
in Figure 2. 

The results of this experiment show that injection of 
multiple small amounts of liquid water gives better 
results for methane conversion and C2 selectivity than 
injection of a single large amount. Carbon monoxide 
started to appear after the second water treatment in 
all cases, but it is less in amount in the case of the 
5-milliliter treatment than the other treatments. The 
water treatments of 30 and 15 milliliters yield larger 
transient peaks of methane and oxygen conversion 
than did the 5-milliliter treatment. Following the 
peaks, the decline in methane and oxygen conversions 
to the new steady state took a longer time following 
the 30- and 15-milliliter treatments than following the 
5-milliliter treatment.

FIGURE 2 
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Further experiments indicated that the enhanced 
catalytic activity is not due solely to surface area in-
crease. 

The authors speculated that when the liquid water is 
introduced to the catalyst bed under reaction condi-
tions, the active sites U + 0- abstract a hydrogen atom 
from the water to produce U + OH-, which contributes 
to the generation of more active sites. 

After the formation of Li + OH-, oxygen vacancies are 
formed. The surface reoxidation of Li/MgO occurs by 
oxygen filling the vacancies. 
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STATUS OF NATURAL GAS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1994) 

FUELCO SYN1IYTECH PLANT - Fuel Resources Development Company (0-10) 

Fuel Resources Development Company (FuelCo) held ground breaking ceremonies in May 1990 for their Synhytech Plant at the 
Pueblo, Colorado landfill. The Synhytech Plant, short for synthetic hydrocarbon technology, will convert the landfills' methane and 
carbon dioxide gas into clean burning diesel Fuel as well as naphtha and a high grade industrial wax. 

The technology is said to be the world's first to convert landfill gases into diesel motor fuel. It was developed by FuelCo, a wholly 
owned subsidiary of Public Service Company of Colorado, and Rentech Inc. of Denver, Colorado. Fuelco is planning to invest up 
to $16 million in the project with Rentech having the option to purchase 15 percent of the plant. Ultrasystems Engineers and Con-
structors is designing and building the project. 

The plant is expected to produce 100 barrels of diesel, plus 50 barrels of naphtha and 80 barrels of high grade wax per day. It is es-
timated that the Pueblo site will sustain a 235 barrel per day production rate for about 20 years. FuelCo estimates that diesel fuel 
can be produced for about $18 per barrel. 

The process takes the landfill gas—which is about 52 percent methane and 40 percent carbon dioxide—breaks it down and passes it 
through an iron-based slurry-phase catalyst, and extracts diesel fuel, naphtha and wax. 

According to vehicle test results at high altitude, the Synhytech diesel was 35 percent lower in particulate emissions and produced 
53 percent fewer hydrocarbons and 41 percent less carbon monoxide in the vehicle exhaust. It contains no sulfur and only low 
levels of aromatics, and no engine modifications are required. Plant construction was complete in December 1991 and the first 
crude product was produced in January 1992. 

In early 1993 Public Service Company of Colorado sold its Fuel Resources Development Company subsidiary, along with the 
Synhytech pilot plant to Rentech. 

In early 1994. Rentech announced plans to build a MS barrel per day plant at a new coal easification plant to be built near Yima 
City. Henan Province. China 

Project Cat:	 $16 million 

MOSSGAS SYNFUELS PLANT - South African Central Energy Fund (10 percent), Engen Ltd. (30 percent optional) (0-20) 

In 1988 the South African government approved a plan for a synthetic fuels from offshore natural gas plant to be located near the 
town of Mossel Bay off the southeast coast. Gas for the synthesis plant will be taken from an offshore platform which was com-
pleted in 1991. The SASOL Synthol technology was selected for the project. 

Construction of the onshore plant was completed in mid-1992. Commercial production was achieved in January 1993 at 80 percent 
of design capacity. 

The breakeven point for the project will be reached with crude oil prices of $35 per barrel. Engen is the project manager and will 
be the operator of the facility. The project was financed 80 percent by the Central Energy Fund and 20 percent by commercial 
loans. 

Based on the original design, the Moesgas complex was to produce only automotive fuels and the license from Sasol for the syn-
thesis units reads accordingiy. Chemicals such as aldehydes and ketones are hydrogenated to alcohol and the entire alcohol 
production, with the exception of the heavy alcohols, was to be blended into gasoline. In 1993 automotive fuels are not the most 
valuable products. Mossgas has been investigating the scope for increased production and opportunities to produce value added 
products. 

Increasing the syngas production capacity is also being investigated, because the synthesis units have considerable spare capacity 
and only an additional reforming train will be required. In addition, the refinery gas condensate processing capacity could be in-
creased significantly for a relatively minor investment. 

Gas reserves, located in 350 feet of water, 55 miles off the Southeast coast of South Africa, are sufficient to operate the synthesis 
facility for 30 years at design rate. 

Gas and condensate arrive onshore in separate pipelines. In the Natural Gas Liquid Recovery plant any hydrocarbons heavier than 
propane are removed from the gas stream yielding lean natural gas. The lean gas is fed to a two-stage methane reforming plant. 
The first stage consists of a tubular reforming plant which is followed by a secondary partial oxidation plant. The capacity of the 
three-train reforming plant would be sufficient for the production of 7,000 tons per day of methanol. 
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STATUS OF NATURAL GAS PROJECTS (Underline denotes changes since March 1994) 

COMMERCIAL PROJECTS (Continued) 

Using an iron-based catalyst, the synthesis gas from the natural gas reforming plant is catalytically converted to predominantly light 
olefinic hydrocarbons. The tailgas from Symbol is sent to the Tailgas Treatment plant when products (propylene, butylene and 
C5 + condensate) are cryogenically removed before the gas is recycled back to a natural gas reforming plant. Hydrocarbons from
ynthol are refined by conventional methods to produce the final fuels. 

Final Project Cost: 	 Onshore and offshore $3.15 billion 
Commissioning Cats $0.47 billion 
Synthesis Complex	 $0.60 billion 
Refinery	 $0.45 billion 
Offsites and Utilities 	 $0.86 billion 

NEW ZEALAND SYNFUELS PLAN!' - Methanes New Zealand Limited (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 M'FG waste water plant have improved efficiency considerably. In 1990 the plant produced about 12,000 barrels 
of gasoline per day. This is about 34 percent of New Zealand's gasoline needs. 

The plant is located on the west coast of New Zealand's North Island in Taranaki. it is supplied by the offshore Maui and Kapuni 
gas fields. The synthetic gasoline produced at the plant is blended at the Marsden Point refinery in Whangarei. The plant is a toll- 
ing operation, processing natural gas owned by the government into gasoline for a fee. Synfuels, thus does not own the refined 
product. 

Synfuel was owned 75 percent by the New Zealand government and 25 percent by Mobil Oil of New Zealand Ltd. However, the 
Petroleum Corporation of New Zealand (Petrocorp) entered an agreement with the New Zealand government to assume its 
75 percent interest in the corporation. The New Zealand government had been carrying a debt of approximately $700 million on 
the plant up to that point. Petrocorp is owned by Fletcher Challenge, Ltd. 

Since the change in ownership, a pipeline has been built between the Synfuel plant and the Petralgas methanol plant in the Waitara 
Valley. This addition means that, when the price of distilled methanol is high, a percentage of Synfuel crude methanol can be sent 
via the pipeline to Petnlgas for distillation. When the price of gasoline is high, Petralgas methanol can be sent via the pipeline to 
Synfuel and be converted into gasoline. 

The synfuel plant produced a record 562,000 tonnes of gasoline in the first 6 months of 1991. A percentage of crude methanol was 
pipelined to Fletcher's Petralgas plant to produce 186,000 tonnes of chemical grade methanol. 

The plant was designed to produce 4,400 tonnes of methanol per day. Due to plant modifications, Synfuel is capable of producing 
5,000 tonnes of crude methanol per day. Equally, the plant was designed to produce 570,000 tonnes of gasoline per year. Synfuel 
can produce over 630,000 tonnes of gasoline, or 34 percent of New Zealand's gasoline needs. 

In February 1993, Methanes Corporation of Canada said it would buy the methanol assets from Fletcher Challenge Ltd., in a trans-
action with an indicated value of US$730 million. 

Fletcher Challenge would receive $250 million in each and about 74 million common shares of Methanes in the proposed deal. The 
transaction would make Methanes the world's largest producer and marketer of methanol, and would make Fletcher Challenge the 
largest shareholder in the petrochemicals concern. 

Following completion of the asset purchase and a share issue, Fletcher Challenge would hold about 43 percent of Methanes's 
shares. The stake held by current leading shareholder Metallgesellschaft would fall to about 10 percent from its current 32 percent. 

Fletcher Challenge, which owns the Cape Horn methanol plant in Chile, is the world's largest methanol producer, just ahead of 
Saudi Arabian Basic Industries Corporation.
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STATUS OF NATURAL GAS PROJECTS (Underline denotes changes since March 1994) 

COMMERCIAL PROJECTS (Continued) 

SlIELL MALAYSIA MIDDLE DISTILLATES SYNTHESIS PLANT - Shell MDS (60 percent), Mitsubishi (20 percent), Petronas 
(10 percent), Sarawak State Government (C-SO) 

The world's first commercial plant to produce middle distillates From natural gas in Malaysia, started up in April 1993. The $660 
million unit is built next to the Bintulu LNG plant in the state of Sarawak. The plant will produce approximately 500,000 metric 
tons of products per year from 100 million cubic feet per day of natural gas feedstock. Dail y output is approximately 12,500 barrels 
per day. 

The operator for the project is Shell MDS. The Shell middle distillates synthesis process (SMDS) is based on modernized 
Fischer-Tropsch technology which reacts an intermediate 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 paraffins and waxes, can be varied to match market demand. Shell will use its 
own gasification technology to produce the synthesis gas. The plant has 6 easifier trains and 2 synthesis reactors. 

In 1994, due to low prices for distillate fuels. Shell has shifted production toward hicher'valued wax products. 

Project Cost:	 $660 million
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