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GENERAL

PROJECT ACTIVITIES

VARNAMO RUNNING ON VARIETY OF

FUELS

Sydkraft AB has built the world's first complete

Integrated Gasification Combined-Cycle (IGCC)
powerplant which utilizes wood as fuel. The

plant is located in VSmamo, Sweden, and is

aimed at demonstrating the complete integration
of a gasification plant and a combined-cycle

plant, fueled by biomass. The basic idea is to

demonstrate the technology rather than to run a

fully optimized plant. The plant is now ap

proaching the end of the demonstration phase

and has been successfully operated with full

integration. K. St^hl, of Sydkraft AB, et al.

summarized the plant's progress at the

1999 Gasification Technologies Conference

held in San Francisco, California, in October.

The plant at Varnamo produces about

6 megawatts-electric electricity to the grid, as

well as 9 megawatts-thermal heat to the district

heating system in the City of VSmamo, from a

total fuel input equivalent to 18 megawatts.

The startup phase was completed during

spring 1996 and the plant is now available for

research and development work. A demonstra

tion program was launched in 1996, which will

continue until June 2000. Specific areas of in

terest include environmental issues, fuel flexi

bility and production costs in future facilities, in

addition to the technical development and im

provements ofthe plant.

The accumulated operating experience amounts

to about 8,500 hours of gasification runs and

about 3,500 hours of operation as a fully inte

grated plant as of August 1999. The test runs

have so far been successful and the plant has

been operated on different wood fuels as well as

on mixes of straw and wood. Tests of Refuse-

Derived Fuels (RDF) were planned for

fall 1999.

The Process

A simplified process diagram and a cross sec

tion of the gasification plant are shown in Fig

ure 1.

The normal wood fuel is dried in a separate fuel

preparation plant, using a flue gas dryer, to a

moisture content of 5 to 20 percent.

The dried and crushed wood fuel is pressurized

in a lockhopper system and is fed by screw

feeders into the gasifier a few meters above the

bottom. The operating temperature of the gasi

fier is 950 to 1,000C and the pressure is ap

proximately 18 bar. The gasifier is an air-blown

circulating fluidized-bed type. The fuel is dried,

gasified and pyrolyzed immediately on entering

the gasifier. The gas transports the bed mate

rial and the remaining char toward the cyclone,

where most of the solids are separated from the

gas and are returned to the bottom of the gasi

fier. The recirculated solids contain some char

which is burned in the bottom zone where air is

introduced into the gasifier. The combustion

maintains the required temperature in the gasi

fier.

After the cyclone, the gas produced flows to a

gas cooler, which cools the gas to a temperature

of 350 to 400C, and then the gas enters the

candle filter vessel where the particulate clean

up occurs. Ash is discharged from the candle

filter and from the bottom of the gasifier.

The gas generated is burned in the combustion

chambers and expands through a single-shaft

industrial gas turbine, generating 4 megawatts

of electricity. The fuel supply system, fuel in

jectors and the combustors have been redes

igned to suit the low calorific-value gas

(5 megajoules per cubic meter).

The hot flue gas from the gas turbine is ducted

to the Heat Recovery Steam Generator

(HRSG), where the steam generated, along with

steam from the gas cooler, is super-heated and

1-1

THE SYNTHETIC FUELS REPORT. JANUARY 2000



GENERAL

FIGURE 1

VARNAMO PROCESS DIAGRAM

.^Gasifier

Flare

-*

Hot Gas

Filter

Diesel

District

Heating

SOURCE: 8TAHLETAL.

is then supplied to a steam turbine (40 bar,
455C).

Experience Gained During Test Operation

During the early design stage, in particular two

areas were of great concern, namely the gas

clean-up and gas quality. In addition, the op

eration of the gas turbine is of particular interest

to the success ofthe gasification technology.

Gas Clean-Up - The purpose of the hot gas

filtration is to allow gaseous tars to pass through

the filter and other tars to stick to the filter cake

and not pass into the fine pore structure of the

filter itself. As the amount of benzene and tars

is not insignificant, from the gas heating value

point of view this is important to achieve.

Analysis of operating curves for the hot gas

filters indicates that no continuous increase in

pressure drop is taking place.

Originally a hot gas filter of the ceramic type

was installed. The ceramic filter showed good

filtration efficiency, with stable pressure drop.

However, after more than 1 ,200 hours of trou

ble-free operation suddenly two ceramic candles

broke. The complete set of candles was

changed to a new design of ceramic candles

and was installed in the plant. After less than

350 operating hours one of the new type of can

dles broke. The breakdown was established by
the supplier to be caused by mechanical fatigue
because micro cracking was found in all tested

elements and a chemical attackwas excluded.

During the summer of 1998 it was decided to

install metal filter candles instead of the ceramic

1-2
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candles in the main hot gas filter. The metal

filter candles are installed in the original filter

vessels but with a new tube sheet and back-

pulsing arrangement. The metal filter has, like
the ceramics, shown good filtration efficiency,
with stable pressure drop. This filter has now

been in operation for more than 2,200 hours

without any filter breakage or other damage

during normal operation.

Gas Quality - During the commissioning as well
as the demonstration program the gas quality
has been checked regularly. The gas quality
has turned out to be slightly lower than pre

dicted, based on hydrogen content, but the

heating value has been maintained by an in

crease in methane. Gas heating values in the

range of 5.3 to 6.3 megajoules per cubic meter

have been recorded.

Different operating conditions in the gasifier as

well as a change of fuel produce different

amounts of light tars and benzene, as can be

seen in Table 1 . Bark tends to produce less of

both benzene and tars than ordinary wood

chips.

Due to the relatively low combustion tempera

tures in the gas turbine combustors when burn

ing product gas, thermal NOx is low. Total NOx
emissions can, however, be higher compared to

operation on liquid fuel with steam injection due

to the conversion of ammonia and HCN into

NOx. The recorded levels of alkalines have

been below 0.1 parts per million weight.

Gas Turbine Operation - In September 1995

the commissioning of the modified gas turbine

on liquid fuel was completed and the first test

runs on product gas were performed in October.

Combustion has always been reliable in the tur

bine whether operating on gas fuel or liquid.

The relatively low heating value of the gas

(about one-tenth of natural gas) proved to be of

no problem to the gas turbine and a stable

flame has always been established even when

the heating value has been lower than normal.

Not even initially was it necessary to maintain a

pilot flame of liquid fuel, and thus has all opera

tion for 3,500 hours been on 100 percent gas

and no liquid.

Internal inspection of the turbine and combus

tors is carried out after every test run and has

shown that hot gas clean-up is operating most

satisfactorily and no damage to the delicate

parts of the turbine, etc., has been observed.

A thorough combustion of the hydrocarbons has

always been registered with results between 1

and 4 ppm, whereas a slightly high figure of CO

has been observed with figures up to and some

times even above 200 ppm. Work is going on

to improve this.

As has been mentioned before, levels of NOx
around 130 ppm have been recorded when op

erating on gas produced from biomass with high

nitrogen content (like bark) while the lower

TABLE 1

BENZENE AND TAR PRODUCTION FROM DIFFERENT FEEDSTOCKS

Fuel Benzene,
ma/m3

Light Tars, mo/m3

Bark 60% and Forest Residue 40%

Pine Chips

5,000 - 6,300

7,000 - 9,000

1,500-2,200

2,500 - 3,700

1-3
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nitrogen content of hardwood considerably re

duces the NOx down to a mere 40 ppm.

The development of new combustors will reduce

the formation of NOx and further development of
selective catalytic oxidation of NH3 and HCN will

most likely further reduce the emissions.

Fuel Flexibility

The fuel feeding system with the lockhopper,
pressurized fuel silo and screw feeders is pri

marily designed for wood chips and fuels with

equivalent density/heating value per cubic me

ter. A number of different fuels have, however,
been tested in the plant during the last couple of
years:

Wood chips

Forest residue (bark, branches, etc.)
Sawdust and bark pellets

Willow (salix)
Straw

Refuse-derived fuels

All these fuels have proved to be good and easy

to gasify without causing deposits or sinter in the

systems. Bark has actually proved to be an ex

cellent fuel and even feed rates up to

100 percent bark are easily gasified and the gas

is good for filtration and gas turbine operation.

The rather high levels of alkalines in willow

(salix) have not caused any problems in any

part of the system and the amount of sintered

material in the bottom ash was small. Tests

have been performed with willow in pelletized

form and from small amounts up to 100 percent

willow. The only clear and negative effect ob

served was a reduction in heating value of the

gas. The change was not so great, however,

and the gas turbine operation could continue.

Straw has always been considered a difficult

fuel to burn/gasify due to the high levels of alka

line, chlorine and ash in the fuel. Tests have so

far been carried out with straw and bark pellets

in a 50/50 mix. 0"ests with only straw are

planned in the near future.) Also this test has

been performed without any problems or sinter

ing and a gas was produced with a hydrogen

content slightly higher than normal.

The tested RDF was in a pelletized form. The

size of these pellets is bigger than the size used

for most other fuels (18 millimeters versus

8 millimeters). Up to August 1999 only one test

has been performed with RDF and then with

about 25 percent RDF and 75 percent bark pel

lets. Gas quality as well as filtration was without

problems and no sintering or other disturbances

occurred.

CORPORATIONS

DYNEGY TO SELL GASIFICATION

BUSINESS TO GLOBAL ENERGY

In October Dynegy Inc. announced it had en

tered into an agreement to sell its gasification

assets and technology to Cincinnati, Ohio-based

Global Energy Inc.

The sale will include Dynegy's Syngas facility at

theWabash River Coal Gasification Repowering
Project in Terre Haute, Indiana, as well as all

rights to Dynegy's proprietary gasification tech

nology. The sale also will include the rights to

Dynegy's gasification projects in development.

Terms ofthe sale were not disclosed.

The sale is contingent upon completion of the

buyout of Dynegy's gasification services con

tract at the Wabash River facility by
PSI Energy Inc. The buyout of the services

contract has been approved by the Indiana Util

ity Regulatory Commission and both transac

tions were expected to close by the end of 1999.

Dynegy said its technology has proved effective

and efficient at converting high sulfur coal and

petroleum coke into electricity.

Global Energy said this transaction enables

them to broaden their gasification technology
interests and expertise through the acquisition

of technology, a United States operating facility,

1-4
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and most importantly, a dedicated and talented

United States-based gasification technology
team.

In operation since 1995, the Wabash River Coal

Gasification Repowering Project is a demon

stration project carried out through the United

States Department of Energy's Clean Coal

Technology Program. Gas made from coal is

burned cleanly in a combustion turbine to gen

erate electricity. The exhaust heat from the tur

bine is used to produce steam that powers one

of six existing steam generating units at the

Wabash River Station. The gas and steam tur

bine generators together produce 262 net

megawatts of generating capacity.

According to Dynegy the Wabash River gasifi

cation facility is the largest single-train gasifica

tion plant currently in operation and the cleanest

coal-fired plant of any type in the world. With

the contract buyout by PSI Energy at Wabash,
continued operation will depend on new market-

based agreements being developed. Global

Energy will negotiate with PSI concerning the

terms and conditions of a market-based con

tract.

Global Energy Inc. is an international independ

ent power producer with gasification technology
expertise. Global Energy is focused on gasifi

cation technology projects designed to improve

environmental and economic results for the

power, refining, chemical, pulp and paper in

dustries. The company has more than

2,000 megawatts of project activity in develop

ment, construction and operation in the United

States and United Kingdom, with business de

velopment interests worldwide.

gas can be converted into a wide range of fuel

and petrochemical products, including methanol

and hydrogen. It is also a key component of

gas-to-liquids and methanol-to-olefins proc

esses.

Synetix and Methanex have been cooperating

to develop this new process since 1996 and are

joined by ABB Lummus Global who will contrib

ute to the next phase of development and dem

onstration. ABB Lummus Global will also mar

ket the CXR Process when its development is

complete, which is anticipated in late 2002.

Methanex will have certain exclusivity rights for

the use of this process in methanol plants.

The benefits of this process include improved

environmental performance, increased energy

efficiency and a much larger scale of operation

than conventional plants, resulting in lower unit

capital and operating costs. The Alliance part

ners believe that this process will revolutionize

the syngas industry, reducing the economic bar

riers to the manufacture of a variety of syngas

derivative products.

Synetix, a wholly owned subsidiary of the

ICI Group of Companies, is a global catalyst

and technology business with a long history as a

supplier to the syngas industry. Methanex is a

Vancouver, Canada-based, publicly traded

company engaged in the worldwide production

and marketing of methanol. ABB Lummus

Global is an international engineering and con

struction company providing a wide range of

technologies and services to the chemical, pet

rochemical, petroleum refining, oil and gas, and

power industries.

ALLIANCE FORMED FOR LARGE CAPACITY

SYNGAS PLANTS

Synetix, Methanex and ABB Lummus Global

have formed an alliance to complete the devel

opment and commercialization of the

CXR Process for converting natural gas into

large volumes of synthesis gas (syngas).
Syn-

GOVERNMENT

DOE INITIATIVE TARGETS PRODUCTION OF

ULTRACLEAN TRANSPORTATION FUELS

The United States Department of Energy
(DOE), National Energy Technology Laboratory,

1-5
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in cooperation with the DOE National Petroleum

Technology Office, is seeking cost-shared appli

cations for research and development that will

lead to the production of ultraclean transporta

tion fuels from fossil resources, alone or in

combination with other hydrocarbon materials.

The DOE's Office of Fossil Energy intends to

create strategic partnerships targeted at the de

velopment of advanced fuel-making processes

that utilize fossil feedstocks. These processes

will enable the production of ultraclean trans

portation fuels that improve the environment,

while also expanding and diversifying the fossil

resource base. According to DOE this solicita

tion represents a major step toward creating a

comprehensive DOE Fossil Energy Ultraclean

Transportation Fuels Initiativewith DOE's pe

troleum, natural gas and coal programs joining
forces to pursue a common strategy. In addi

tion, Fossil Energy is coordinating this and its

other fuels efforts with DOE Energy Efficiency,
the organization responsible for the en-

gine/vehicle/aftertreatment technologies.

The solicitation is anticipated to be issued in

January 2000, and to be open for proposal

submission for a 5.5-month period with multiple

closing dates. Any resultant awards are ex

pected to be Cooperative Agreement instru

ments and will require cost sharing of

50 percent ormore.

Background

The United States Environmental Protection

Agency has proposed Tier II regulations that

have prompted a call for stricter limits on sulfur

in gasoline and diesel fuels to enable engine

manufacturers to meet emissions limits with

existing exhaust aftertreatment devices. Due to

public demand for a cleaner environment, it is

anticipated that the future will bring calls for

even stricter tailpipe emissions and fuel specifi

cations. Some petroleum refinery managers

believe they can meet the proposed 30 ppm

sulfur standard for gasoline. However, the in

dustry as a whole recognizes the enormous in

frastructure cost of producing cleaner fuels.

Furthermore, the issue of low-sulfur diesel com

plicates the picture, with refinery managers en

visioning the need for advanced new technolo

gies, large capital investments and restructuring

of refinery product pools, that will ultimately re

sult in increased fuel prices. At the same time

refiners are asked to produce cleaner fuels, the

crudes produced in the United States and in

neighboring countries are increasingly heavier

and higher in sulfur content, while refinery mar

gins are getting smaller.

The "Ultraclean Transportation
Fuels"

effort will

focus on a systems approach to (1) developing

fuel-making technologies and (2) testing those

fuels to validate improvements in environmental

performance without sacrificing operational

performance while keeping incremental costs to

a minimum. Current activities in fuels process

ing technology include bioprocessing, synthesis

gas conversion, hydroconversion technology,

natural-gas-to-liquids processing, coprocessing

fossil feedstocks with other hydrocarbon materi

als to make liquid fuels, and coproducing power

and fuels from coal.

DOE expects that in order to achieve the objec

tives of this solicitation, a project team should

incorporate at a minimum: a technology devel

oper that has a technology for producing
ultra-

clean fuel, a producer of feedstock or supplier of

fuel, and an engine/vehicle developer or

manufacturer that will provide guidance and

assist in validating the fuel for use in existing

and/or developmental transportation systems.

NEW NATIONAL LABORATORY

DESIGNATED

In a ceremony on December 10 at the Morgan-

town, West Virginia, Federal Energy Technology
Center, United States Department of Energy
(DOE) Secretary B. Richardson designated that

facility, along with its sister site in Pittsburgh,
Pennsylvania, as the National Energy Technol

ogy Laboratory (NETL). It now becomes the
15th

national laboratory of DOE. The two facili

ties, 65 miles apart, will be operated as a single
entity. Although the designation does not itself
increase the scope, budget or staff of the labo

ratory, Richardson took the occasion to an-

1-6
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nounce also a new Center for Advanced Natural

Gas Studies, which will focus on the production

and use of natural gas in coming years.

Secretary Richardson noted that NETL is meant

to complement the DOE's National Renewable

Energy Laboratory in Colorado. "Our energy
portfolio must include a balanced mix of tradi

tional and non-traditional fuels. We have estab

lished a national laboratory for renewable en

ergy research; my action today will establish a

complementary facility for fossil fuel
research."

He also stressed that the laboratory will continue
to develop technologies for a clean environ

ment.

DOE said that to make the Center forAdvanced

Gas Studies a reality, staff from the NETL and

from other offices within the Department will

begin working on a coordinated effort with in

dustry to develop a vision for the gas industry of

the
21st

century.

There are 550 scientists, engineers and staff at

the two campuses. There will be no change in

employment status for any of the staff. The en

tire DOE national laboratory network em

ploys 30,000 people.

The new gas research center will coordinate

development of new technologies to improve

the way gas is found and produced, as well as

new ways to make the future use of natural gas

cleaner and more efficient, says DOE. It will

identify gaps in DOE's natural gas portfolio and

recommend new efforts to ensure that future

gas supplies remain abundant and affordable

(Figure 1). The Center also will serve as the

Department's primary point-of-contact with the

nation's natural gas industry.

FIGURE 1

U.S. GAS SUPPLY

SOURCE: DOE

DOE SOLICITS CONCEPTS FOR NEXT

GENERATION OF GAS TURBINE SYSTEMS

The United States Department of Energy (DOE)
is beginning a new effort to develop "next-

generation"

gas turbine systems. In December

DOE issued a solicitation asking the turbo-

machinery power industry to conduct initial

studies of innovative turbine systems with power

ratings greater than 30 megawatts. The goal is

to develop turbine systems that are significantly
more efficient, cleaner and more fuel flexible

than current state-of-the-art products.

Proposals are due by January 31 , 2000. Five to

six "systems
study"

projects with durations of up
to 15 months are expected to be selected by
mid-March 2000.

The studies are expected to be the initial step in

a program that will fill an important market need

not covered in the DOE's current advanced tur

bine systems program.

Combined-cycle or combustion turbines are

projected to account for as much as 88 percent

of the new electric generating capacity built in

the United States through 2020. The DOE is

developing
"micro"

and industrial-scale turbines

in sizes of a few hundred kilowatts to

20 megawatts, and within the next year, a joint

government/industry development effort will

produce revolutionary, high-efficiency com

bined-cycle gas turbine systems in the

400-megawatt range.

1-7
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A recent DOE cosponsored study, however, has

indicated that as much as half of the projected

demand for gas turbine systems could be for

units in the
"mid-size"

rangethe 30- to

200-megawatt scale.

These turbine systems could be used in a vari

ety of clean, high efficiency powerplant applica

tions such as integrated gasification combined

cycle.

Technology developed for "next
generation"

systems could also be used by the United States

military. The Navy, for instance, envisions

ships to operate entirely on electricity produced

by distributed, fuel-efficient, flexible onboard

power systems that would meet propulsion, ship

service and weapons systems needs.

The DOE also envisions these turbine systems

to be used as power modules in its futuristic Vi

sion 21 energy plant. V7s7on 21 is a concept for

a fleet of virtually non-polluting advanced en

ergy plants that would run on multiple fuels and

produce a slate of clean liquids, chemicals and

feedstocks, as well as electricity, to meet re

gional market needs. Vision 21 plants could be

either larger-scale baseload powerplants or

smaller-scale distributed energy plants.

To meet these future objectives, the DOE wants

developers to begin working on turbine systems

that improve current state-of-the-art technology

by:

Increasing net system efficiency by
15 percent ormore over current systems

Improving turndown ratios by 50 percent

ormore

Reducing the cost of electricity produc

tion by 15 percent or more

Improving service life

Reducing emissions of carbon and nitro

gen oxide gases

Reducing operations, maintenance
and

capital costs by 15 percent or more

Offering flexibility for at least 400 starts

per year and rapid startup capability

Improving reliability, availability and

maintainability

Winning companies are required to provide at

least 20 percent of the total cost of the system

studies.

If the development effort is successful, the first

"next
generation"

turbine systems could be

ready for market entry by around 2008. Inte

gration of "next
generation"

technology into Vi

sion 21 plants is planned in the 2010-2015 time

frame.

AGREEMENT LIGHTS THE WAY FOR FUEL

CELL USE BY COAST GUARD

The United States Department of Energy (DOE)
and the United States Coast Guard (USCG)
have joined forces to light the way for using ad

vanced electricity production methods at Coast

Guard remote stations. On November 5 at

Coast Guard headquarters in Washington, D.C.,

DOE's Federal Energy Technology Center

(FETC) signed a Memorandum Of Agreement

(MOA) with the Coast Guard Research and De

velopment Center.

The MOA is the first step in a process that al

lows the Coast Guard to investigate using

21^century technology to provide power at its

remote installations and radionavigation sites in

the United States. The DOE center will provide

collaborative research with the USCG to deter

mine the best type and most appropriate use of

fuel cell power systems at those installations.

The intergovernmental partnership formed by
this alliance will further the mission of both the

THE SYNTHETIC FUELS REPORT. JANUARY 2000
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DOE and the USCG. The USCG will explore

the potential of new powerplants as FETC con

tinues to investigate solutions to energy and

associated environmental problems.

"These remote locations provide services that

are necessary for safe marine navigation and,

therefore, need to be available for use at all
times,"

says Captain G. Gunther, of the USCG

Research and Development, Groton, Connecti
cut. Gunther went on to say, "We want to ex

amine the use of fuel cells to address readiness,

effectiveness and efficiency while having less

impact on the environment than traditional

power
sources."

The USCG will investigate the potential use of

fuel cells at LORAN and Differential GPS Sta

tions (electronic-navigation systems). This ef

fort is in addition to an ongoing partnership with

the Navy and other federal agencies in exam

ining the potential for use of fuel cells on ships.

According to DOE, Polymer Electrolytic Fuel

Cells (PEFC) are the first type to be considered

in this effort. PEFCs offer low weight and cost,

operate at low temperatures, and have fast

startups and immediate response to changes in

the demand for power. While the PEFC system

is being developed for smaller-scale stationary

power, it is also seen as the system of choice

for vehicular power applications.

TECHNOLOGY

NEW GENERATION DIESEL FUEL FROM

FISCHER-TROPSCH SHOWS HIGH PROMISE

A goal of the United States Department of En

ergy (DOE) is to develop a diesel-based trans

portation system for trucks, including vans and

multipurpose vehicles, that can accommodate a

variety of diesel fuels and that would achieve

extremely low emissions and high fuel effi

ciency. A key element in this strategy is to pro

duce, via Fischer-Tropsch (F-T) and other syn

thesis-gas conversion technologies, premium

transportation fuels from non-petroleum feed

stocks, such as coal, natural gas and
biomass.

J. Winslow, of the Federal Energy Technology

Center (FETC), et al. discussed the develop

ment of these technologies at the 1999 Interna

tional Pittsburgh Coal Conference held in Pitts

burgh, Pennsylvania, in October 1999.

Because of the potential benefits of F-T and

similar technologies, the DOE's FETC has been

active for many years in the promotion of syn

thesis gas conversion processes.

There are a number of aspects to DOE's fuels-

development program, including the develop
ment of F-T catalysts; development of proc

esses for converting synthesis gas to chemical

intermediates and fuels, such as methanol and

dimethyl ether; proof-of-concept demonstrations

of these processes; and development of engi

neering data and mathematical models to per

mit the design of Slurry Bubble Column Reac

tors (SBCR). The current synthesis gas conver

sion activities focus on developing novel slurry-

phase reactor technologies, which exhibit

greater flexibility and are technically and eco

nomically superior to existing, fixed-bed reactor

systems, and on laboratory and bench-scale

research on catalysts for producing a suite of

hydrocarbons and oxygenates, which can be

used to produce ultraclean diesel, gasoline and

jet fuels for the vehicles of the future.

The success of DOE's Synthesis Gas Conver

sion activities centers around the DOE-owned

Alternative Fuels Development Unit in LaPorte,

Texas, operated by Air Products and Chemicals,
Inc. This facility is capable of processing syn

thesis gas, with a wide range of compositions in

an SBCR-^the heart of liquid-phase technol

ogyto demonstrate operation at an industrially
relevant scale of 5 to 15 tons per day. The Liq
uid Phase Methanol (LPMEOH) process, suc

cessfully developed through use of the LaPorte

facility, is now being commercially demon

strated at the Eastman Chemical Company's

Chemicals-from-Coal complex, located in King-

sport, Tennessee, with support from DOE's
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Clean Coal Technology Program. In addition,

the F-T process, has been given new life by the
use of SBCR technology. The success

achieved in these programs has shown the

strong potential of SBCR technology to improve

the economics of processes to convert coal- or

natural gas-derived synthesis gas to an opti

mum distribution of fuels and chemicals.

Implementation Strategy

Although commercial plants utilizing both fixed-

bed and fluidized-bed reactors have operated,

there have been no large-scale F-T plants using

slurry reactors. (Sasol does have a demonstra

tion-size slurry reactor operating at one of their

facilities.) Much useful data would be generated

by an operating a slurry-reactor-based F-T plant.

In addition to proving out equipment and oper

ating procedures, an operating plant would pro

vide large quantities of F-T product to allow re

finers to find the optimum way to integrate F-T

liquids into their refineries. In addition, a com

mercially successful plant would provide confi

dence to others to build plants.

The potential for the successful implementation

of slurry-reactor F-T technology in the near term

is high. The new slurry-phase process removes

the economic barrier and makes synthesis gas

conversion into liquid fuels a real and commer

cially attractive option now. Remote natural gas

reserves present a niche opportunity for demon

strating slurry-reactor technology, which would

be followed by coal-based plants. A strong re

search, development and demonstration pro

gram is in place to ensure continued develop
ment and cost reduction. The work accom

plished by these projects will accelerate the rate

of developing new technologies, increase the

probability of their success and provide new

methods for the private sector to use in com

mercial applications, conclude Winslow et al.

CERAMIC MEMBRANES CAN SEPARATE

HYDROGEN FROM MIXED GASES

At Argonne National Laboratory (ANL) and the

Federal Energy Technology Center (FETC),

membranes based on mixed-conducting oxides

(i.e., containing both ionic and electronic charge

carriers) are being developed for the separation

of hydrogen from gas mixtures. One well-

known class of mixed conductors contains par

tially substituted perovskite-type oxides such as

CaZr03, SrCe03 and BaCe03. These materials

exhibit significant proton conduction in a hydro

gen-containing atmosphere and are used for

various applications, e.g., hydrogen and humid

ity sensors, and solid-oxide fuel cells. To be

suitable for hydrogen separation in a non-

galvanic mode, i.e., without using electrodes or

electrical power, the ceramic membranes must

exhibit sufficient protonic and electronic con

ductivities, and high catalytic activity for oxida

tion and evolution of hydrogen at the solid-gas

interfaces. ANUFETC is currently focusing on

cermet membranes, made by mixing the mixed-

conductor yttrium-doped BaCe03.

U. Balachandran et al. of ANL discussed mate

rial selection, fabrication and performance, as

well as technical/technological challenges of the

ceramic membranes for hydrogen separation at

the
16th

Annual International Pittsburgh Coal

Conference held in Pittsburgh, Pennsylvania, in

October.

BaCeo.80Yo.20Os* is the most favorable composi

tion for a mixed-conducting membrane because

its conductivity is high; however, because the

non-galvanic flux of hydrogen through a mixed-

conducting membrane is maximized when the

electrons and protons carry nearly equivalent

fractions of the current, incorporation of a metal

in the BCY should increase the electronic con

ductivity of the membrane and enhance Its per

formance as a hydrogen separation membrane.

Two cermet membranes, ANL-1 and ANL-2,
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were evaluated in this study. The only differ

ence between ANL-1 and ANL-2 membranes is
the composition ofthe metal phase.

Balachandran et al. calculated the hydrogen

permeation rate as a function of temperature

and sample thickness. Hydrogen permeation

rates increased with temperature and were ap

proximately proportional to the inverse of mem
brane thickness (0.095-0.205 centimeter) at high

temperature (800C). This result suggests that

the bulk properties are rate limiting at high tem
peratures for samples with thicknesses in the

range of 0.095-0.205 cm. Bulk resistance is

much greater than interfacial resistance at high

temperature (800C) for sample thicknesses

> 0.095 cm, but the interfacial resistance domi

nates at lower temperatures. This means that

reducing the membrane thickness may signifi

cantly enhance the permeation rate at higher

temperatures but may have little effect at lower

temperatures, unless the membrane surfaces

are modified to reduce the interfacial resistance.

A metal phase may act to enhance the hydro

gen permeation of BCY-based membranes in

several ways. It can increase the membrane's

ambipolar conductivity by increasing its elec

tronic conductivity, and/or it may decrease the

interfacial polarization resistance, both of which

increase the permeation rate. Figure 1 shows

experimentally measured permeation rates for

ANL-2 membranes of three thicknesses. The

permeation rate through a 1 .04-millimeter-thick

ANL-2 membrane can be compared directly with

the calculated permeation rate through an

ANL-1 membrane ofthe same thickness. At low

temperatures (T < 700C), where interfacial po

larization dominates, the permeation rate

through ANL-2 is significantly greater than that

for ANL-1 ,
a finding that suggests that the in

terfacial polarization resistance ofANL-2 is con

siderably lower. On the other hand, when bulk

properties begin to dominate at high tempera

tures (T > 800C), the permeation rate through

ANL-1 is greater than that through ANL-2, im

plying that the ambipolar conductivity of ANL-1

FIGURE 1
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is greater than that of ANL-2 at these tempera

tures.

Permeation data for ANL-2 membranes was

also generated using an Al203 support tube and

99.995 percent H2 as the feed gas. The per

meation rates through membranes of three

thicknesses are given along with the calculated

permeation rate for an ANL-1 membrane. The

permeation rate through ANL-2 membranes is

significantly higher than that for ANL-1 mem

branes. This is particularly true at lower tem

peratures CT < 800C) and suggests that the

metal in ANL-2 significantly reduces the interfa

cial polarization resistance. This result is con

sistent with the permeation data that was ob

tained when 4 percent H2/He was used as the

feed gas. The highest permeation rate

(approximately 2.1 cubic centimeters per minute

per square centimeter at 900C) was obtained

with a membrane that was 0.44 millimeters

(mm) thick, a thickness that can easily be ob

tained by extrusion, a conventional ceramic fab

rication technique. With another conventional

technique that is used to fabricate ceramics,

tape casting, even thinner membranes (0.10-

0.20 mm) could be made; such membranes

should yield permeation rates of 4 to

8
cm3/min/cm2

at 900C, say Balachandran et

al.

Both cermets allow non-galvanic hydrogen per

meation, however, ANL 2 exhibits substantially

higher permeation rates than those obtained for

ANL-1, particularly at lower temperatures

(T<700C). The authors hypothesize that

ANL-2 exhibits a higher permeation rate be

cause its metal phase lowers the interfacial po

larization resistance; however, additional ex

periments will be necessary to confirm this.

GASIFICATION OF REFINERYWASTES IS

SUPERIOR TO INCINERATION

Gasification technologies offer an alternative

process for the recovery and recycling of low-

value, secondary materials by producing a more

valuable commoditysyngas. The multiple

uses of syngas (power production, chemicals,

methanol, etc.) and the availability of gas
clean

up technologies common to the petroleum re

fining industry make gasification of secondary

oil-bearing materials a valuable process in the

extraction of products from petroleum. By pro

ducing syngas, sulfur and metal-bearing slag

suitable for reclamation or use in construction

materials, wastes are minimized and the emis

sions associated with their destruction by incin

eration are reduced. Recently, the United

States Environmental Protection Agency (EPA)
announced that the Agency is considering an

exclusion from the Resource Conservation and

Recovery Act (RCRA) for listed secondary
oil-

bearing refinery materials when processed in a

gasification system. In their presentation to the

1999 Gasification Technologies Conference

held in San Francisco, California, in October

D. Orr and D. Maxwell of Radian International

described and compared various gasification

and hazardous waste incineration technologies.

Basic block flow diagrams for waste incineration

and waste gasification processes are provided

in Figures 1 and 2, respectively. For the pur

pose of comparison, the major subsystems used

in incineration and gasification have been

grouped into four broad categories:

Waste preparation and feeding

Combustion versus gasification

Combustion gas cleanup versus syngas

cleanup

Residue and ash/slag handling

SOx, NOx and Particulate Matter

For a given secondary material, emission levels

of SOx, NOx and particulate from gasification

systems are reduced significantly compared to

incineration systems. In an oxidative incinera

tion environment, sulfur and nitrogen com

pounds in the feed are converted to SOx and

NOx. In contrast, syngas cleanup systems for

modem gasification systems are designed to

recover 95 to 99 percent of the sulfur in the fuel
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FIGURE 1

INCINERATION PROCESS FLOWDIAGRAM
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as a high-purity sulfur byproduct. Likewise, ni

trogen in the feed is converted to N2 and am

monia in the syngas. Ammonia is subsequently

removed from the syngas in downstream

cleanup systems such as particulate scrubbing

and gas cooling. Thus, if the clean syngas is

combusted in a gas turbine to generate electric

ity, the production of SOx and NOx is reduced

significantly.

Typical end-uses for the clean syngas from

gasification systems (e.g., electricity production

in a gas turbine or chemical manufacturing

feedstock) require a product syngas with low

particulate content. Particulate levels in the raw

syngas are reduced to low levels because of the

multiple gas cleanup systems used in gasifica

tion systems, which include particulate scrub

bers or dry filtration systems, gas cooling opera

tions and acid gas removal systems. As a re

sult, measured particulate emissions at coal-

fired gasification systems where the clean syn

gas was combusted in a turbine are 2 orders of

magnitude lower than the existing RCRA stan

dard for hazardous waste incinerators (RCRA

limit = 180 milligrams per cubic meter) and

1 order of magnitude below the recently final

ized Maximum Available Control Technology

(MACT) limit for new and existing hazardous

waste incinerators (MACT limit = 34 milligrams

per cubic meter).

Organic Compounds

Historically, organic compound emissions of

most concern from waste incineration systems

have been Principal Organic Hazardous Con

stituent (POHC) in the waste feed and Products

of Incomplete Combustion (PICs). Air emis

sions of these compounds have been charac-
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FIGURE 2

GASIFICATION PROCESS FLOWDIAGRAM
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terized extensively for hazardous waste incin

erators. POHC refers to the organic compounds

present in the waste feed that must be de

stroyed at greater than 99.99 percent efficiency

(99.9999 percent for listed dioxin wastes) based

on RCRA rules for hazardous waste incineration

systems. PICs are compounds such as Semi-

volatile Organic Compounds (SVOCs), Polycy
clic Aromatic Hydrocarbons (PAHs), VOCs and

dioxin/furan compounds.

The VOCs tend to be detected more often and

at higher concentrations than the SVOCs. Di

oxin/furan compounds (PCDDs/PCDFs) are also

often detected in the combustion gases from

hazardous waste incinerators.

Similar data for gasifier product syngas and tur

bine/Heat Recovery Steam Generation (HRSG)

stack emissions are much more limited. The

most comprehensive trace substance charac

terization tests have been conducted for en-

trained-bed and two-stage entrained-bed gasifi

ers using both slurry and dry feed systems.

These studies were conducted during the gasifi

cation of various coal feedstocks and did not

include gasification of secondary materials.

Results from these test programs have indicated

the presence of select VOCs and SVOCs at

levels at sub-part-per-billion levels.

Additional testing of slurry-fed, entrained-bed

gasification systems feeding residual materials

such as petroleum tank bottoms, municipal

sewage sludge and hydrocarbon-contaminated

soil have shown that no organic compound

heavier than methane was present in the raw

syngas at concentrations greater than 1 part per
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million volume, consistent with the requirements

ofthe comparable fuels exclusion.

Measurements of PCDD/PCDF in gasification

systems show that these species, if present,

were at concentrations less than or equal to the

method detection limits of parts per quadrillion

(approximately 0.01 nanogram per standard

cubic meter).

Trace Metals and Halides

EPA data for hazardous waste incineration sys

tems indicate that metals emissions include an

timony, arsenic, beryllium, cadmium, chromium,
lead, mercury, nickel and selenium compounds.

Acid halides (HCI, HF and HBr) may also be

present depending on the halogen content of the
waste feed.

While hazardous wastes were not included in

the feedstocks for the gasification tests, the data

from these test programs provide valuable in

sight on the general fate of toxic substances

(particularly metals) in gasification systems.

Volatile trace elements such as mercury, chlo

ride and fluoride are vaporized almost com

pletely during gasification and are carried down

stream in the process. Only small portions, if

any, are retained in the slag. Chloride and fluo

ride are typically removed during the gas cool

ing and scrubbing operations and ultimately

partition to the water systems. Some may also

remain in the product syngas and exit in the tur

bine exhaust. Greater than 99 percent of the

HCI is removed from the syngas, primarily in the

wet scrubbing operations. Semivolatile trace

elements such as arsenic, cadmium, lead and

selenium partition partially into the slag but can

also be present in the vapor-phase throughout

the process. Lead and cadmium may partition

slightly into the water system. These sub

stances may also volatilize and recondense on

the fine particulate matter as the syngas cools.

The mass balance closures for the volatile and

semivolatile elements were substantially less

than 100 percent, so the fate of these elements

remains somewhat uncertain.

The low recoveries were shown to be evidence

of retention of volatile trace elements with the

process equipment. There is also some evi

dence to suggest that some of these substances

may accumulate in the amine-based solvents

used in the sulfur removal systems at gasifica

tion facilities.

Trace substances typically considered non

volatile include barium, beryllium, chromium,

cobalt, manganese and nickel. In most cases,

these substances partitioned almost entirely to

the slag.

For hazardous waste incinerators, RCRA re

quirements mandate that any ash from combus

tion chamber and downstream gas cleanup de

vices is also considered a hazardous waste.

The principal contaminants are heavy metals

primarily in the form of metal oxides and unde-

stroyed organic material. Leaching of heavy
metals from incinerator ash material is of par

ticular concern. Test data suggest that small

amounts of residual organic compounds remain

in incinerator ash and control device residuals.

When organic compounds were detected, they
tended to be toluene, phenol and naphthalene at

concentrations less than 30 parts per billion.

Analysis of the slag material produced from

various coal gasification processes has consis

tently shown the slag to be a non-hazardous

waste according to RCRA definitions. Trace

metals tend to concentrate in the slag; however,
the glassy slag matrix effectively immobilizes

the metals eliminating or reducing their leach-

ability.

Conclusions

Both gasification and incineration are capable of

converting hydrocarbon-based hazardous mate

rials to simple, non-hazardous byproducts.

Organic compounds such as benzene, toluene,
naphthalene and acenaphthalene have been

detected at low levels in the syngas from some

gasification systems. However, when used as a

fuel and combusted in a gas turbine, the emis-
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sions of these compounds or other organic haz

ardous airborne particulates are either not de

tected or present at sub-part-per-billion concen

trations in the emitted stack gas. Concentra

tions of PCDD/PCDF compounds in the syngas

produced from gasification of various feed

stocks, including highly chlorinated feedstocks,
were either below the limits of detection, or 1 to

2 orders of magnitude lower than recent MACT

standards for hazardous waste incinerators

when detected. In addition, emissions of par

ticulate matter are found to be 1 to 2 orders of

magnitude below the current RCRA emissions

standards and the recently finalized MACT

standard for hazardouswaste incinerators.

Although comprehensive test data from the

gasification of coal and other fossil fuels are

available to assess the fate of many hazardous

constituents, the same type and volume of data

for the gasification of hazardous wastes are not

readily available. To fully assess the perform

ance of gasification on a broader spectrum of

hazardous wastes, additional testing may be

required to fill data gaps and provide validation

of test methods.

All things considered, the ability of gasification

technologies to extract useful products from

secondary oil-bearing materials and listed refin

ery wastes is analogous to petroleum coking

operations and unlike hazardous waste incin

eration. Like petroleum coking, gasification can

be viewed as an integral part of the refining

process where secondary oil-bearing materials

can be converted to a fuel (syngas) that is of

comparable quality to the syngas produced from

the gasification of fossil fuels.

ADVANCED GAS TURBINE SYSTEMS

RESEARCH PROGRAM REACHING

MATURITY

The Advanced Gas Turbine Systems Research

program (AGTSR) was established in 1992 at

the beginning of the United States Department

of Energy Advanced Turbine Systems (ATS)
program. The initial major goals of AGTSR

were to develop high-quality base research to

support the industry. That still is the prime mis

sion, but as AGTSR has matured, various other

activities have naturally grown into the portfolio

to make AGTSR a comprehensive virtual na

tional laboratory. L. Golan, of South Carolina

Institute for Energy Studies (SCIES) at Clemson

University discussed the past accomplishments

and future plans for the program at the ATS An

nual Meeting held in Morgantown, West Vir

ginia, last November.

Organization

The SCIES provides the central administration

for the AGTSR program. The AGTSR presently

has a membership base of 97 performing mem

ber universities located in 37 states. It is
SCIES'

responsibility to be the linkage between

all three groups involved in the AGTSR pro

gram: universities, government and industry.

The research program is broadly segmented

into three discipline areas combustion,
aero-

heat transfer and materials. To date

62 research contracts have been awarded with

32 completed and 30 research projects now on

going. The prime thrust of the research has

been to improve efficiency, reduce emissions

and improve engine and system performance.

AGTSR Accomplishments

From the research perspective AGTSR has had

numerous contributions to gas turbine power

technology. Some of the activities being con

ducted at performing member universities in

clude:

Researchers at Penn State have devel

oped a fiber optic equivalence ratio

probe for making fuel distribution meas

urements in combustors. The perform

ance of the probe has been successfully
demonstrated at Westinghouse and

Federal Energy Technology Center.

University of California at Berkeley re

searchers have developed a fiber optic

probe for measuring fuel/air mixedness.

Penn State researchers are also acquir

ing flow data in a multistage environment
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for the design of next-generation multi

stage compressors. Allison Engine

Company has used the Penn State data

to predict the performance of a three-

stage industrial gas turbine booster com

pressor. The results show that the per

formance prediction of the booster com

pressor has improved dramatically.

Georgia Tech efforts have demonstrated

the control of combustion instabilities on

a 3-megawatt combustor at Siemens

Westinghouse. The active control sys

tem automatically detected the combus

tion instabilities, identified its character

istics and
"instantaneously"

attenuated

the unstable mode by up to 15 decibels.

At the University of California, Irvine, re
searchers have been working on ex

tending stability limits by the introduction

of a pilot gas into the flow stream. Maps

of performance and the associated fuel

distribution have been developed.

Identified Research Needs

The research work Is freely discussed at

AGTSR workshops, which provide a vehicle for

researchers from industry, government and the

university to interact and discuss research re

sults and progress. These workshops have re

sulted in the development of a Position Papers

report, which outlines research needs for ad

vanced gas turbines:

Combustion - The basic goal ofthe combustion

recommendations is to minimize environmental

issues and to ensure increased powerplant effi

ciency. "Non-standard
fuels"

such as those oc

curring in chemical plants, landfills and biomass

systems need consideration. The need for im

proved understanding of the effect of fluctua

tions in heating value and fuel/air ratio on flame

stability and flame blowout is required. Ul-

tralean premixed combustion must be fully in

vestigated. Improved sensors and diagnostic

tools are required for identification of parame

ters in fuels that are key indicators of emissions

and stability.

Aero-Heat Transfer - An accepted method of

achieving higher turbine efficiency is to raise

turbine inlet temperatures. This in itself creates

the need for improved understanding of aero-

heat transfer effects in turbine airfoils. A pro

gram consisting of improved computational fluid

dynamics models, unconventional cooling sys

tems and improved understanding of turbulence

and turbulence effects on airfoil heat transfer is

proposed.

Materials Issues - The Position Paper estab

lishes a rationale for coatings as arugably the

most critical materials issue in enabling revolu

tionary advances in gas turbine technology.

The discussion includes Environmental Barrier

Coatings (EBCs) for ceramics. The study iden

tifies the need for a coherent set of science-

based methodologies for the design, manufac

turing and life prediction of coating systems, and

proposes a conceptual infrastructure of engi

neering tools as a long-term goal to guide the

development of such capabilities. The core of

the idea is the ability to generate computation

ally a profile of the coating characteristics and

their variability over the surface of a complex

component, and to simulate its response to the

profile (spatial and temporal) of operating con

ditions anticipated for the component in the en

gine. While the long-term vision is articulated in

terms of modeling tools, it is recognized that the

bulk of the challenge resides in developing the
science-based mechanistic understanding of the

materials, processes and evolutionary phenom

ena that dictate coating performance and life.

GASIFICATION OF BIOMASS RESIDUES

LOOKING GOOD

The advances in Fluidized-Bed Combustion

(FBC) and gasification technologies over the

last few decades have enabled a significant in

crease in the utilization of biomass for power

and heat production. The range of available

biomass fuels include wood-based fuels prod

ucts such as wood chips, saw dust and bark;
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agricultural wastes such as straw, olive waste

and rice husks. Sludges from paper mills and

deinking plants and municipal sludges are also

attractive biomass fuels.

F. Engstrom of Foster Wheeler Development

Corporation presented an overview of power

generation technologies from biomass at the

1999 Gasification Technology Conference held

in San Francisco, California, in October.

PowerGeneration Through Direct

Combustion of Biofuels

In Europe the major driving force that led to the
development of FBC was the need for more

efficient technologies for the utilization of low-

grade fuels such as biomass. Both Bubbling
Fluidized-Bed (BFB) and Circulating Fluidized-

Bed (CFB) technologies have received signifi

cant interest since the early 1970s for various

biomass and waste applications. Higher envi

ronmental awareness, larger plants, and multi-

fuel capabilities have favored the CFB boilers

for power and steam production from biomass

fuels. The development of next-generation CFB

technology (i.e., Foster Wheeler Compact) of

fers lower investment costs and high efficiencies

with excellent environmental performance as

well as opportunities to utilize difficult biomass

fuels such as agro wastes with low emissions.

Cofiring is a highly promising technology for

using biomass in large-scale utility boilers. This

combustion technique is commonly used in the

power boilers of pulp and paper industries,
where combustion occurs on traveling grates in

spreader-stoker boilers.

Power Generation By Gasification of

Biomass

The primary advantage of CFB gasification is

that it enables the substitution of expensive fos

sil fuels with cheaper fuels such as wood

wastes. Gasification also has the advantage in

separating noxious ash and gas constituents

from the fuel gas prior to combustion in the

boiler, and as such, provides opportunities for

replacement of natural gas in Heat-Recovery
Steam Generators (HRSGs). Finally, gasifica

tion of biofuels provides the means to reduce

SO2 and NOx emissions, and can further be

used as a rebum fuel for a more dramatic re

duction of NOx emissions.

The atmospheric CFB gasification system con

sists of a reactor, a uniflow cyclone to separate

the circulating bed material from the gas, and a

return pipe for conveying the circulating material

to the bottom of the gasifier (Figure 1). The

gasification air enters the bottom of the reactor

via an air distribution grid and fluidizes the par

ticles in the bed. The fuel is fed into the lower

part of the gasifier above a certain distance

from the air distribution grid. The incoming
biofuels contain 20 to 60 percent water, 78 to

39 percent combustibles and 1 to 2 percent ash.

The operating temperature in the reactor is typi

cally 800 to 1 ,000C. After entering the reactor,

the biofuel particles dry rapidly and a first pri

mary stage of reaction (namely, pyrolysis) oc

curs. During this reaction, fuel converts to

gases, charcoal and tars. These products flow

upward in the reactor and a series of heteroge

neous reactions occurs, producing a combusti

ble gas that is cleaned in the uniflow cyclone.

Most of the solids in the system are captured in

the cyclone and returned to the lower part of the

gasifier reactor. These solids contain char,

which is combusted in the fluidized bed. This

combustion process generates the heat required

for the pyrolysis process and endothermic reac

tions. The circulating bed material serves as

the heat carrier and stabilizes the temperatures

in the process.

Kymijarvi Power/Gasification Plant

Lahden LSmpovoima Oy operates the Kymijarvi

Powerplant, located near the City of Lahti in

Southern Finland. The boiler is a Benson-type

once-through boiler with steam conditions of

125 kilograms per second, 540C per 170 bar

and 540C per 40 bar reheat. The maximum

power output is 167 megawatts-electric and dis
trict heat production is 240 megawatts-thermal.

The boiler uses 1,200 gigawatt-hours per year
(180,000 ton per year) of coal and about

800 GWh per year of natural gas.
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FIGURE 1
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Different types of biofuels and wastes, corre

sponding to 300 GWh per year, are available in

the Lahti area to substitute for about 15 percent

of the fuels burned in the main boiler. The de

sign basis of the feedstock to the gasifier is

shown in Table 1 . In addition to these fuels,

peat, demolition wood waste and shredded tires

are used as fuels in the gasification plant. No

drying of the feedstock is required, which re

duces the investment costs and simplifies the

overall system.

The shakedown of the gasification plant was

completed at the end of January 1998. During

1998, 4,730 hours of operation in the gasifica

tion mode were logged with an availability of

82 percent. Lack of fuel and operational prob

lems at the fuel processing plant decreased the

availability of the whole plant during the first half

of 1998. With regard to the gasification plant

itself, the problems were related mostly to the

use of shredded tires as a fuel in the gasifier.

On several occasions, the wire content of tires

(there is no additional separation of metal wires

with magnet after shredding) was so high that

accumulated wires blocked the ash extraction

system and the gasifier had to shut down. With

all other fuel fractions, the operation of the gasi

fication process was trouble-free.

Regarding the gasification process itself, the

results met expectations. The operating tem

perature of the gasifier was typically 830 to

860C and was consistent with the design tem

perature. The gasifier output varied between 35

and 55 megawatts depending upon the gasifier

fuel moisture content and the required gasifier

load. During 1998 the moisture content in the

fuel mixture was rather high, varying between

45 and 58 percent. Due to the high moisture

content, the product gas heating value has been

relatively low, typically 1.6 to 2.4 megajoules

per standard cubic meter.
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TABLE 1

GASIFIER FEEDSTOCK, ON AVERAGE

Fuel

Saw Dust

Wood Residues (bark, wood chips, wet and

fresh wood residues, etc.)

DryWood Residues from theWood Working

Industry (plywood, particle board, cuttings, etc.)

Recycled Fuel (REF)

Amount, Moisture,

%wt. of total %wt.

10 45-55

30 45-55

30 10-20

30 10-30

The fuel gas quality has exceeded expectations.

Table 2 summarizes the typical measured val

ues of the product gas main components.

The changes in the main boiler emissions with

gasifier were low. The dust content in the flue

gas after the electrostatic precipitator decreased

by 10 to 20 milligrams per standard cubic meter.

The most positive result has been the decrease

in NOx emission. The NOx content of the main

boiler decreased typically approximately

10 milligrams per megajoule, representing a

reduction of 5 to 10 percent from the base level.

Because of the extremely low sulfur content of

biofuels, the main boiler SOx emission de

creased approximately 20 to 25 milligrams per

megajoule. In contrast, because of the low chlo

rine content (0.1 percent) of the main boiler

coal, the HCI content of the flue gas increased

by approximately 5 milligrams per megajoule

when the gasifier was in operation. This was

caused by the use of recycled fuel and shredded

tires in the gasifier. Both fuels are known to

contain chlorine. With regard to CO emissions

of the main boiler, no changes were seen.

Conclusions

Engstrom concludes that atmospheric circulat

ing fluidized-bed gasification is an attractive

approach for repowering existing utility and

TABLE 2

AVERAGE VALUES

OF THE PRODUCT

GAS MAIN COMPONENTS

Gas

Comoonent Unit Averaoe

co2 % vol. (wet) 12.9

CO % vol. (wet) 4.6

H2 % vol. (wet) 5.9

CxHy % vol. (wet) 3.4

N2 % vol. (wet) 40.2

HzO % vol. (wet) 33.0

other boilers, with flexibility to meet regulatory

stipulations for ash disposal. It has the potential

to replace natural gas in many industrial appli

cations.

Biomass integrated gasification combined cycle

needs a secured, long-term fuel supply for large

powerplants (30 to 100 megawatts-electric). A

favorable change in today's power-to-heat tariff
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is required for it to effectively compete with the

low-cost power generation technologies such as

natural gas combined cycles.

PARTIAL OXIDATION OF REFINING GASES

PROPOSED IN AUSTRALIA

The Queensland Clean Fuels Project (QCEP) at
BP Amoco's Bulwer Island Refinery in Australia

aims to demonstrate the application of gasifica

tion technology not to heavy residues, as is

common, but to refinery gases. The central

element of QCEP is the installation of a

17,000-barrel per day hydrocracking unit at the

refinery. The hydrocracker allows the refinery to

produce increased yields of low-sulfur diesel

and gasoline. The hydrocracker consumes

more hydrogen than current refinery production

rates, necessitating the development of a hy
drogen production scheme as a result.

BOC Gases and the BP Amoco Refinery have

jointly developed a novel hydrogen supply

scheme, based on the partial oxidation of refin

ery gases using the Texaco Gasification Proc

ess (TGP) for the proposed new hydrocracker.

R. Ramprasad, of BOC Process Systems, et al.

discussed this proposed project at the

1999 Gasification Technologies Conference

held in San Francisco, California, last October.

Process Description

The partial oxidation unit for hydrogen is shown

in Figure 1.

The plant design capacity is about 78,000 kilo

grams per day (32 million standard cubic feet

per day) of contained H2 product, at a minimum

99.5 percent purity, with less than 10 parts per

million each of CO and C02. The product H2 is

compressed to about 2,700 psig for delivery to

the mild hydrocracker unit. The C02 purification

unit will produce about 150 thousand tons per

day high purity C02 formerchant sales.

Gasifier Feed Collection and Compression

The gasifier feed will consist of refinery off-gas

streams, supplemented by natural gas, if neces

sary. Feed stream compositions and flow rates

are dependent on refinery operating mode (i.e.,

crude type, operating rates, operating severity,

etc.) and will vary frequently. Refinery streams

that form the feed are:

Reformer off-gas from naphtha reformer

This gas contains high concentrations of

hydrogen and is the major source of hy
drogen currently produced in the refin

ery. The gas also contains chlorides that

will be removed by passing through a

fixed bed of activated alumina that will

absorb all chlorides.

Off-gases from the naphtha hydrotreater,

the distillate hydrotreater and the residue

cracker unit: These gases will be

blended and scrubbed of H2S and chlo

rides by the refinery in an Amine Scrub

ber before being routed to the hydrogen

plant. H2S removal is necessary to pre

vent contamination ofthe C02 product.

Oxygen Supply

The main feature of the Air Separation Unit

(ASU) is the simplicity of the arrangement of its

rotating machinery, which leads to a high level

of plant reliability and flexibility. With the en

ergy of just two air compressors, a main and a

booster, the plant is able to deliver not only two

gaseous 02 streams at elevated pressure, but

also up to 250 tons per day of liquid products.

Other key features ofthe ASU include:

Sophisticated interlock functions to pro

tect against failures or mal-operation and

keep the plant in a safe condition in case

of power failure.

Use of structured packing in the distilla

tion process, which results in increased

plant flexibility, better plant control and

lower power consumption.
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FIGURE 1

BULWER ISLAND,AUSTRALIA, PARTIALOXIDATION SCHEME
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Liquid storage and vaporization facilities

to seamlessly supply, in the event of an

outage, up to 600 tons per day of back

up 02 and up to 100 tons per day of

back-up N2.

Internal liquid pumping of the oxygen

eliminates the need for a dedicated oxy
gen compressor.

Gasification

Preheated feed and oxygen are fed into a Tex

aco gasifier via a feed injector. The reaction

zone operates at around 2,000 to 2,600F and

500 to 850 psig. The primary reaction in the

gasifier reaction zone is partial oxidation, where

hydrocarbons react with oxygen to give carbon

monoxide and hydrogen.

Hot syngas leaving the reaction section passes

through a water quench system and the slag

passes into the quench section (water bath) at
the base of the gasifier. The quench section

cools and saturates the syngas; removes the

small amount of soot which forms during the

gasification reaction; and absorbs water-soluble

byproducts.

Quenched syngas from the gasifier is further

contacted with water in another water scrubbing

system and then enters the base of a carbon

scrubber column that ensures that no particulate

matter passes downstream with the syngas

stream.

Shift Reaction Section

Clean saturated syngas from the syngas scrub

ber is preheated to around 600F in a stand

alone shift preheat furnace. The syngas then

enters the shift reaction section comprised of

two reactor beds in series.

The reaction is highly exothermic resulting in a

large temperature rise across the reactor. The

syngas leaves the first bed at around 800F and

is routed to the feed gas preheater. The syngas

is then further cooled to 700F by direct water

injection before entering the second reactor.

Heat Recovery Section

Several exchangers and knock-out drums are

utilized to optimize waste heat recovery from

the syngas stream exiting the shift reaction sec

tion. The syngas exiting the second shift reactor

is used to produce 165 psia and 65 psia satu

rated steam. After the condensate is separated,

the syngas is further cooled before it is sent to

another separator for condensate removal.

C02 Recovery Section

The C02 recovery unit is based on BASF's

MDEA process. Syngas leaving the final sepa

rator is split, with part of the stream entering an

absorber column, with the remaining syngas

bypassing the C02 recovery unit. In the ab

sorber, the C02 and H2S in the syngas are ad

sorbed by the amine flowing through two packed

beds. Sweet syngas leaving the absorber is

mixed with the bypassed syngas stream and

routed to the Pressure Swing Adsorption (PSA)
section for hydrogen recovery.

Hydrogen Recovery and Purification

The syngas stream flows to a suction knock-out

drum to collect condensate from piping heat

losses and minimize the amount of liquid water

entrained into the PSA. The unit has a design

H2 recovery of 90 percent and product purity of

99.5 mole percent. Hydrogen product from the

PSA unit is routed through filters and coalescers

to remove any adsorbent dust and is then com

pressed for delivery to the refinery.

Current Status and Future Activities

BP Amoco and BOC have approved the project

and funding. Detailed engineering design by
Kvaemer Process Melbourne, to be finished by
the end of 1999, is proceeding in parallel with

construction activities, with mechanical comple

tion expected by mid- 2000 followed by startup
in September 2000.
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INTERNATIONAL

EPRI SEES GASIFICATION BEING USED

FOR AVARIETY OF FEEDSTOCKS

The effects of deregulation and the continued

pressure for reduction of all air emissions from

powerplants and other industrial facilities are

favorable for growth in gasification-based

plants. Several major new projects were an

nounced in 1999 and according to N. Holt of

EPRI (Electric Power Research Institute), there

are new projects in the pipeline for the gasifica

tion of a wide variety of feedstocks petroleum

residuals, biomass, wastes and coal. He re

viewed some of these new opportunities in his

presentation at the 1999 Gasification Technolo

gies Conference held in San Francisco, Califor

nia, last October.

Petroleum Residuals

The majority of new gasification projects an

nounced in 1999 and in the near- to mid-term

development pipeline are based on petroleum

residuals.

The Shell refinery at Pemis, The Netherlands,
added a hydrocracker and the gasification units

provide syngas for power, steam and hydrogen.

The three Integrated Gasification Combined-

Cycle (IGCC) projects at the Italian refineries

Api-Falconara, ISAB and Sartuxand the more

recently announced projects in Normandy,

France, by Total, EDF and Texaco, and the

project near Bilbao, Spain, by Repsol, Iberdrola

and Texaco, are also of a similar polygeneration

nature. They are all based on the use of liquid

petroleum heavy oils or pitches such as vacuum

residue, visbreaker residues and deasphalter

bottoms.

There are several petroleum coke gasification

projects under way in the United States at

El Dorado and Farmland in Kansas, Exxon in

Baytown, Texas, and the Motiva project in

Delaware. Petroleum coke has also been used

for many years in the Texaco gasifiers at Ube

Ammonia in Japan. It also constitutes

50 percent of the feedstock to the PRENFLO

gasifier at the ELCOGAS PuertoUano IGCC

plant in Spain.

Several other petroleum coke-based gasification

projects are being considered at the large coke

producing refineries particularly in the Texas-

Louisiana area where the heavy oil producing

countries (Mexico, Venezuela and Saudi Arabia)
have partial refinery ownership or special crude

oil supply arrangements.

In the 1990s both Texaco and Shell have li

censed heavy oil gasification units in China for

ammonia, hydrogen, methanol and oxo-

chemicals production. More recently IGCC

polygeneration projects have been announced

by Exxon and Texaco-MG in Singapore and by
Nippon Oil in Japan based on ethylene plant

cracker residue (Exxon) and petroleum heavy
residual oils.

Additional projects are being considered in the

Asia-Pacific region based on petroleum residu

als. These include IGCC polygeneration at

coastal refineries or petrochemical complexes in

China, India, Taiwan and Australia. Other refin

eries in Europe are also considering such proj

ects.

Biomass/Wastes

The incentive for gasification of biomass is gen

erally attributed to the potential for much higher

power generation efficiency with biomass IGCC

than can be accomplished with direct combus

tion boilers and steam turbines in the smaller

size range appropriate for dedicated biomass

projects. Because ofthe nature of biomass, and

the economics and logistics of its gathering and

supply, such projects are generally considered

in the much smaller 10- to 60-megawatt size

range rather than the 250- to 330-megawatt (or

larger) coal-based IGCC plants or other coal-

fired units. There are a number of biomass

gasification projects active in the United States

and Europe. Most of these are based on the

use of fluidized-bed gasification technologies.
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Biomass IGCC

The pioneer biomass IGCC project at Vamamo

in Sweden (6 megawatts-electric [MWJ +

9 megawatts-thermal [MWth]) has now accumu

lated many hours of operating experience. This

project uses a pressurized-fluid bed gasifier

supplied by FosterWheeler.

Several other biomass IGCC projects, all based

on atmospheric fluid bed gasifiers, are in con

struction or planned.

The Energy Farm (Bioelectrica) project near

Pisa, Italy, will feature an atmospheric air-blown
Lurgi Circulating Fluid Bed (CFB) gasifier rated
at 41 MW^ coupled to a heavy duty 10.9-MWe
gas turbine from Nuovo Pignone and a Heat

Recovery Steam Generator (HRSG) to provide

steam to a condensing steam turbine of 5 MWe.

The design fuel is short-rotation copse wood.

The project is now in detailed design and it is

anticipated that the plant will be commissioned

in late 2000.

The ARBRE project in the United Kingdom is a

joint venture of Yorkshire Water and

TPS Termiska Processor AB of Sweden. From

1993-1997 TPS conducted many CFB gasifica

tion tests on various woods and wood residues

and has developed a second CFB for the cata

lytic cracking of tars in the raw gas. The project

is to be located in Eggborough in North York

shire. An 8-MWe IGCC plant using
short-

rotation copse feedstock is planned for commis

sioning in 2000 using an Alstom Typhoon gas

turbine.

The TPS atmospheric CFB gasifier has also

been selected for a Biomass-Gasification - Gas-

Turbine (BIG-GT) project in Brazil. A 30-MWe
project has been proposed using a

GE LM2500 gas turbine. The GEF supported

the engineering phase of the project and is

evaluating the financial arrangements for the

construction phase.

Parallel Gasification

There are also several biomass gasification

projects in Europe in which the product gas from

atmospheric fluid bed gasification of biomass

and wastes is cofired in existing boilers. This

approach has the advantage that it avoids hav

ing to build a completely dedicated biomass

powerplant. It also has the advantages that the

biomass energy is used in a more efficient

steam cycle and that, unlike the IGCC applica

tion, no predrying ofthe fuel is required.

A project of this type was undertaken with

Lahden Lampovoima Oy at a coal-fired com

bined-heat and power plant in Lahti, Finland,

started up in 1998. The initial operations have

been successful. (See article elsewhere in this

issue.)

A project is planned by EPZ in The Netherlands

at their coal-fired cogeneration unit Amercen-

trale 9 that has a net production of 600 MWe
and 350 MWth heat. An 85-MWth Lurgi CFB

gasifier with downstream gas purification for

removal of HCI and ammonia is under construc

tion. The feedstock is demolition wood. The

gasifier is due to start up in early 2000.

There is a third project (BIOCOCOMB) in Aus

tria at Daurkraft's Zeltweg 137-MWe powerplant

with a 10-MWth CFB gasifier supplied by Aus

trian Energy. The biomass substitutes for ap

proximately 3 percent ofthe coal input.

There is also a waste-fueled generation plant in

Greve-in-Chianti, Italy. This plant has a capac

ity of 200 tonnes per day of Refuse-Derived

Fuel (RDF) pellets and comprises two TPS CFB

gasifiers each of 15 MW^ capacity operating at

close to atmospheric pressure. This plant was

commissioned in 1992.

Cogasification ofWastes

Several kinds ofwastes can be briquetted either

on their own or with coal. This is currently prac

ticed at SVZ in Germany where the briquettes

are fed to Lurgi dry ash moving bed gasifiers.

A similar approach is planned for the Global

Energy IGCC projects in Fife, Scotland, and in

Kentucky, USA. In these projects briquettes of

coal and wastes will be gasified in British

Gas/Lurgi (BGL) slagging gasifiers.
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Forest Products Industry

One of the major potential markets for biomass

gasification is with the pulp and paper (forest

products) industries where the biomass (wood)
is already gathered to a central location for

processing so that no additional fuel transporta

tion costs need be attributed to the biomass.

The two applications that seem to be most wor

thy of further consideration are (1) fluid bed

gasification of tree bark, trimmings, foliage and

branches (to the extent that they are not re

quired for replenishment of the forest floor) and

(2) entrained-flow gasification of the black liq
uor.

Metallurgical Industries

There is increasing pressure to eliminate the

emissions from coal-based coke ovens in the

United States and OECD countries. The use of

syngas for the direct reduction of iron ore (and

other metallurgical ores) can eliminate the need

for blast furnace coke.

Coal

Although there are several coal-based IGCC

projects planned in various countries, currently
all of them will require some kind of subsidy if

they are to proceed to construction and opera

tion.

In the United States the Global Energy project in

Kentucky has already been mentioned. This

project may also consider the coproduction of

Fischer-Tropsch liquid fuel products.

In the United Kingdom, projects have been pro

posed by RJB/National Power, Mitsui-Babcock

and British Nuclear Fuels. A new IGCC plant

using the HTWinkler fluid bed process with coal

fines has been proposed at the Vresova town

gas plant site in the Czech Republic. In Sar

dinia an IGCC project is still under consideration

based on the use of the Sulcis coal mixed with

imported coal.

In Japan a decision is upcoming on whether to

proceed with a 300-MW IGCC based on the

Mitsubishi-designed gasifier that was demon

strated previously at Nakoso. In South Korea

there is also a plan for a coal-based IGCC to

come on-line about 2005.

In China the State Power Corporation has sub

mitted a proposal to the State Planning Com

mission for a 400-MW project at Yantai, Shan

dong Province. Other IGCC projects are also

being discussed for China. If the Yantai project

is successful then it can be reasonably expected

that IGCC could start to be commercially de

ployed after 2010.

According to Holt, in the longer timeframe the

greatest opportunity for IGCC is one analogous

to that currently being used in the petroleum

refineries namely that of coproduction of

power, steam, syngas and hydrogen. However,
for the next 20 years or so the bulk of our trans

portation fuels and chemicals will come from

petroleum refineries and later from remote natu

ral Gas-To-Liquids (GTL) plants. Coal-based

plants with current state-of-the-art technology
will find it hard to compete until oil and gas

prices rise to about the $4 per gigajoule level.

The once-through GTL technology will be im

portant to help establish the use of coal IGCC

for these liquid fuel and chemicals markets.
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COMING EVENTS

2000

January 9-13, Washington, D.C.
79th

Annual Meeting of the Transportation Research Board,

phone 301 694 5243

January 22-26, Denver, ColoradoChina and East Asia Mineral and Energy Resources Symposium,
phone 303 771 2000

January 24-28, Geneva, SwitzerlandWorld Clean Energy Conference, fax 0041 1 463 0252

January 31-February 1, Calgary, Alberta, CanadaCanadian Energy Research Institute's World of Oil,

phone 403 220 2380

January 31-February 1, Washington, D.C.Energy Industry Outlook 2000, phone 888 828 3997

February 1-3, Villahermosa, Mexico Society of Petroleum Engineers International Petroleum

Conference, phone 972 952 9353

February 7-9, San Diego, CaliforniaClean Fuels 2000, phone 207 781 9800

February 14-17, New Orleans, Louisiana Energy Resources Technology Symposium,
phone 281 493 3491

February 23-24, London, EnglandHealth Effects ofVehicle Emissions, fax 44 (0) 1628 671 720

February 28-29, CalgaryAlberta, Canada Canadian Energy Research Institute's North American

Natural Gas Conference, phone 403 282 1231

February 28-March 1 , Salt Lake City, Utah Society for Mining, Metallurgy and Exploration Annual

Meeting, phone 303 973 9550

February 29-March 2, Tysons Comer, Virginia National Hydrogen Association Annual Meeting,
phone 202 223 5547

March 5-9, Atlanta, GeorgiaAmerican Institute of Chemical Engineers Spring National Meeting,
phone 800 242 4363, international phone 212 591 8100

March 6-9, Clearwater, Florida
25th

International Technical Conference on Coal Utilization and Fuel

Systems, phone 301 294 6080

March 22-24, San Francisco, California National Conference on Ethanol Policy and Marketing,
phone 719 942 4353

March 26-28, San Antonio, Texas National Petroleum Refiners Association Annual Meeting,
website: www.npradc.org

March 26-31 , Anaheim, CaliforniaAmerican Chemical Society National Meeting, phone 202 872 4396

April 3-5, Tulsa, Oklahoma SPE/DOE
12th

Symposium on Improved Oil Recovery, phone 918 586 7275

April 11-13, Amsterdam, The Netherlands Gasification for the Future, phone 44 (0) 1788 578214
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COMING EVENTS

April 25-28, Boston, Massachusetts
11th

GlobalWarming International Conference, fax 630 910 1561

June 5-9, Sevilla, Spain World Conference on Biomass for Energy and Industry,

phone 39 055 500 2174

June 6-9, Nice, France
21st

World Gas Conference, fax 33 1 42 27 49 43

June 11-15, Beijing, China
13th

World Hydrogen Energy Conference, phone (86-100) 6218 0145

June, 11-15, Calgary, Alberta, Canada
16th

World Petroleum Congress, phone 403 218 2000

July 1-7, Brighton, EnglandWorld Renewable Energy Congress VI, fax 44 1189 611 365

July 10-14, Lucerne, SwitzerlandFuel Cell 2000, fax 4156 496 4412

August 13-16, Caims, Queensland, AustraliaFifth International Conference on Greenhouse Gas

Control Technologies, fax 61 2 9490 8819

August 20-25, Washington, D.C.American Chemical Society National Meeting, phone 202 872 4396

September 6-7, Fort McMurray, Alberta, CanadaFort McMurray Oil Sands Trade Show,

phone 403 244 6540

September 20-22, Bangkok, Thailand Power-Gen Asia, phone 713 963 6287

September 27-29, Dresden, GermanyDGMK Conference on Synthesis Gas Chemistry,

website: www.dgmk.de

October 1-4, Dallas, TexasSociety of Petroleum Engineers Annual Meeting, phone 972 952 9393

October 30-November 2, Portland, Oregon Fuel Cell 2000, phone 202 973 8671

November 12-17, Los Angeles, CaliforniaAmerican Institute of Chemical Engineers Annual Meeting,

website: www.aiche. org

November 14-16, Orlando, Florida Power-Gen International, fax 44 1708 379 344

November 14-17, Houston, TexasGastech 2000,
19th

International Conference for the LNG, LPG and

Natural Gas Industries

November 15-17, VenezuelaVenezuela Oil and Gas 2000, phone 713 499 6304

2001

June 17-21, Girdwood, Alaska Sixth Natural Gas Conversion Symposium, phone 703 522 1324

November 5-8, Amsterdam, The Netherlands2001 International Gas Research Conference,
phone 773 399 8300
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OIL SHALE

PROJECT ACTIVITIES

STUART FULL-PRODUCTION

COMMISSIONING DELAYED 6 MONTHS

Hot Commissioning operations resumed at the

Stuart Project in Queensland, Australia, in

November.

Suncor, the operator, conducted 6 weeks of

extensive studies, following a malfunction of the

shale dryer that occurred on October 2, 1999.

These studies involved additional technical

experts from Suncor, Southern Pacific

Petroleum/Central Pacific Minerals, Bechtel (the

contractor) and other external parties.

The work during those 6 weeks confirmed that

there was no serious physical damage to the

plant during the recent malfunction. These

studies resulted in a series of recommendations

for the safe and effective resumption of

operations. In line with these recommendations,

Suncor made modifications to improve

equipment reliability and implemented changes

to commissioning and operational procedures.

None of these changes required any material

capital expenditure.

Commissioning recommenced on November 15,

subsequent to the completion of the 6-week

review program.

In this latest commissioning run, the plant was

heated up and ran mainly on inert material for

approximately 1 week, which permitted testing
of various improvements to procedures and

equipment. Shale was introduced on

November 23, and after inert feed was

displaced, shale feed was increased to

160 tonnes per hour, equivalent to 60 percent of

capacity.

The run successfully demonstrated a number of

improvements made during the detailed review

process. These improvements included

changes to the materials handling and dust

collection system, and to the reliability and

operability of the oil processing and recovery

sections. The run extended for 30 hours with

the plant operating within environmental

parameters for nitrogen and sulfur oxides and

particulates, except for one brief period when

limits on particulates were exceeded. The

amount of product produced demonstrated

expected yields and both the raw naphtha and

medium shale oil were close to specifications

although further commissioning and operational

running is required to confirm these results. The

operator voluntarily ended the run after odor

emissions were reported from the neighboring

community, Targinnie, about 3 kilometers away.

Investigations into the cause and composition of

air emissions have been intensified following

this run. This work has involved the

Queensland Department of Mines and Energy

(DME), who implemented an Environmental

Protection Order requiring certain clarifications

and studies into air emissions, after the run.

The operator is in the process of implementing

those requirements that are necessary before

recommencing commissioning. This includes a

significant air emissions analysis program,

which continued throughout the Christmas/New

Year shut-down period. In addition, a
longer-

term work program into air emissions,

characterization for the DME, has commenced.

The companies understand that the next run will

be designed solely for the purpose of gathering

more detailed data on plant air emissions. This

will enable better identification of the source and

nature of the emissions and allow adjustments

to the process. This test program will be

complemented by studies that will be

undertaken off-site. Satisfactory analysis of

emissions and, if necessary, any plan

modifications will be completed before any

further commissioning run is undertaken.

During and following the latest run, the operator

worked closely with the Targinnie community on

air emissions and dust issues. In addition to the

work with the Targinnie community, the operator

has also taken the opportunity to make some

preplanned equipment modifications to improve

environmental performance and to conduct

maintenance programs.
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While the companies say they are encouraged

with the improved technical performance of the

Stuart Stage 1 plant that was demonstrated in

the latest run, they recognize that the emissions

performance was not satisfactory. The need

has been shown for additional work in a number

of areas. While it is premature to predict the

outcome of the current investigations and

commissioning work, the companies are hopeful

of the plant attaining reliable production around

mid-2000. It will not be until the completion of

the odor emission investigations, that the

operator will develop a revised program for

reliable oil production.

UNOCAL SHALE OIL PLANT CONVERTED

TO NAHCOLITE PRODUCTION

On the Colorado Western Slope, the area's

largest new industrial project is taking shape on

a rise north of the Town of Parachute.

American Soda's $250-million nahcolite mining
project cleared one of its last preproduction

environmental hurdles in December when the

United States Bureau of Land Management

gave final approval to the company to begin

building mining facilities in the Piceance Basin

that will be connected to this plant by a 44-mile-

long pipeline.

American Soda plans to mine the world's largest

natural deposit of nahcolite and pipe it

underground to the processing site at the old

Unocal shale oil upgrading plant.

American Soda has been refurbishing the

1,000-acre plant site since last May, but has

been working through various environmental

and bureaucratic approval processes for more

than 2 years. The permits have been delayed

by citizen concerns and appeals from

environmentalists and competitors in the soda

ash industry. Opponents of the project fear the

mining project could contaminate aquifers and

disturb the vast oil shale resources in the

Piceance Basin.

"Now we get to go prove they should not have
concerns,"

said American Soda president

K. Nielsen. "We are probably the most

environmentally benign mining project in the

United
States."

American Soda plans to produce 800,000 tons

of soda ash and 150,000 tons of sodium

bicarbonate annually that will be sold to markets

around the world for use in everything from

baking soda and Nutrasweet to livestock feed,

glass and detergents.

The nahcolite will be extracted from oil shale

beds by injecting hot water into 2,200-foot-deep
wells. The dissolved soda will then be pumped

to the Parachute plant, where it will be boiled,

dried, filtered, spun and stored in silos that each

hold up to 4,500 tons of bicarbonate or soda

ash. It will then be loaded onto rail cars on

tracks that run alongside the plant.

When the plant is in full production, about

1 ,000 tons of soda are expected to move from

the plant every hour.

Nielsen said nearly a dozen contractors about

600 employees in allwill be working around

the clock to lay the pipeline and build the mine.

Production is planned to begin in

November 2000. The plant is hurrying to meet

promises to deliver to product buyers in 2001 .

Ponds that will hold the brine that is the only
byproduct in nahcolite processing have been

fenced and covered with net to protect wildlife.

American Soda still needs a permit from the

United States Environmental Protection Agency
before it can begin drilling wells.

2-2
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CORPORATIONS

U.S. ENERGY FIRM NRG SET TO ACQUIRE

SHARE OF ESTONIAN SHALE-FIRED

POWERPLANTS

As of December 1999, United States power

giant NRG Energy Inc. said Its plans to acquire

a 49 percent ownership of two Estonian

powerplants, and through them a piece of an oil

shale mining operation, were on track. NRG's

Estonian representative, H. Lauri, said the key
issue of price had still not been settled but he

did not see it as sinking the deal, which has

been 3 years in the making. Negotiations were

in their final phase in December. The Estonian

Government will keep 51 percent of the plants,

located in the Northeastern City of Narva and

which produce the majority of Estonia's

electricity.

Talks with the previous government dragged on

for 3 years and were delayed further last July by
a decision to make the state oil shale firm Eesti

Polekivi, a 51 percent owned subsidiary of the

powerplants, a part of the deal. Despite the

delays, NRG said that it still finds the deal

attractive, even with the changes to Estonia's

investment that have taken place during that

time.

The biggest changes are associated with

Estonia's bid to join the European Union (EU)

after being placed in its fast-track of candidates

in 1997. Costs are going to rise. There are

social costs, and new environmental fees are

imposed every year in some cases doubling as

they come into line with EU and international

standards. On the other hand, Estonia will be

part of the EU and that enlarges the market

because the EU is interested in getting the

Baltic Energy Ring built.

Estonia, currently in detailed accession talks

with the EU, has said it will be ready for

membership by 2003. NRG said the
plants'

operations would be oriented to the Estonian

market for now but NRG would watch for export

opportunities. Neighboring Lithuania's expected

2005 decommissioning deadline for the first of

two nuclear reactors at its Ignalina plant is seen

as the first market opportunity for Estonian

electricity. Finland, Russia and Lithuania have

surplus capacity.
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STATUS OF OIL SHALE PROJECTS

COMMERCIALAND R&D PROJECTS (Underline denotes changes since January 1999)

ALBERTATACIUK PROCESSORTECHNOLOGY - AlbertaDepartmentofEnergy andTheUMAGroup Ltd (S-20)

UMATAC Industrial Processes (UMATAC) ofCalgary, Canada, developed the Alberta Taciuk Process (ATP) technology which is a patented,

unique, thermal desorption system for separating and extractingwater and organics from host solids. Itwas developed as a dry, thermal process to

produce oil from natural resource oil sands and oil shales.

The technology is owned by the Alberta Department ofEnergy (DOE) Research Division, which funded the development since 1977, investing

approximately $25 milhon. UMATAC is the developer and supplier, and also the licensee for use ofthe ATP System

The ATP is applied commercially as a new technologyto produce oil from oil shale in Queensland, Australia. A 4,500-barrel per day production

capacity plant began commissioning in 1999 which employs a 250-ton per hour feed capacity ATP processor to extract hydrocarbons from the

mined shale. Secondary processes condense the vapors and condition the oil tomarket standards.

The processor is a rotary kiln-type vessel inwhich the continuous flow feed shale is heated and retorted at approximately 550C. The size ofthe

cylindrical unit is 8meters in diameterby 60meters long

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

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, which was

constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron Research Company's Staged

Turbulent Bed (STB) retort process. Information obtained from the semi-works project would allow Chevron and Conoco to proceed with

developing a commercial shale oil operation in the futurewhen economic conditions so dictate.

Chevron and Conoco have participated with Lawrence UvermoreNational Laboratory (LLNL), DOE and other industrial parties in LLNL's Hot

Recycled Solids oil shale process. Information obtained from this project may result in refinements to the STB process. However, the LLNL

project was terminated in 1995 due to lack offederal funding

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. In 1999 Chevron successfully defended its shale oil water rights against claims bv the Northern Colorado Water Conservancy

District that those rights should be cancelled. The Colorado Supreme Court affirmed a Water Court ruling that Chevron had been diligent in

developing its water rights. The Supreme Court also affirmed theWater Court's interpretation ofa Colorado statute which states, in effect that

current economic conditions for an industry, in and ofthemselves, cannot be used to deny awater rights diligence application.

ProjectCost Semi-Works - Estimated at $130million

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

Southern Pacific Petroleum N.L and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 ofthe Condor Oil

Shale Joint Feasibility Study. SPP/CPM believe that the results ofthe study support a conclusion that a development ofthe Condor oil shale

depositwould 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 ofthe Japan National Oil Corporation and 40 major Japanese companies. 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 ofalternatives considered, a project configuration producing 26.7milhon barrels per year ofsweet shale oil gave the best economic

conclusions. The study indicated that such a plant would have involved a capital cost ofUS$2300million and an annual average operating cost

ofUS$265milhon at full production, before tax and royalty. (All figures are based onmid-1983 dollars.) Such a project was estimate 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 drillingprogram determined that the Condormain oil shale seam contains at least 8,100milhon barrels ofoil in shu,measured at

a cut-offgrade of50 liters per ton on a dry basis. The case study projectwould utilize only 600milhon barrels, over a nominal 32 year life. The
deposit is amenable to open pitmining by large face shovels, feeding to trucks and in-ph breakers, and then by conveyor to surface stockpiles.
Spent shale is returned by conveyor initially to surface dumps, and later back into thepit

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. Pilotplant testing ofCondor oil shale indicated promising results from the
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STATUSOFOIL SHALEPROJECTS (Underline denotes changes since January 1999)

COMMERCIALANDR&D PROJECTS (Continued)

"fines"

process owned by Lurgi GmbH ofFrankfurt, West Germany. Their proposal envisages four retortmodules, each processing 50,000
tons

per day ofshale, to give a total capacity of200,000 tons per day and a sweet shale oil output, after upgrading, of82,100
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

upgradingplants are incorporated into the project design.

All aspects of infrastructure supporting such a projectwere studied, includingwater and power supplies, work force accommodation, community

services and product transportation. A 110 kilometer pipeline to the port ofMackay is favored for transfer ofproduct oil from the plant site to

marine tankers. The study indicated that therewere no foreseeable infrastructure or environmental issueswhich
would impede development

Market studies suggested that refiners in both Australia and Japan would place a premium on Condor shale oil ofabout US$4 per barrel over

Arabian Light crude. Average cash operating cost at full production was estimated at US$20 per barrel of
which more than US$9 per barrel

represents corporation taxes and royalty.

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). JOSECO is a

separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and developing 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 satisfactorily in the

pilotunit

m 1988 SPP/CPM began studies to assess the feasibility ofestablishing a semi-commercial demonstration retorting plant at Condor similar to that

being designed for the Stuart deposit Samples ofCondor shale were shipped to Canada for testing in the Taciuk process.

ProjectCost $2.3 billion (mid-1983 U.S. dollars)

DOTTERNHAUSEN OIL SHALE FLUIDIZED BED COMBUTION - 0m*nY fS-fiS)

In Dotternhausen. Germany, a commercial fluidized bed boiler consuming 700 tons ofoil shale per day has been operated by the Dotternhausen

Rohrbach Cement Factory since the 1950s. Oil shale sized to less than 7millimeterswith a calorific value ofabout 3.700 kilojoules per kilogram

is used. The retention time ofshale in the fluidized bed, with 1 meter height and temperature of810"C. is about 1 5 minutes. The steam produced

from the boiler is used for generating electric power for the factory use. The shale ash, exiting from the boiler, at high temperature with a high

content ofcalcium oxide, is used directly for cement production, thus forminga unique, comprehensive utilization ofoil shale.

ESPERANCEOIL SHALE PROJECT - EsperanceMinerals NL andGreenvaleMiningNL (S-70)

In 1991 Esperance Minerals and Greenvale Mining announced they are planning to produce 200,000 tons per year of
"asphahine"

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 milhon barrels ofreserves, but the shale in this deposit has a high yield of 88 to 132 gallons ofoil per ton of

shale.

Astudy completed in February 1995 indicates that the Alpha torbanite deposit containing torbanite and carmel coal, can be used to produce a

bitumen product mix with secondary fractions of gasoline, kerosene, heavier oils and activated carbon. A 10-year mining program has been

proposed using200,000 tonnes oftheAlpha resource per year. Mining costs are projected to range from $14 per tonne in the first year to $28 per

tonne in the tenth year.

During 1996 the Alpha Exploration Licensewas converted into aMineral DevelopmentLicense.

ESTONIA POWERPLANTS - Estonian Republic (S-80)

Two oil shale-fiieled powerplants, the Baltic with a capacity of 1,435 megawatts and the Estonian with a capacity of 1,600megawatts, are in

operation in the Estonia. Thesewere the first oftheir kind to be put into operafion,eachwfe^^malefl^ency_of^|_EereCTt

About 95 percent ofthe oil shale output from the former USSR comes from Estonia and the Leningrad districts ofRussia. Halfofthe extracted

oil shale comes from surfacemines, the otherhalffrom underground workings. Each ofthe nine undergroundmines outputs 3,000 to 17,000 tons

per day; each ofthe surface mines outputs 8,000 to 14,000 tons per day.
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STATUS OFOIL SHALEPROJECTS (Underline denotes changes since January 1999)

COMMERCIALAND R&D PROJECTS (Continued)

Exploitation ofkukersite (Baltic oil shale) resources was begun by the Estonian government in 1918. In 1980, annual production ofoil shale in

theUSSR reached 37milhon tons ofwhich 36 milhon tons came from the Baltic region. Recovered energy from oil shale was equivalent to the

energy in 49milhon barrels ofoil. 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 milhon tons. In 1993, annual production of oil shale in Estonia was 16.5 milhon tons. About

10milhon tons were extracted from six underground mines and about 9milhon tons from three open pH mines. The annual output from the

underground mines ranged from 600,000 to 4.3 milhon tons, while the cutout from the surface mines ranged from 2.0 to 4.3 milhon tons. The

recovered energy from this oil shale was the energy equivalent of25 milhon barrels ofoil. In 1998. annual production ofoil shale in Estonia was

about 14milhon tons.

More than 60 percent ofEstonia's thermal energy demand ismet by the use ofoil shale.

Due to the high contents ofcalcium chloride and calcium sulfate in the power plant boiler flue gas, the heat pipes in the boiler are easily corroded:

the maintenance and replacement costs are high Also, the high content of dust exiting in the flue gas causes serious atmospheric pollution.

However, the power production cost is considerably lower than that resulting from using imported fuels.

Pulverized oil shale ash is beingused in the cement industry and for acid soilmelioration.

During 1999NRG Energy, ownedbyNorthern States Power Company, continued negotiations to purchase the powerplants from the government

ofEstonia.

FUSHUN BUREAUOFMINESOIL SHALERETORTING PLANT - Fushun Bureau ofMines, Fushun, China (S-90)

A new oil shale retorting plant under the Fushun Bureau ofMines was established in 1994, with 60 retorts, each processing 100 tons ofoil shale

per day. Sixty thousand tons of shale oil were produced annually. About 30 tons ofoil shale is used to produce 1 ton ofshale oil. The plant is

reported to be profitable, due to very low cost of oil shale open-pit mined by Fushun Bureau ofMines. A large part ofthe shale oil is sold as

heavyUquid fuel; some is used for production ofcarbon black in the Fushun Petrochemical Corporation plant

In 1998, 20 more Fushun-type retorts were built The shale oil production capacity is now 90,000 tons per year, however actual production of

shale oil amounted to about 35,000 tons in 1998, and about 60.000 tons in 1999.

FUSHUN PETROCHEMICAL CORPORATION OIL SHALE RETORTING PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun,

China (S-91)

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 oftotal oil production in China.

At Fushun, oil shale overlies a coal bedwhich is beingmined. Because the oil shale mustbe stripped in order to reach the coal, it is economical to

retort the shale even though it is oflow grade. FischerAssay yield is about 5.5 percent oil, on average.

The oil shale plant operated under the Fushun Petrochemical Corporation has been shut down since 1994 due to the high operation cost

HUADIANOIL SHALE POWER PLANT - Huadian Cfty. Jilin Province. China (S-100^

The Huadian oil shale deposits, located near Huadian City. Jilin Province, to the southeast of the provincial capital. Chanchun. include

Gonglongtou. Dachengzi. Beitaizi. and Jjngguzj mines. The formation thickness is 65 to 244meters, with 6 to 26 layers of oil shale, among

which 6 to 13 layers are recoverable. The total oil shale reserves in Huadian amount to 1.3 billion tons, the Fischer Assay yield being 6 to

22 percent Oil shale undergroundmining began in 1943 for retorting and stopped in 1961 due to the high production costs ofshale oil. In the

1990s, two mining shafts in Gonglongtou District have been operated, with the production of oil shale at 245.000 tons in 1999. The oil shale

mined is used as a solid fuel for the Huadian Oil Shale Power Plant

JORDANOIL SHALE PROJECT - Natural Resources AuthorityofJordan (S-l 10)

Jordan's oil shale deposits are the country's major hydrocarbon resource. Near-surface deposits ofCretaceous oil shale in the Iribid, Karak, and
Ma'an districts contain an estimated 44million barrels ofoil 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 investigatedjointlywith China the applicabilityofa Fushun-type plant to process 200 tons per day ofoil shale. Atest shipment of
1,200 tons ofJordanian shalewas sent to China for retort testing. Itwas successfully processed in the Fushun retortwith an oil yield of84 percent

ofFischerAssay. However, itwas found that the shale oil obtained contains sulfur compounds in concentrations as high as 9 percent
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STATUS OFOIL SHALEPROJECTS (Underline denotes changes since January 1999)

COMMERCIALANDR&DPROJECTS (Continued)

Large-scale combustion tests have been carried out atKloeckner inWest Germany and in New Brunswick, Canada. A consortium ofLurgi and

Kloeckner completed in 1988 a study concerning a 50,000 barrel per day shale oil plant operating on El Lajjun oil
shale. Pilot plant retorting

tests were performed in Lurgi's LR pilot plant in Frankfurt, Germany. The final results showed a required sales revenue of
$19.10 per barrel in

order to generate an internal rate ofreturn on total investment of10 percent Themean value ofthe petroleum products exEl Lajjun complexwas

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

investmentof 10 percent

Direct combustion ofthe Jordan oil shale appears to be more economically viable than the production of shale oil
at $22 to $25 per barrel. In

1995 it was reported that negotiations are being carried out with American and Australian multinational corporations to develop a direct

combustion project

JWBAKEROGENOILVALUE ENHANCEMENTVENTURE - J.W. Bunger& Associates, Inc. (JWBA) (S-l15)

Kerogen oil is the liquid produced from oil shale used as a feedstock for sr*ecialty chemicals ramer than upgrading and refm^

Kerogen oil produced from Western U.S. Green River Formation contains high concentrations of potentially valuable products-particulariy

nitrogen compoundspyridines, pyrroles, and their benzologs which possess market values of $1,000 per barrel or more. JWBA estimates that

10 percent of the raw kerogen oh could be manufactured into products commanding these values and is planning a venture for commercial

production ofthese value-added products. Funding from the DOE, Occidental Oil Shale Company, the State ofUtah, and internal sources have

been received to pursue technology and product development ofthe value-added products.

Economic projections show that a $18 per barrel transfer price for raw shale oil could be paid by a value-added venture, creating an economic

incentive for the production ofthe raw kerogen oil. The venture plans to purchase 3,000 barrels/day ofraw kerogen oil and produce a suite of

marketable products averaging at least $36 perbarrel A25 percent JRR is projected on a $53 milhon investment

A business plan has been developed and a consortium of interested parties is being assembled. This consortium includesmanufacturers, product

customers, engineering firms, natural resource holders, and financial interests.

The proposed schedule involves venture planning pre-commercial activities and plant construction. The $1.93 milhon planning study will

continue throughmid-1996 and will include technical and market assurances ofthe conceptual plant The $10 milhon pre-commercial activities

will be completed within 3 years after the completion of the research program. Commercial production is anticipated to begin two years

following.

KJVITER PROCESS - EstonianRepublic (S-120)

Themajorityofoil shale (kukersite) found in Estonia is used for power generation. However, 23 to 2.6milhon tons annually have been retorted

to produce shale oil and gas. The Kivfterprocess, continuous operatingvertical retorts with crosscurrent flow ofheat carrier gas and traditionally
referred to as generators, is predominantly used in commercial operation. The retorts have been automated, and have throughput rates of200 to

220 tons ofshale per day. Retorting is performed in a single retorting (semi-coking) chamber. In the generators, low temperature carbonization

ofkukersite yields 75 to 80 percent ofFischer assay oil. The yield of low calorific gas (3350 to 4,200 KJ/cubicmeter) is 450 to 500 cubic meters

per ton ofshale.

To meet the needs of re-equipping ofthe oil shale processing industry, a new generator was developed. The first 1,000 ton-per-day (TPD)
generator of this type was constructed at Kohtla-Jarve, Estonia and placed in operation in 1981. The new retort employs the concept of

crosscurrent flow ofheat carrier gas through the fuel bed, with additional heat added to the semi-coking chamber. A portion ofthe 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 ofthe

retort The use of two parallel chambers provides a larger retorting zone without increasing the thickness of the bed. Additional heating or
gasification occurs in themid-part ofthe 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 ofthe retort is a cooling zone where the spent shale is cooled by
recycle gas and removed from the retort The outside diameter ofthe retort is 9.6 meters, and its height is 21 meters. The oil yield reached

85 percent on Fischer Assay, i.e.. 170 kilograms per ton feed. The operation ofthe 1,000 ton per day generator revealed a problem ofcarry-over

offinely divided solid particleswith oil vapors (about 8 to 10 kilogramsper ton ofshale).

The experience ofthe 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 atKohtla-Jarve. The construction ofan installation comprising four 1,500-ton per day prototype generators with a circular

semicoking chamber started atKohtla-Jarve in 1988. At present however, the construction has been suspended due to investment problems.

Oil from kukersite has a high content ofoxygen 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 contem of8 to 10 grams per cubicmeter. After desulfurization, ft is utilized as a local fuel

for the production ofthermal and electric power.
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STATUS OFOIL SHALEPROJECTS (Underline denotes changes since January 1999)

COMMERCIALAND R&D PROJECTS (Continued)

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

ProjectCost Not disclosed

MAOMING COMMERCIAL SHALEOIL PLANT - Maoming Petroleum Industrial Corporation, SINOPEC,Maoming, China (S-130)

Construction ofthe Maoming processing center began in 1955. Oil shale was mined by open pit means wfth power-driven shovels, and electric

locomotives and dump-cars. Mining rates reached 3.5milhon tons ofoil shale per year. Approximately one-halfwas suitable for retort feed The

FischerAssay ofthe oil shale averages 6.5 percent oil yield.

Two types ofretortwere used: a cylindrical retort wfth a gasification section, and a rectangular gas combustion retort Oil shale throughput was

150 and 185 tons per day per retort, respectively. The facility consisted of two batteries containing a total of 48 rectangular gas combustion

retorts and two batterieswfth a total of64 cylindrical retorts.

Production atMaoming was approximately 100,000 tons ofshale oil per year. Although the crude shale oil was once refined, ft was later sold

directly as fuel oil. The shale ashwas also used inmaking cement and building blocks.

TheMaoming shale oil plant has been shut down since 1994 due to the increased cost ofmining the oil shale.

A 50 megawatt powerplant burning oil shale fines in two fluidized bed boilers has been planned and detailed compositional studies ofthe

Maoming shale oil have been completed. Two boilerswere imported from Finland AhlstromCo. in 1995, butwere notput into operation.

From 1995 to 1998,MaomingCorporation, in cooperation wfth PetroleumUniversity ofChina, conducted field and laboratory tests ofcultivating
plants, fruits, vegetables and trees on shale ashpiles to investigate the toxicity ofthe plants.

Maoming Corporation found a high quality kaolinhe deposit above the oil shale deposit The kaolinhe is mined, washed, screened and sold for

papermaking The yearly production ofkaolinite increased to 40.000 tons in 1999. It is said to be profitable.

MOBIL PARACHUTE SHALE OIL PROJECT - MobU CHI Corporation (S-140)

Mobil has indefinitely deferred development plans for its shale property located on 12,000 acres fivemiles north ofParachute. The United States
Bureau ofLandManagement completed the Environmental Impact Statement for the project in 1986.

MOROCCO OIL SHALE PROJECT - ONAREP (S-150)

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco, including three major deposits at Timahdit Tangier, and
Tarfaya from which the name T3 for the Moroccan oil shale retorting process was derived The T3 process consists of a semi-continuous dual

retorting system inwhich heat from one vessel that is being cooled provides a portion ofthe energy that is required to retort the shale in the second
vessel

In February 1982, the Moroccan Government concluded a $4.5 billion, three phase joint venture contract with Royal Dutch/Shell for the

development ofthe Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant However, the project faced constraints of low oil prices

and the relatively low grade ofoil shale.

Construction ofa pilot plant at Timahditwas completed wfth funding from theWorld 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 rjreliminary test produced over 25 barrels ofshale
oil and proved the fundamental process feasibility ofthe 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 T3 process developed jointly by Science Applications, Inc.,
and the OfficeNational de Recherche et d'Exploftation Petrolieres (ONAREP) ofMorocco.

The design of a demonstration plant which will have an initial output of 280 barrels per day, rising to 7,800 barrels per day when full scale
commercial production begins, has been deferred.

The viability ofa 50,000 barrel per day plant thatwould process 60milhon tonnes ofshale is under examination. ONAREP expects the cost of

development to be around $24-25 a barrel

It was reported in 1995 that Morocco has signed an agreement wfth Israel to conduct studies at the PAMA project (see S-270) to convert

Moroccan oil shale into electrical power because ofthe projected cost of producing shale oil from Moroccan oil shale. One hundred tons of

Moroccan oil shale will be used for this study.

Project Cost $2.5 billion (estimated)
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COMMERCIALAND R&DPROJECTS (Continued)

NEW PARAHOASPHALT FROM SHALE OIL PROJECT-NewParaho Corporation (S-155)

New Paraho Corporation (NPCO) is a wholly owned subsidiary ofEnergy Resources Technology Land, Inc. NPCO had plans to develop a

commercial process formaking shde-oil-modified road asphalt Researchers atWestern Research Institute (WRI) and elsewhere have discovered

that certain types ofchemical compounds present in shale oil cause a significant reduction inmoisture damage and a potential reduction in binder

embrittlementwhen 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 potentialmarket for shale oil modified asphalts, NPCO has created an initial planwhich is to result in (1) proven market

performance of shale oU 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 aColorado-based commercial production facility.

The cost ofcarrvuig out trie initialmarket deve milhon, all ofwhich

was funded by Paraho. Themajor portion ofthe work conducted during this initial phase consisted ofproducing sufficient quantities ofshale
oil

to accommodate the construction and evaluation of several test strips ofshale oil-modified asphalt pavement Mining of3,900 tons ofshale 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.

Eight test stripswere constructed in Colorado,Utah andWyoming. Test stripswere also completed on 1-20 east ofPecos, Texas, inMichigan fora

test section of1-75 near Flint andUS-59, northeast ofHouston, Texas, andUS-287 in Jackson Hole,Wyoming. The last test stripwas put down

inmid-1996. The test strip results have been encouraging and SOMAT is proving to be a superior road pavingmaterial wfth distinct
life-cycle

cost advantages. The oil shale asphalt as a 10 percent additive to conventional asphalt is farmore resistant to water damage and aging than

conventional asphalt It adds about 10 to 15 percent to the cost ofasphalt but is a bargain compared to other asphalt modifiers that accomplish

the same tasks and increase costs by 30 to 35 percent

An economic analysis determined that SOM could be marketed at a price of $140 per barrel if tests show that SOMAT can affect at least a

10 percent improvement in pavement life. A feasibility study suggestsmat Paraho can expect a 25 percent rate ofreturn on SOMAT production.

NPCO proposed a $54milhon commercial scale plant capable ofproducing 555 barrels ofcrude oil per day, ofwhich 440 barrels would be shale

oil modifier (SOM) and 110 barrels would be tight oil to bemarketed to refineries. However, the companywas unsuccessful at finding investors

for the project

Research Project Cost $7.0milhon

Estimated Commercial Project Capital Cost $54.0 milhon

OCCIDENTALMIS PROJECT - Occidental Oil Shale, Inc. (S-156)

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 sftu plant was submitted in March

1977 and subsequently approved inApril 1977. The EPA issued a conditional Prevention ofSignificantDeterioration (PSD) permit in December

1977whichwas 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 apphed to theUnited 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 ft 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 shaftswere completed in Fall 1983. An interimmonitoringprogramwas approved in July 1982 to reflect the reduced level ofactivity.

Watermanagement in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit Environmental monitoring
has continued since completion ofthe two-year baseline period (1974-1976).

On April 1, 1987, the Bureau ofLandManagement United States Department ofthe Interior, granted Cathedral Bluffs Shale Oil Company a
suspension ofoperation and production for aminimum offive years. Meanwhile, pumping ofthemine inflow water continued in order to keep
the shaft from being flooded.

Although Congress appropriated $8 milhon in fiscal year 1991, Occidental declined to proceed wfth Ihe $225 milhon
"proof-of-concept"

modified in sftu (MIS) demonstration project to be located on the C-b tract In January 1991 Occidental announced its intention to shelve the

demonstration project in an effort to reduce company debt
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COMMERCIALANDR&D PROJECTS (Continued)

TheOccidental MIS project remains inactive.

ProjectCost: $225 milhon for demonstration

PAMAOIL SHALE-FIRED POWERPLANT PROJECT - PAMA (EnergyResources Development) Inc. (S-158)

PAMA an organization founded by several major Israeli corporationswfth the supportofthe government has completed extensive studies, lasting
several years, which show that the production ofpower by direct combustion ofoil shale is technically feasible. Furthermore, the production of

power still appears economically viable, despite the uncertainties regarding the economics ofproduction ofoil 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 byAhlstrom, Finland, is based on a circulating fluid bed technology.

The 41 megawatt plant is a cogeneration unit that delivers 50 tons per hour ofsteam 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. Commissioningwas begun in August 1989

and oil shale firingbegan inOctober. Process steam sales began in November 1989 and electricity production started in February 1990. In 1995,
several independent producers have expressed interest in producing power from oil shale in Israel In June 1996 a Power Purchase Agreement

was signed between Israeli Electric Corporation and one ofthose producers for a 150 MW oil shale firedpower plant

Israel Electric Corporation (the sole utility of Israel), who owns 50 percent of PAMA's shares is studying the combustion of oil shale for a

150 MW PFBC unit

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 on a 6 ton per hour pilot plant started in 1996.

Project Cost $30 rnilhon for combustion demonstration plant

$8milhon for retortingpilot plant

PARACHUTE CREEK SHALE OIL PROJECT - UNOCALCorporation (S-160)

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area ofGarfield County, Colorado. The 49,000 acres of oil shale

lands Unocal owns contain over three billion barrels ofrecoverable oil in the high-yieldMahogany Zone alone. 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 she, processing up to 1,200 tons ofore per day and producingup to 800 barrels ofshale oil per day.

Unocal began the permitting process for fts Phase I 10,000 barrel per day project in March 1978. All federal state, and local permits were

received by early 1981. Necessary road work began in the Fall 1980. Construction ofa 12,500 ton per daymine began in January 1981, and

construction ofthe retort started in late 1981. Concurrently, work proceeded on a 10,000 barrels per day upgrading facility, which would convert
the raw shale oil to a high quality syncrude.

Construction concluded and the operations group assumed control ofthe project in the Fall 1983. After several years of test operations and

resultingmodifications, Unocal began shippingupgraded svncrude onDecember 23, 1986.

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to encourage

commercial shale oil production in theUnited States. The price was to be themarket price or a contract floor price. Ifthemarket price is below

theDOE contract floor price, indexed for inflation,Unocalwould receive a payment fromDOE to equal the difference. The total amount ofDOE

price supports Unocal could receive was $400 milhon. Unocal began billing the U.S. Treasury Department in January, 1987 under fts Phase I
support contract

In a 1985 amendment to the DOE Phase I contract Unocal agreed to explore using fluidized bed combustion (FBC) technology at fts shale plant
In June 1987, Unocal informed theU.S. Treasury Department that it would not proceedwfth the FBC technology. Akey reason for the decision,
the company said,was the unexpectedly high cost ofthe FBC facility.

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

day.

At year-end 1990, Unocal had shipped over 4.5 milhon barrels ofsyncrude from fts Parachute Creek Project Unocal announced the shale project

booked fts 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 ofprofitability. Cost cutting efforts further lowered the breakeven point on

operating costs approximately 20 percent
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In 1990, the United States Department ofTreasury found no significant environmental health or safety impacts related
to the operations of

Parachute Creek.

OnMarch 26, 1991, Unocal announced that production operations at the facilitywould be suspended because offailure to consistently
reach the

financial break-even point Production ended June 1, 199 1 and the project has been terminated

Project Cost Phase I - Approximately $1.2 billion

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

A 6 foot inside diameter retort, called the demonstrationplant bas beenm cxmtinuous operation since 1984- The plant is used for optimization of

the Petrosix technology. Oil shales from othermines can be processed in this plant to obtain data for the basic designofnew 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 ofnew commercial plants.

A nominal 2^00 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul Parana, Brazil The plant

has been operated successfully near design capacity in a series oftests since 1972. AUnited States patent has been obtained on the process. This

plant operating on a small commercial basis since 1981, produced 850 barrels per day ofcrude oil 40 tons per day offuel gas, and 18 tons per

day ofsulfur. The operating factor during the period ofJanuary toOctober 1999was 92 percent

As of October 3 1, 1999. the plant recordswere as follows:

Operations time, hrs 191.041

Oil produced, Bbl 5.371.868

Processed oil shale, tons 11.676.416

Sulfur produced, tons 114.437

HighBTU gas, tons 224.356

A 36-foot inside diameter retort, called the industrialmodule (IMX has been constructed at SaoMateus do Sul Startup began inDecember 1991.

Total investment was US$93 milhon with an annual operating cost estimated to be US$39 milhon. Since start-up, retorting rate has reached

100% ofprojected capacity.

As of October 31. 1999. the IM records were as foUows:

Operating factor in 1999.% 95.6% until October

Operation time, hrs 63.998

Oil produced, Bbl 7.553.826

Processed oil shale, tons 15.453.721

Sulfur produced, tons 115.714

High BTU gas, tons 182.429

LPG, tons 95.417

Wfth the 36-foot (1 1-meter) diameter commercial plant the daily production ofthe two plants is:

ShaleOil 3,870 Bbl

Processed Shale 7,800 tons

LPG 45 tons

HighBTUGas 120tons

Sulfur 75 tons

Research studies conducted by Petrobras have included: an entrained bed pilot plant to process fines; a spouted bed pilot plant to process fines; a

mufti-stage fluid bed pilot plant; a circulating fluid bed. Studies on these research projectshave been conducted.

The technologies developed to reduce environmental impacts ofthe oil shale mining operations have been apphed to reclaim about 200 ha of

mined areas. Disposition ofoil shale residues involves fts placement in-pft followed by immediate surface reclamation using stripped overburden
notorial.; Rehabilitation comprises revegetation, using native forest species or local forage plants, and reintegration ofwild life, bringing back

the local conditions for farming andpreservation. Monitoringprograms have been carried out collecting data on ambiental air andwaters (surface

and groundwater). Results indicate that no significant environmental impact has occurred, according to the federal and state regulations. In its

retorted shale restoration program, Petrobras has worked wfth the Forest Studies and Research Institute in Sao Paulo and the Agrarian Sciences

Department at the Universidade Federal do Parana in studying crop development in rehabilitated areas and the Parana Pontificia University to

develop the Noah's Ark Project The Noah's Ark Project is designed to reintroduce exotic and rare animals and birds into the region to protect

them from possible extinction.
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Treatment ofthe shale oil involves centrifuging and filtering to remove solids and water. The oil product is then fractionated in two fractions:

naphtha and bottoms. The naphtha fraction is sent by truck to a refinerywhere ft is processed in a FCC Unit The bottoms are also
processed in a

refinery, used to dilute the fuel oil or sold as the fuel oil directly to the industries. The fuel gas has been sold to Ceramic Industry, four kilometers

away from the Petrosix Plant LPG production is sold directly to industries or to retailing distributor. Sulfur production is sold directly to clients

from local papermill and sugar industries.

Project Installed Costs: $120 (US)milhon

RAMEXOIL SHALE GASIFICATION PROCESS-Greenway Corporation andRamex Synfuels International Inc. (S-180)

OnMay 6, 1985 Ramex began construction ofa pilot plant near Rock Springs, Wyoming. The pilot plant consisted of two specially designed

burners to bum continuously in an underground oil shale bed at a depth of70 feet These burners produce an industry quality gas (greater than

800 BTUs per standard cubic foot).

InNovember 1986, Ramex announced thatGreenwayCorporation had become the controlling shareholder in the company.

OnNovember 24, 1987, Ramex announced the completion ofthe Rock Springs pilot project The formation was heated to approximately 1200

degrees F creating a high-BTU gas wfth little or no liquid condensate. Thewells sustained 75Mcfa day, for a period of3 months, then were shut

down to evaluate the heaters and themetals used in themanufacturing ofthe heaters. The test results indicated a 5 year life in a 10 foot section of

the shalewith a product gas of800 BTU, orhigher, per standard cubic foot

Ramex also announced inNovember 1987 the start ofa commercial production program in the devonian shale in the eastern states ofKentucky
and Tennessee. In April 1988, however, Ramexmoved the project to Indiana. A total of7 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 feetper day.

In late July, 1988 a letter agreement was signed between Tri-Gas Technology, Inc., the licensee ofthe Ramex process in Indiana, and J. M.

Slaughter Oil Company ofFt Worth, Texas to provide funding for drilling a minimum of 20 gas wells, using the Ramex oil shale gasification

process, on the leases nearHenryville, Indiana ArrangementsweremadewfthMidwest Natural Gas to hook up the Ramex gas production to the

Midwest Pipeline nearHenryville.

As ofMay, 1989 Ramex had been unsuccessful in sustaining long-term bums. They therefore redesigned the burner and built a much larger

model (600,000 BTU per hour vs 40,000 BTUper hour) for installation at the Henryville she. InNovember, 1989 Ramex completed fts field test

ofthe Devonian Shales in Indiana. The test showed a gas analysis of47 percent hydrogen, 30 percent methane and little or no sulfur. Ramex

contractedwfth amajor research firm to complete the design and material selection offts commercial burnerswhich they say are 40 to 50 percent

more fuel efficient thanmost similar industrial units and also to develop flowmeasurement equipment for the project Ramex received a patent on

its process onMay 29, 1990.

Ramex contracted with the Institute ofGas Technology in 1990 for controlled testing offts in shu process because the company's field tests ofthe

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 frontmove through the shale?

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

moving outward from the source ofheat?

What is the exact chemical composition ofthe gas that is produced from the process over a period of time and does the composition

change wfth varying amounts ofheat and ifso, what is the ideal amount ofheat to produce the most desirable chemical composition of

gas?

On September 30, 1993, Ramex Synfuels International Inc., raised $1 10,000 in a pubhc offering. Subsequently, a contract to conduct Phase I

laboratory testingwas signed betweenRamex and SouthwestResearch Institute ofSanAntonio, Texas. These tests were carried out during 1994.
Based on the favorable results ofthe Phase I tests, Ramex is seeking funding to continue commercial development ofthe gasification process.

ProjectCost Approximately $1 milhon for the pilot tests.

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

The proposed project is on federal Tract C-a in Piceance Creek Basin, Colorado. A bonus bid of$210.3 milhon was submitted to acquire rights

to the tract which was leased in March 1974. A 4-year modified in sftu (MIS) demonstration program was completed at the end of 1981. The

program burned two successful retorts. The first retortwas 30 feet by 30 feet by 166 feet high and produced 1,907 barrels ofshale oil. It burned
between October and late December 1980. The second retort was 60 feet by 60 feet by 400 feet high and produced 24,790 barrelswhile burning

THE SYNTHETIC FUELS REPORT. JANUARY 2000

2-12



STATUSOFOIL SHALEPROEJECTS (Underline denotes changes since January 1999)

COMMERCIALANDR&DPROJECTS (Continued)

from June throughmost ofDecember 1981. Open pit mining-surface retorting development is still preferred, however,
because ofmuch greater

resource recovery of 5 versus 2 billion barrels over the life ofthe 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 ofInterior. In August 1987,

the suspensionwas 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 ofthe director ofthe 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, aRecord ofDecisionwas never issued due to a suit filed by theNational Wildlife Federation.

Rio Blanco submitted aMIS retort abandonment plan to the Department ofInterior in Fall 1983. Partial approval for the abandonment plan was

received in Spring 1984. Themine and retort were flooded butwere pumped out inMay 1985 and June 1986 in accordance wfth plans
approved

by the Department ofthe Interior.

Rio Blanco operated a $29 milhon, 1- to 5-ton per day Lurgi pilot plant atGulfs Research Center in Harmarville, Pennsylvania until late 1984

when itwas shut down. This $29milhon represents the capital and estimated operating cost for up to 5 years ofoperation. On January 31, 1986

Amoco acquired Chevron's 50 percent interest in the Rio BlancoOil Shale Company, thus giving Amoco a 100 percent interest in the project

In 1992 Rio Blanco closed its Denver office andmoved all activities to the she. In 1995 non-essential surface facilities forMIS were dismantled.

Temporary reclamationwas completed in 1996.

Final site and revegetation reclamationwas completed in 1998. Retort abandonment and groundwatermonitoringwere also completed in 1998.

Office activitiesweremoved from the site to Rifle, Colorado.

Reclamation bond release was granted in 1999. and the federal oil shale lease was relinquished in 1999. The Rifle office will be closed in mid-

2000.

ProjectCost Four-year process developmentprogram cost $132milhon

No cost estimate available for commercial facility.

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

(50 percent) (S-200)

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia, wfth an estimated potential shale oil resource of 2.6 billion

barrels. InApril 1981, construction ofamulti-module commercial scale facilitywas shelved due to economic and technical uncertainties.

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend AS30 milhon on an initial 3 year

work program that would resolve technical difficulties to allow a more precise evaluation ofthe economics of development During the work

program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. Geological and environmental baseline studies were

carried out to characterize resource and environmental parameters. Mine planning andmaterials handlingmethods were studied for selected plant

capacities. Results ofthe study were announced in September 1984. The first stage ofthe project which would produce 5.2milhon barrels per

year from 25,000 tons per day of shale feed was estimated to cost $645 milhon (US). The total project (27milhon barrels per year from

125,000 tons per day ofshale feed)was estimated to cost $2.65 billion (US).

ByMarch 1985, revisions to the JointVentureAgreement provided for

Payment by Esso to SPP/CPM ofA$30milhon in 1985 andAS12.5 in 1987.

Each partner to have a 50 percent interest in the project

Continuation ofaWork Program to progress development ofthe resource.

The projecthas been inactive for several years.

ProjectCost US$2.65 billion total estimated

SHC - 3000 RETORTING PROCESS - Estonian Republic (S-205)

The SHC-3000 process, otherwise known as theGaloter retort, is a rotarykite type retortwhich can accept oU shale fines. Hot shale ash serves as

the solid heat carrier.

Processing of the kukersite shale in SHC-3000 retorts makes ft 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 operating conditions at
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COMMERCIALAND R&D PROJECTS (Continued)

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 ofthe semicoke gas, and to extract valuable

phenols from the shale oilwater. Overall the air pollution (compared to direct oil shale combustion) decreases.

The two SHC-3000 units built in 1980 at the Estonian Powerplant Narva, Estonia, wfth a capacity of3,000 tons ofshale per day are among the

largest in theworld and unique in their technological principles. However, these units have been slow in reaching full design productivity.

A redesign and reconstruction ofparticular parts ofthe units was done in 1984 to improve the process ofproduction and to increase the period of

continuous operation.

As a result ofthese changes, the functioning ofthe SHC-3000 improved dramatically in 1984 in comparison wfth 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 amountwas produced only in 1984.

The average output ofshale oil per run increased from 27 tons in 1980 to 970 tons in 1984. The output ofelectric energy for the State Company
"Eesti

Energia"

(Estonian Energy) continued constant in 1983 and 1984, by burningpart ofthe shale oil in the boilers ofEstonian Powerplant

By the end of1984, 159,200 tons ofshalewas processed and 20,000 tons ofshale oilwas produced at SHC-3000.

In 1990, 374,000 tons ofshale was used for processing and 43,600 tons ofshale oil was produced, hi 1994, 600,000 tons ofshale were used to

produce 79,000 tons ofoil (in 1993, 502,500 tons ofshale and 65,900 tons ofoil). At present shalewfth an organic content of28 percent is used

for processing, the oil yield being about 12 percent per shale. The oil obtained contains 14 to 15 percent ofgasoline fraction. Export ofthe oil

produced went from 8,900 tons in 1990 to 24,300 tons in 1991.

By the end of1994, 3,245,000 tons ofshale had been processed and 403,500 tons oil oil hadbeen produced by the SHC-3000 process.

In 1997. 608.900 tons ofoil shale with a calorific value of2.000 Kcal/kgwere used to produce 78.400 tons ofshale oil and 22.100 cubic meters

ofhigh calorific retort gas. The duration ofoperation in 1997was 5.650 hours.

SLANTSY OIL SHALE PROCESSING PLANT - SlantsyCfty, Petrograd, Russia (S-208)

Although there are more than eighty oil shale deposits in Russia that have been discovered and explored, at the current time oil shale is mined

mainly at one location in Russia. This deposit part ofthe Baltic Shale Basin, is situated near Slantsy Cfty in the Petrograd District About

2milhon tons ofoil shalewere mined in 1998 from an undergroundmine.

The Slantsy Oil Shale Processing Plant consists of36 retorts, each with a daily capacity of200 tons ofoil shale. Annually, the plant processes

1.5milhon tons ofoil shale and produces about 200,000 tons ofshale oil Most ofthe produced shale oil is used as refinery feedstock, part offt is

used as fuel burned at the on-site thermoelectric plant and a small amount is processed into kerogen concentrate for use as a filler in rubber and

plasticsmanufacture.

STUARTOIL SHALE PROJECT - Southern Pacific PetroleumNL and Central PacificMineralsNL (S-210)

In 1985 Southern Pacific Petroleum NL and Central Pacific MineralsNL (SPP/CPM) studied the potential for developing a demonstration retort
based uponmining the KeroseneCreekMember ofthe Stuart oil shale deposit inQueensland, Australia.

This study utilized data from a number ofprevious studies and evaluated different retorting processes. It showed potential economic advantages

for utilizing the Taciuk Process developed byUmatac and AOSTRA (Alberta Oil Sands Technology andResearchAuthority) ofAlberta, Canada.
Batch studies were carried out in 1985, foUowed by engineering design work and estimates later the same year. As a consequence of these

promising studies a second phase ofbatch testing at a larger scalewas carried out in 1986.

Next the decisionwas made to proceed wfth tests in the 80-tonne per day pilot plant in 1987. A sample of 1.400 tonnes ofdried Stuart oil shale

was processed between June andOctober 1987.

SPP/CPM engaged two engineering firms-Bechtel and Davy-to make independent detailed studies ofthe shale oil project The purpose ofthe

studies was to provide potential financial backers wfth verifiable information on which to base technical judgment ofthe project These studies

were completed in early 1991. Both groups confirmed SPP/CPMs own numbers and endorsed the AOSTRA Taciuk Processor as the most

effective retort forQueensland oil shale.

In December 1995 SPP/CPM announced an agreementwhereby Suncor Inc. ofCanada became the operator ofStage One ofthe Stuart Oil Shale

Project The overall Stuart development plan includes three stages, commencingwfth a low capital cost semi-commercial demonstration plant at

6,000 tonnes per day ofhigh grade shale feed producing 4,560 barrels per day ofoil. Bechtel Engineering has offered to build the first stage on a
fixed price time certain contract wfth performance guarantees subject to liquidated damages. Once the retorting technology is proven the second
stage plant will be a single module ofa full commercial-size facility processing 25,000 tons per day ofshale producing 15.000 barrels per day of
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syncrude from an intermediate grade feedstock Stage three is a replication step adding fivemore 25,000-tcm iier day units. Total nroductionwill

rise to 85.000 barrels per day of syncrude from average grade shale, or approximately 15 percent of the projected Australian oil import

requirement in the year 2000.

Because the semi-commercial Demonstration plant cannot offer economics of scale, the Australian government is encouraging the project by

offering to exempt all gasoline derived therefrom (about 40% ofproduction) from excise tax (US$0.19/lfter) through the year 2005. Legislation

to this effect was passed by the Australian Parliament in December 1993. In December 1992, Stuart Stage 1 received formal government

approval as a research and development projectmaking it eligible for awrite-offof 150 percent of90 percent of
capital expenditures (50 percent

m each ofthe first3 years) plus the same 150 percem

Wfth both these government supports-the excise tax benefit alone covers all operating costs-Stage 1 is profitable at any oil price above $5 per

barrel as notionahy suggested below:

Oil price in $1993 $15 $20 $25

Project after-tax return 10.0% 15.2% 19.1%

Investor after-tax return 14.5% 20.0% 25.2%

According to conceptual SPP calculations neither Stage 2 nor 3, the full-size commercial plants, will require any government subsidies to be

economic.

In parallelwfth thesematters, environmental impact studies have been completed and the Stuart partners were granted amining lease for the term

of 24 years in October 1993. In August 1996 a 30-year mining lease (ML 80003) was granted to the Stuart Project by the Queensland

Government that covers 527 hectares ofthe oil shale deposit All uncertainties surrounding themining lease have been overcome.

Construction bv Bechtel Australia was commenced in August 1997 and concluded in April 1999. The project then began commissioning

activities,wfth the first production ofoil onAugust 19. 1999.

On the third hot commissioning run in October, an equipment malfunction resulted in the release ofdust and hydrocarbon vapors from the plant

she. The facilftvwas thertforetemrxrarilv shut down Itwas restarted onNovember 15. but encountered problems wfth odors.

The next runs were therefore designed to investigate the emissions problems. Oil production at full design capacity is now expected to be

achieved in the secondhalfof2000.

The Stuart Stage 2 Draft Environmental Impact Statement (EIS) was submitted to the Queensland Government on September 27. 1999. This

comprehensive submission, including a review of social environmental and economic impacts ofthe project has undergone a 2-month public

review period and is nowwith Government for review. A Supplementary Report will then be prepared addressing the issues raised through the

public review process. The approval process for the EIS and Mining Lease Application for Stage 2 is expected to extend into the second halfof

2000.

ProjectCost AE3SOmillion (Stage 1)

Aittsnmillion (Stage 2)

UNOCAL SHALE OIL PLANT CONVERSION - American Soda (S-160)

Near the town of Parachute. Colorado. American Soda's $250-milhon nahcolfte mining project cleared one of fts last preproduction

environmental hurdles in December 1999 when the United States Bureau ofLand Management gave final approval to the company to begin

buildingmining facilities in the Piceance Basin thatwill be connectedto this plant bv a 44-mile-long pipeline.

American Soda plans tomine theworld's largest natural deposit ofnahcolite and pipe ft undereround to the processir^

oil upgradingplant

The nahcolite will be extracted from oil shale beds bv injecting hotwater into 2.200-foot-deep wells. The dissolved sodawill then be pumped to

the Parachute plant where ftwill be boiled, dried, filtered, spun and stored in silosmat each bold up to 4.500 tons ofbicarbonate or soda ash It

will then be loaded onto rail cars on tracks that run alongside the plant

YAAMBAOIL SHALE RESOURCES - Central Pacific MineralsN.L., Southern Pacific PetroleumN.L. (S-240)

The YaambaOil ShaleDeposit occurs in theYaamba Basinwhich occupies an area ofabout 57 square kilometers adjacent to the small township
ofYaamba located 30 kilometers (19miles) north-ncrthwest ofthe cfty tfRockhampton, Australia.

Oil shale was discovered in theYaambaBasin in 1978 during the early stages ofa regional search for oil shale in buried Tertiary basins northwest

ofRockhampton. Exploration sincemat time has outlined a shale oil resource gHmatH at more than 4.8 billion barrels in sftu extending over an

area of32 square kilometerswithin the basin.

THE SYNTHETIC FUELS REPORT. JANUARY 2000

2-15



STATUSOFOIL SHALEPROJECTS (Underline denotes changes since January 1999)

COMMERCIALAND R&DPROJECTS (Continued)

In December, 1988 Shell Australia purchased a part interest in the project Peabody Australia managed the Joint Venture which holds two

"Authorities to
Prospect"

for oil shale in an area ofapproximately 1,080 square kilometers in the Yaamba andBroad Sound regions northwest of

Rockhampton. In addition to theYaambaDeposit the "Authorities to
Prospect"

cover a second prospective oil shale deposit in the Herbert Creek

Basin approximately 70 kilometers northwest ofYaamba. Drilling in the HerbertCreekBasin is in the exploratory stage.

A Phase I feasibility study, which focused on mining, waste disposal water management infrastructure planning, and preliminary ore

characterization oftheYaamba oil shale resource, has been completed. Environmental baseline investigations were carried out concurrently wfth

this study. Further investigations aimed at determiningmethods formaximum utilization ofthe total energy resource ofthe Yaamba Basin and

optimization ofall other aspects ofthemining operation, and collection ofadditional data on the existing environment were undertaken.

In December 1995, SPP/CPM increased fts ownership ofthe Yaamba oil shale resources to 100 percent pending approval by the Queensland
Minister forMines and Energy.

Project Cost Not disclosed
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COMPLETED AND SUSPENDED PROJECTS

Project

American Syncrude Indiana Project

Baytown Pilot Plant

BX In Sftu Oil Shale Project

Chatham Co-CombustionBoiler

Colony Shale Oil Project

CottonwoodWash Project

Direct Gasification Tests

Duo-Ex Solvent Extraction Pilot

Eastern Oil Shale In Sftu Project

Edwards Engineering Company

ExxonColorado Shale

FruitaRefinery

Gelsenkirchen-Scholven

Cyclone Retort

JapaneseRetorting Processes

JuliaCreekProject

KENTORTJJPDU

Laramie Energy TechnologyCenter

LLNLHotRecycled-Solids (HRS) Retort

LoganWash Project

Means Oil Shale Project

NahcoliteMine #1

Naval Oil Shale Reserve

ofEnergy

Northlake Shale Oil Processing Pilot

Oil Shale Gasification

Sponsors

American Syncrude Corp.

Stone &WebsterErigineering

Exxon Research and Engineering

EquityOil Company

NewBrunswiskElectric Power Commission

Exxon CompanyUSA

AmericanMine Service

Cives Corporation

Deseret Generation &

TransmissionCoop.

Foster Wheeler Corporation

DavyMcKee

Magic CircleEnergyCorporation

Tosco Corporation

Solv-Ex Corporation

Eastern Shale Research Corporation

Edwards Engineering

ExxonCompanyUSA

Landmark Petroleum Inc.

Veba Oel

JapanOil Shale EngineeringCompany

PlacerExploration Limited

University ofKentuckyCenter forApphed

EnergyResearch

Laramie and RockyMountainEnergy Company

Lawrence LivermoreNational Laboratory
United States Department ofEnergy

Occidental Oil Shale Inc.

Central PacificMinerals

Dravo Corporation

Southern Pacific Petroleum

Multi-Mineral Corporation

United StatesDepartment

Northlake Industries, Inc.

Uintah BasinMinerals, Inc.

Institute ofGasTechnology;
American Gas Association

LastAppearance in SFR

September 1987; page 2-53

September 1987; page 2-60

March 1984; page 2-52

January 1996; page 2-23

June 1994; page 2-10

March 1985; page 2-73

September 1978; pageB-4

September 1989; page 2-55

September 1989; page 2-55

March 1990; page 2-42

March 1985; page 2-73

March 1991; page 2-23

June 1987; page 2-52

September 1989; page 2-56

March 1991; page 2-32

January 1996; page 2-34

June 1980; page 2-34

January 1996; page 2-34

September 1984; page S-3

June 1987; page 2-47

September 1982; page 2-40

June 1987; page 2-53

June 1993; page 2-30

December 1978; page B-3

2-17
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COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

Pacific Project

Paraho Oil Shale Full Size

Module Program

Paraho-Ute Shale Oil Facility

RAPAD Shale OilUpgrading Project

Seep Ridge

Silmon Smith

Tosco SandWash Project

TransNatal T-Project

TriadDonor Solvent Project

United States Bureau ofMines Shaft

United States Shale

Unnamed In Sftu Test

Unnamed Fracture Test

White River Shale Project

Sponsors

Cleveland-Cliffs

StandardOil (Ohio)
Superior

Paraho DevelopmentCorporation

Paraho Development Corporation

JapaneseMinistry ofInternational Trade and Industry

Geokinetics Inc.

PeterKiewit
Sons'

Inc.

KelloggCorporation

Shale Energy CorporationofAmerica

Tosco CorporationMarch 1990; page 2-48

TransNatal Gencor, Republic ofSouth Africa

Triad Research Inc.

Multi-Mineral Corporation; United States

Bureau ofMines

United States Shale Inc.

Mecco, Inc.

Talley Energy Systems

Phillips PetroleumCompany
StandardOil Company (Ohio)
Sun Oil Company

Yugoslavia InclinedModified In Shu Retort UnitedNations

Yugoslavia CombinedUnderground Coal UnitedNations

Gasification andModified In Sftu

Oil Shale Retort

Last Appearance in SFR

June 1987; page 2-48

December 1979; page 2-35

December 1986; page 2-47

March 1990; page 2-52

March 1986; page 2-54

March 1985; page 2-72

March 1991; page 2-30

December 1988; page 2-48

December 1983; page 2-52

March 1985, page 2-72

September 1978; page B-3

September 1978; page B-4

March 1985; page 2-72

December 1990; page 2-43

January 1995; page 2-38

2-18
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INDEX OF COMPANY INTERESTS

Company orOrganisation

Alberta Department ofEnergy

American Soda

Amoco Corporation

Central PacificMinerals

Chevron Shale Oil Company

Conoco Inc.

Dotternhausen, Germany

Esperance MineralsNL

Esso Exploration and ProductionAustralia Ltd.

EstonianRepublic

Fushun Bureau ofMines

Fushun Petrochemical Corporation

GreenvaleMiningNL

GreenwayCorporation

Huadian Cfty, Jilin Province, China

J. W. Bunger& Associates, Inc.

Jordan Natural Resources

Maoming Petroleum Industrial Corporation

Mobil Oil Corporation

New Paraho Corporation

Occidental Oil Shale, Inc.

OfficeNational de Recherche et

cTExploitation Petrolieres (ONAREP)

PAMA Inc.

Petrobras

Ramex Synfuels International

Rio Blanco Oil Shale Company

SINOPEC

Slantsy Cfty, Petrograd, Russia

ProjectName

AlbertaTaciuk ProcessorTechnology

Unocal Shale Oil Plant Conversion

Rio Blanco Oil Shale Project (C-a)

Condor Project

Rundle Project

Stuart Oil Shale Project

Yaamba Project

ClearCreek Project

Clear Creek Project

Dotternhausen Oil Shale Fluidized Bed Combustion

Esperance Oil Shale Project

Rundle Project

Estonia Power Plants

Kiviter Process

SHC-3000 RetortingProcess

FushunBureau ofMinesOil Shale Retorting Plant

Fushun Petrochemical Corp. Oil Shale Retorting Plant

Esperance Oil Shale Project

RamexOil Shale Gasification Process

Huadian Oil Shale Power Plant

JWBAShale Oil Value Enhancement Venture

JordanOil Shale Project

MaomingCommercial Shale Oil Plant

Mobil Parachute Oil Shale Project

New Paraho Asphalt From Shale Oil

Occidental MIS Project

MoroccoOil Shale Project

PAMAOil Shale-Fired Power Plant Project

Petrosix

RamexOil Shale Gasification Process

Rio Blanco Oil Shale Project (C-a)

Fushun Petrochemical Corp. Oil Shale RetortingPlant

MaomingCommercial Shale Oil Plant

SlantsyOil Shale Processing Plant

2-4

2-15
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2-4

2-13

2-14

2-15

2-4

2-4

2-5

2-5

2-13
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Company orOrganization ProjectName Page

Southern Pacific Petroleum Condor Project 2-4

Rundle Project 2-13

StuartOil Shale Project 2-14

Yaamba Project 2-15

UMAGroup Ltd. AlbertaTaciuk ProcessorTechnology 2-4

Unocal Corporation Parachute Creek Shale Oil Program 2-10
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OIL SANDS

PROJECT ACTIVITIES The Athabasca Oil Sands Project joint venture

includes:

C$3.5 BILLION ATHABASCA OIL SANDS

PROJECT A
"GO"

In December Shell Canada Ltd., together with

Chevron Canada Resources Ltd. and Western

Oil Sands Inc., announced approval of the

C$3.5 billion Athabasca Oil Sands Project.

Construction will begin immediately with pro

duction planned for late 2002. Under a joint-

venture agreement, Shell Canada retains a

60 percent interest in the project while Chevron

andWestern each hold 20 percent interest.

The C$1.8 billion Muskeg River Mine, to

be constructed on Lease 13, 70 kilo

meters north of Fort McMurray, Alberta,

Canada (Figure 1). The Muskeg River

Mine will use trucks and shovels to ex

cavate the oil sands, as well as ad

vanced warm water extraction technolo

gies to separate the bitumen from the

sands, to produce 155,000 barrels per

calendar day of bitumen starting in

late 2002. The joint venture has formed

a new company to operate the

FIGURE 1

ATHABASCAOILSANDS PROJECT

Surface MiningArea

Shell Lease 13

Muskeg River 150 MBPD Bitumen

Surface Mine Extraction Plant

Corridor Pipeline

Shell Scotford

MBPD Upgrader

ALBERTA

Calgary

*--.

^*r-=w^

rann-_r
if

CANADA

SOURCE: CHEVRON
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OIL SANDS

Muskeg River Mint

ergy Inc.

-Albian Sands En-

The C$1 .7 billion Scotford Upgrader to

be constructed next to Shell's existing
Scotford Refinery north of Fort Sas

katchewan, Alberta. The Scotford Up
grader will use hydrogen-addition tech

nology to process the bitumen from the

Muskeg River Mine into a range of pre

mium, synthetic crude oils. These crude

oils will be used to produce clean, high

quality fuels to help meet the transporta
tion needs of Canadians. The Upgrader

will be operated by Shell.

In addition to its joint-venture investment of

C$2.1 billion, Shell Canada will invest approxi

mately C$400 million to modify its existing
Scotford Refinery to utilize the new synthetic

crude oils produced by the Scotford Upgrader.

As well, a number of companies will construct

new facilities to serve the needs of the Ath

abasca Oil Sands Project under long-term

commercial agreements. They include:

The Corridor Pipeline, which will trans

port diluted bitumen from the Muskeg
River Mine to the Scotford Upgrader,
and connect the Upgrader with refinery
and pipeline terminals in the Edmonton

area. Corridor will also provide oil stor

age facilities for the project. This in

vestment of approximately C$600 million

will be made by Corridor Pipeline Ltd.

The ATCO Power Canada Ltd. Muskeg
River Mine gas-fired cogeneration plant,

which will provide steam and electricity
to meet the needs of the Muskeg River

Mine, as well as additional electricity for

Alberta consumers. This 170-megawatt

cogeneration facility and associated heat

recovery equipment will cost approxi

mately C$200 million.

The ATCO Pipelines Muskeg River Mine

natural gas pipeline, which will transport

the natural gas needs of the Muskeg
River Mine cogeneration plant. Ap

proximately C$37 million will be invested

to construct this pipeline.

Construction on the Muskeg River Mine and

Scotford Upgrader will begin immediately. First

oil production is scheduled for late 2002.

The Resource

The resource of the Muskeg River Mine and

Lease 13 contains more than 5 billion barrels of

mineable bitumen. This is about equal to twice

the amount of conventional oil reserves re

maining in Alberta. The oil sands deposit is

close to the surface and contains a high con

centration of oil, making it ideally suited to min

ing. The Muskeg River Mine will recover

1 .65 billion barrels of bitumen over 30 years.

The project will provide refiners with the product

necessary to produce approximately 1 percent

of North American demand for transport fuels.

Canada's oil sands industry currently produces

more than 18 percent of the nation's petroleum

needs.

Western Oil Sands

The project was delayed when Broken Hill Pro

prietary Ltd. (BHP), an Australian natural re

sources producer, dropped out in early 1999.

Executives from BHP left the company, formed

Western Oil Sands, and attracted C$900 million

in capital. Western Oil Sands plans a public

offering next year.

Environmental Aspects

According to Shell Canada, the environmental

controls at the Scotford Upgrader will offer per

formance advantages:

It will make the best use of the bitumen

produced at the Muskeg River Mine, with

more than 100 barrels of upgraded crude

oil produced for every 100 barrels of bi

tumen processed.

It will produce dramatically lower levels

of sulfur dioxide emissions.
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High carbon coke will not be produced as

a byproduct.

The synthetic crude oil produced will en

able refiners to produce clean,
high-

quality refined products, such as gaso

line and diesel fuel, with low levels of

aromatics, particulates and sulfur.

SYNCRUDEWINS APPROVAL TO AMEND

MILDRED LAKE UPGRADER EXPANSION

In October the Alberta Energy and Utilities

Board (Board) approved an application by Syn

crude Canada Ltd. for amendment of the pro

posed Mildred Lake upgrader expansion plan.

This plan allows for the expansion of Syncrude's

Mildred Lake upgrading complex. The proposed

expansion would increase Syncrude's produc

tion of marketable hydrocarbons through the

addition of a new fluid coker, a Flue Gas

Desulfurization (FGD) unit, new froth treatment

facilities, additional hydrotreating and sulfur re

covery capabilities, and associated ancillary

units. Syncrude sought approval for

A production scheme for the expanded

facilities that would increase annual pro

duction volume to 27.5 from 15.3 million

cubic meters per year of marketable hy
drocarbons.

Removal of the annual production vol

ume and term limits for the upgrading

complex.

Diluent Recovery

Syncrude stated that its existing and new

Naphtha Recovery Units (NRU) were designed

to recover 76 and 84 percent, respectively, of

the naphtha present in its froth treatment tailings

stream and that any naphtha not recovered

would be discharged to the tailings pond. The

existing NRU could not be retrofitted to achieve

the same performance as the proposed new

NRU.

Syncrude confirmed that its total naphtha losses

were expected to be 300 cubic meters

(1,900 barrels) per calendar day on an annual

average basis. For a normal, planned shut

down, Syncrude expected naphtha losses from

its existing and proposed new NRUs to be

maximums of approximately 2,700 barrels per

day (bpd) and 2,000 bpd, respectively.

Syncrude stated that once it had implemented

the first elements of its expansion, it would be

committed to target losses at all stages of the

upgrader expansion project of not more than

3.6 volumes of naphtha per 1,000 volumes of

bitumen production. However, Syncrude stated

that other operators had been approved at 4.0 to

4.5 volumes per 1 ,000 volumes of bitumen pro

duction. Syncrude requested the same re

quirement as its reward for developing and im

proving the technology.

Syncrude stated that in the past there were con

cerns with odors coming from the tailings pond

that resulted from the presence of small con

centrations of mercaptans in the naphtha. How

ever, since Syncrude began to use a partially

hydrotreated naphtha in the late 1980s, odor

incidences have been relatively infrequent.

Syncrude stated that the largest source of Vola

tile Organic Compounds (VOC) emissions was

its froth treatment tailings discharge point.

Other sources included the settling pond surface

and fugitive emissions from its plant. Syncrude

estimated that the proposed project would add

approximately 1 tonne per day of VOC emis

sions, and estimated that total VOC emissions

following the expansion were expected to be

approximately 5.3 tonnes per day.

The interveners expressed concerns over the

increase in VOC emissions in the region, on

both a project-specific and cumulative basis,
and the impact that would have on human

hearth and as precursors to ozone formation.

The Board acknowledged Syncrude's efforts to

improve naphtha recovery from its froth treat

ment tailings stream and accepted Syncrude's

commitment to limit total naphtha losses to not
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more than an annual average of 300 cubic me

ters per day and to otherwise limit naphtha

losses to not more than 4.3 volumes per

1,000 volumes of bitumen production. Syn

crude committed to work toward a target naph

tha loss of not more than 3.6 volumes per

1 ,000 volumes of bitumen production on an an

nual average basis.

The Board will require Syncrude to report annu

ally on the steps it has taken to reduce its losses

of naphtha to the target level of 3.6 volumes of

naphtha per 1 ,000 volumes of bitumen produc

tion from its approved level of 4.3.

The Board believes that a long-term objective of

the oil sands industry should be to have no un

treated tailings discharged to the tailings pond.

At the present time the Board will not impose

this requirement on Syncrude. In the event that

on- or off-site impacts are observed, the Board

may re-evaluate this decision.

Bitumen Conversion Technology Selection

On the basis of an economic and technical as

sessment, Syncrude concluded that flex-coking
and bitumen hydrocracking were not viable al

ternatives and that fluid coking and delayed

coking appeared to be equally attractive. In the

absence of any significant drivers, Syncrude

elected to continue with fluid coking technology,

given:

The experience of Syncrude's workforce

with fluid coking technology.

Syncrude's belief that fluid coking of

fered the safest and most reliable tech

nology.

Syncrude's belief that fluid coking tech

nology offered a major economic upside

potential, particularly in light of Syn

crude's current commitment to the tech

nology in terms of its research and de

velopment efforts and installed capacity
at its existing facilities.

The interveners did not provide comments re

garding technology selection. The Board ac

cepts Syncrude's choice of fluid coking for its

bitumen upgrading technology. The Board

notes that fluid coking produces a large excess

of coke, which has neither an on-site use nor an

off-site market. The Board considers coke to be

an energy resource and expects Syncrude to

continue to examine the economic and technical

feasibility of utilizing its net coke production.

Removal of Production and Term Limits

Syncrude argued that there was no need to fix

either a production limit or a term limit to regu

late the conservation or environmental perform

ance of its facility. Removing the production

limits would allow Syncrude to avoid the situa

tion that arose in 1992 and again in 1993 where

its production exceeded its annual synthetic

crude production limits and it was required to

obtain Board approval to continue to operate.

The company argued that refineries and gas

plants do not have term limits. Syncrude cur

rently operates under a number of mass emis

sion rate limits. An additional production limit

would not be necessary.

Term limits unnecessarily complicate the valua

tion of reserves and setting the value of the op

eration. This influences the raising of capital

that Syncrude requires to finance its operation.

Therefore, term limits are not in the public inter

est.

The Board responded that there would be no

need for production or term limits in approvals if

there were equivalent mechanisms in place to

allow for adequate regulation. In the Board's

view, operating criteria could provide an

equivalent mechanism. Operating criteria have

been developed for mining and extraction re

source conservation. However, they have not

yet been developed for upgrading. Accordingly,
the Board is not prepared to eliminate produc

tion and term limits from Syncrude's approval.

S02 Emissions From the Base Plant

Syncrude stated that it had examined the possi

bility of retrofitting FGD onto its existing plant.

It re-examined a 1991 study and concluded that

it was difficult to do and was expensive, and that
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the environmental benefits did not outweigh the

cost and the impact on its existing operation.

Syncrude argued that the substantial sums of

money that could be invested in reducing emis

sions from its main stack could be more effec

tively used elsewhere. Considering the envi

ronmental impact of a change, as opposed to

the numerical change in absolute emissions,

Syncrude concluded that focusing efforts on

reducing low-level acid emissions, such as

those from the mobile fleet and process fur

naces, was a more attractive option.

Syncrude stated that it believed further substan

tial reductions in sulfur emission were achiev

able over the next 5 years and, although it did

not quantify the possible reductions, committed

to strive for this outcome. Syncrude noted that

under Clause 8.2 of Approval Number 7550, it

was required to file with the Board each year a

summary of its efforts to minimize atmospheric

emissions, in particular, SO2 emissions. Syn

crude stated that if it were to install FGD on one

of its existing cokers, it could reduce sulfur

emissions by approximately 37.5 tonnes per

stream day.

Syncrude stated that it was committed to a long-

term average of 185 tonnes per day of SO2 from

its site. However, it stated that it required a

90-day rolling average emission limit of

250 tonnes per day to allow for operational

flexibility.

Interveners noted that Syncrude accounts for 77

to 78 percent of the region's S02 emissions and

that Syncrude's projections indicate that it would

be the largest contributor to S02 emissions in

the region for a long time. They noted that the

observed SO2 concentrations in the area have

exceeded Alberta, Canada, ambient air quality
guidelines and that the cumulative impact as

sessment predicts that SO2 guidelines would

continue to be exceeded. Interveners requested

the Board to require that Syncrude move toward

additional S02 emission reductions and that it

make a substantive reduction in its S02 emis

sions from its existing facility.

The Board expects that Syncrude will continue

to reduce S02 emissions from its operations and

the Board will require Syncrude to report every

3 years on its efforts to make substantial SO2

emission reductions. Syncrude has committed

to report to the Board on reductions it believes

are possible in its next report due Febru

ary 28, 2000. The Board expects Syncrude in

its report to provide a comprehensive and de

tailed review of options to reduce S02 emissions

from its base plant, including the submission of

engineering studies in support of its conclusions.

Greenhouse Gases

Syncrude stated that its greenhouse gas emis

sion reduction targetwas a 45 percent reduction

in per-unit C02 emissions in the period

1998-2008, as outlined in its 1998 filing. Syn

crude stated that its total C02 equivalent emis

sions in 2008 would be 13.5 million tonnes,

compared to 8.5 million tonnes in 1997.

Syncrude stated that although C02 emissions

from its operations would increase by about

60 percent, globally there would be no net in

crease in CO2 emissions as a result of its ex

pansion. It further stated that, assuming there

were a market demand for its product, its C02
emissions would, at worst, be equal to those

associated with the production of a comparable

product from any other similar resource.

Interveners acknowledged that Syncrude's per-

unit emissions would decrease following its ex

pansion but argued that the issue was the sig

nificant increase in the absolute amount of

emissions. They claimed that Syncrude's posi

tion was true only by comparing Syncrude's

2005 synthetic crude oil to a specific type of

partly upgraded crude oil from another source.

Using crude sources, such as Canadian domes

tic, North Sea and Saudi-like crude oil, would

result in a net decrease in C02 emissions.

In response, the Board said it believes that the

issue of greenhouse gases is best dealt with

through initiatives and policies developed at the

federal and provincial levels. The Board will not
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unilaterally impose conditions on oil sands op

erators in the absence of these policies and ini

tiatives.

Particulates

Syncrude stated that it had taken all reasonable

steps toward the objective of no increase in

Particulate Matter (PM) emissions and that it

had a realistic expectation of achieving this ob

jective as a result of the Mildred Lake upgrader

expansion project. However, Syncrude indi

cated that it was not in a position to make this

commitment to stakeholders or the Board at this

time. In the absence of any operating experi

ence, Syncrude could not otherwise quantify

what the expected emissions would be for its

new FGD stack.

Syncrude noted that monitoring has indicated

that the current levels of PM in the communities

adjacent to its operation are within the most

stringent guidelines that have been proposed or

considered. Emissions of PM10 (10 micron and

smaller-sized particles) measured in Fort

McMurray were in the range of 7 micrograms

per cubic meter, whereas in Edmonton in 1995

the annual mean concentration was

20 micrograms per cubic meter. In the Fort

Saskatchewan area, monthly ranges were be

tween 12 and 36 micrograms per cubic meter.

Interveners argued that there should be no in

crease in ambient concentrations of PM, and

requested that the Board condition Syncrude's

approval such that Syncrude would be required

to monitor and report on its PM emissions and

the status of ambient PM concentrations in the

communities of Fort McKay and Fort McMurray.

In its approval decision the Board said it will

require Syncrude to:

Continue to identify opportunities to fur

ther reduce PM emissions.

Ensure through its participation in the

Wood Buffalo Environmental Association

that appropriate monitoring programs are

established and maintained.

Abide by the guidelines developed under

the Canadian Council of Ministers of the

Environment Harmonization Accord.

Ozone

The Board believes that the best way to develop
a better understanding of ozone issues and to

reduce uncertainty is through the Ozone Work

ing Group. The Board expects Syncrude to

continue to support the activities of this group.

Ozone issues will be addressed through the

NOj/S02 Initiative, and Syncrude has committed

to participate in the initiative and to abide by its

outcomes.

WaterManagement

Syncrude stated that it would withdraw an addi

tional 27.3 million cubic meters of water from

the Athabasca River as a result of the project,

approximately 88 percent above its current

withdrawal. Syncrude stated that based on its

ability to manage water, its current license limit

would be sufficient to accommodate any future

production plans.

The interveners expressed concerns over the

impact that project emissions would have on

water quality in the region, the impact that in

creased water withdrawals would have on the

Athabasca River, especially at low flows, and

the potential for groundwater contamination.

The Board believes that the long-term storage

of large volumes of process-affected water as a

water management strategy should be re

viewed. The Board therefore encourages Syn

crude and other operators to place a priority on

developing strategies and technologies to mini

mize water withdrawal, maximize water reuse

and decrease on-site water inventories. The

Board will require Syncrude to report every year

on its efforts in this regard.
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MAHKESES DEVELOPMENT APPROVED

FOR IMPERIAL'S COLD LAKE PRODUCTION

PROJECT

Imperial Oil Resources Ltd. applied to the Al

berta (Canada) Energy and Utilities Board

(Board/EUB) to amend Approval No. 3950 to

allow for an expansion of its Cold Lake com

mercial project and to construct and operate an

electrical powerplant. Approval No. 3950, which
allows for the commercial development of the

Clearwater oil sands deposit using Cyclic Steam

Stimulation (CSS) in the Cold Lake Production

Project (CLPP), was approved in Septem

ber 1983. As shown in Figure 1, the previous

approval area covers development

Phases 1-10. The details ofthe expansion proj

ect, approved in September 1999, are as fol

lows:

A new three-phase (Phases 11-13) de
velopment known as Mahkeses, which

would be located adjacent to Imperial's

Cold Lake operation, as shown in Fig
ure 1 . The Mahkeses project will use

CSS technology to recover bitumen from
the Clearwater Formation; a combination

of directional and horizontal wells would

be drilled into the Clearwater Formation

on an average well spacing of

3.2 hectares (ha).

A central plant in the north half of Sec

tion 33-64-3 W4M for processing bitu

men and produced water.

A cogeneration powerplant located in the

north half of Section 33-64-3 W4M ca

pable of generating 220 megawatts of

electricity.

Expansion of the approved Phases 1-10

development areas and the drilling of

additional wells to sustain operations at

the existing central plants.

As part of this application, Imperial also sub

mitted an Environmental Impact Assessment

report. The application was considered at a

public hearing conducted in November and De

cember 1998 and January 1999.

The Need for the Proposed Project

Imperial submitted that there was a need for the

proposed expansion project. Commercial bitu

men production has occurred in a phased de

velopment on Imperial's oil sands leases in the

Cold Lake region since 1983. Currently
10 phases are in operation. The next integral

step in Imperial's phased development ap

proach is called Mahkeses, which constitutes

Phases 11-13. Mahkeses extends Imperial's

development of the Clearwater main valley

trend to its southeastern limit. Significant re

coverable bitumen reserves, estimated to be

46 million cubic meters, are present in this de

velopment area.

Imperial indicated that the economic viability of

the Mahkeses development was not tied to cur

rent oil prices but projected over the 35-year life

of the project. The drilling of additional wells

and construction of additional field facilities in

the K-trunk, lower E-trunk and the current

Northeast trunk areas would optimize bitumen

production and steam utilization in the current

production area. The cogeneration facility
would also allow Imperial's Cold Lake operation

to be self-sufficient in electricity.

Imperial stated that it has no intention at this

time to upgrade the product.

The proposed expansion project would recover

some 46 million cubic meters of bitumen at a

rate of 4,800 cubic meters per day over a

35-year period. Bitumen produced at Cold Lake

requires blending with diluent (hydrocarbon

condensate or pentanes plus) in order to meet

pipeline viscosity and density specifications.

The blended bitumen from the Mahkeses project

would be transported to markets in Canada and

the United States.

Imperial pointed out that its bitumen production

during the first-half of 1998 averaged

21 ,000 cubic meters per day, which is about
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FIGURE 1
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6 percent of Canada's total daily crude oil pro

duction. Imperial stated that its Cold Lake op

eration is Canada's second largest single source

of crude oil supply.

Imperial proposed the construction of a facility
to cogenerate steam and electrical power at a

generating capacity of about 220 megawatts.

Only about 45 percent of the 220 megawatts

would be required on the project site. Imperial

expected to make all surplus power available for

sale to the Alberta Power Pool.

Some of the interveners said that when Impe

rial's megaproject was being reviewed by the

Board in 1979, Canada was in the midst of a
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national oil supply crisis. Therefore, project ap
proval was granted notwithstanding environ

mental concerns. The oil supply climate has

changed in that there is no longer a shortage in

Canada. Furthermore, environmental protection

is presently a greater public concern. The inter

veners therefore suggested that the need for the

project based on the CSS technology should be

considered.

The Board noted that a large part of the pro

posed expansion area is contained within the

existing area of Approval No. 3950 and would

result in an improved development plan for pre

viously approved areas.

The Board agreed with Imperial that the re

quested approval amendment is needed in or

der to fully develop and optimize recovery ofthe
bitumen resources in the Cold Lake area. Sub

ject to other concerns and requirements, the

Board is satisfied that there is a need for the

expanded operation.

Bitumen Recovery

Imperial proposed to use CSS at Mahkeses to

recover bitumen from the Clearwater Formation.

High-pressure and high-temperature steam

would be injected into the reservoir above the

formation-fracture pressure (between 9 and

10 megapascals [MPa]) of the bitumen-bearing
sands. Initially, the injection phase would last

between 4 and 6 weeks. A soak period of 4 to

8 weeks would follow. The same well would

then be converted into a production well and the

bitumen would be produced for 3 to 6 months.

This injection-production cycle would be re

peated a number of times over the life of the

well. The time to steam and produce the wells

would vary with each cycle.

According to Imperial, CSS should be used to

recover bitumen at Mahkeses, as it is the only

commercially proven recovery process for the

Clearwater Formation at Cold Lake. Addition

ally, the CSS process has demonstrated its

performance from equivalent reservoirs at May,

Leming, Mahikan and Maskwa. This leads to

reliable expectations for performance and re

covery levels at Mahkeses.

The most notable investigation of recovery

processes other than CSS is the company's

participation in evaluating the Steam-Assisted

Gravity Drainage (SAGD) process.

Imperial developed an SAGD simulation model,

initially calibrated to Underground Test Facility

(UTF) data, using Cold Lake reservoir proper

ties. The results indicated that SAGD at Cold

Lake would be expected to achieve an ultimate

recovery of 25 percent at a cumulative oil/steam

ratio of 0.2. In comparison, CSS performance

in an equivalent reservoir is expected to recover

23 percent at a cumulative oil/steam ratio of 0.3.

Even with the greater recovery, the SAGD proc

ess would not be economic due to increased

steam requirements.

Interveners noted that SAGD appears to be the

process of choice for many new projects, par

ticularly in the Cold Lake and Athabasca areas.

Specifically mentioned were the Christina Lake

project and Foster Creek. They maintained that

SAGD should be used because the SAGD proc

ess would result in fewer wellbores, and would

lower the potential of environmental effects,

such as arsenic mobilization, in the associated

formations and aquifers.

Regarding the proposed use of the CSS process

for Mahkeses, the Board noted the many years

of experience that Imperial has devoted to un

derstanding the process and its applicability to

this specific reservoir. The Board accepts that

understanding the particular reservoir charac

teristics is fundamental to managing operational

efficiencies and recoveries.

Consequently, at this time the Board accepts

the use of the CSS process in the Mahkeses

area. Some field trials using SAGD are cur

rently under way in the vicinity of the Imperial

project, but these developments are at an early
stage. If it becomes clear that the CSS process

is not being managed in an acceptable fashion

at the existing project or at Mahkeses, the Board

will require Imperial to further justify continued

application of the CSS process.
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Origin ofArsenic in Groundwater

Imperial acknowledged that, in the course of its

groundwater investigations, elevated levels of

arsenic were found in private water wells, pie

zometers, and monitoring wells installed in and

around the Cold Lake operations. Imperial

maintained, however, that its analysis showed

the presence of arsenic is not related to its op

erations. It argued that arsenic-bearing miner

als are present as natural constituents of the

sediments of the region and that arsenic con

centrations in the Cold Lake region are therefore

natural in origin.

The interveners sampled water from 51 private

water wells located in the vicinity, primarily

south of the Imperial Cold Lake project. Con

centrations of total arsenic found in these water

samples ranged from less than 3 micrograms

per liter to more than 40 micrograms per liter.

Twenty-one samples contained arsenic in ex

cess of the World Health Organization guideline

of 10 micrograms per liter for drinking water.

The interveners said there is evidence to sug
gest that high-pressure fluid injection of oil ex

traction and the operation of salt-water extrac

tion wells can mobilize arsenic from minerals in

the rocks. They indicated that Imperial's opera

tions may be responsible for increased arsenic

concentrations in groundwater by a number of

indirect mechanisms.

Based on the evidence, the Board was unable to

conclude that the source of elevated arsenic in

local water wells in the Cold Lake region can be

attributed to the Imperial project.

The Board noted that elevated arsenic levels

were found in some area well water before Im

perial's operations began.

Decision

Having considered all of the evidence, the

Board determined that Application No. 970163

is in the public interest. The Board believes

that, while there are operational and environ

mental risks associated with the proposed de

velopment, these risks are manageable and the

project can proceed in an environmentally and

socially acceptable manner. Given the potential

risks, the Board also believes that some addi

tional measures are required to ensure that po

tentially adverse impacts from the project are

minimized. Therefore, the Board will impose

the following requirements and conditions as

part of its approval:

Imperial must implement an enhanced

regional monitoring network to monitor

groundwater flow directions and ground

water chemistry.

Imperial must set up an enhanced

groundwater-monitoring network to pro

vide information on any water level re

sponses to steam injection.

Imperial must conduct additional sam

pling, testing and studies to help assess

formation integrity and to provide base

line geological and geotechnical infor

mation and further knowledge on proper

ties that can influence groundwater flow,

water quality, and corrosion of casing

and degradation of cement.

Imperial must design and implement

monitoring programs to specifically ad

dress the potential that its operations

may have on liberating or introducing ar
senic into the groundwater.

The Board expects Imperial to expand its

research in the matter of seismicity

within the Colorado Group in the project

area.

Imperial must comply with the hydraulic

logging requirements of EUB Guide G-51

for all newly drilled wells prior to their

being placed on steam injection.

Imperial must explore the possibility of

establishing a forum with other operators

where concerns about the industry can

be raised for the purpose of dealing with

ongoing issues.
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Imperial must conduct pressure surveys

prior to the commencement of steaming
and thereafter in any Grand Rapids gas

wells that it operates within the expan

sion area.

Imperial must submit an annual sum

mary report on casing integrity and

remediation efforts.

SUNCOR, SYNCRUDE PRODUCTION

RECORDS UPDATED

Statistics published by the Alberta (Canada)

Energy and Utilities Board for synthetic crude

production at Suncor and Syncrude from Janu

ary 1995 through October 1999 are summarized

in Figures 1 and 2 (pages 3-12 and 3-13, re

spectively).

SYNCRUDE VACUUM DISTILLATION UNIT

GOES ON-LINE

Syncrude Canada Ltd. announced in November

that it had successfully brought its Vacuum Dis

tillation Unit (VDU) on-line. The unit is one of

Syncrude's debottlenecking initiatives which will

boost production capacity by 10 million barrels

to a capacity of 94 million barrels per year by
the end of 2000. The unit has taken 17 months

to construct and is the largest of its kind in the

world.

The VDU is capable of processing

175,000 barrels of bitumen per day and can be

expanded in the future for a capacity of

300,000 barrels per day. The unit also de

creases energy consumption through heat re

covery mechanisms and by piping waste heat to

the Aurora Site for use in bitumen extraction

processes.

Among the suite of initiatives and capital proj

ects that Syncrude undertook in 1999, the VDU

accounts for 20 percent of the positive effect on

energy efficiency and C02 reductions per unit of

production. Syncrude is working to continually

improve its environmental performance and has

committed to a 45 percent reduction in C02
emissions per barrel during the period 1998

to 2008.

The VDU, the other debottlenecking initiatives

and the Aurora Site, starting production in 2000,
all combine to increase the production of Syn

crude Sweet Blend by 12 percent.

SINCOR PROJECT NAMES NEW

MARKETING MANAGER

Sincor, the heavy oil upgrading project based in

Jose, Anzotegui State, in Eastern Venezuela

has designated G. Burnett as its new marketing

manager.

Sincor is a joint venture featuring France's To-

talFina, (47 percent) Norway's Statoil (15 per

cent) and state-run Petroleos de Venezuela

which has the remaining 38 percent stake.

The project, when completed at the end of 2001 ,

will process 170,000 barrels per day of heavy
crude

(8

API) from the Orinoco Belt at Zuata

that will then be upgraded at Jose to produce

commercially attractive light crude of

some
32

API.

Sincor expects to employ some 8,000 workers

during the second half of 2000 in what it consid

ers to be the peak period of construction work in

the project.

ALBERTA EUB APPROVES CORRIDOR

PIPELINE FOR SHELL'S OIL SANDS

PROJECT

In Decision 99-23, dated September 28, 1999,
the Alberta Energy and Utilities Board (the

Board/EUB) approved the application by Corri

dor Pipeline Ltd. (Corridor), a wholly owned

subsidiary of BCGas Inc. and an affiliate of

3-11

THE SYNTHETIC FUELS REPORT. JANUARY 2000



OIL SANDS

FIGURE 1

SUNCORSYNTHETICCRUDEOIL PRODUCTION 1995 - 1999

350

300

5 250

S

:

2O0

43
C

v>

| 150

SOURCE:

JAN MAY

1999

Trans Mountain Pipe Line Company Ltd.

(TMPL), to construct and operate approximately
453 kilometers (km) of 610-millimeter (mm)
Outside Diameter (OD) pipeline. The pipeline

would transport diluted bitumen from the Shell

Muskeg River Mine Plant to the proposed Shell

Scotford Upgrader. Corridor also proposed a

323.9-mm OD pipeline to transport diluent from

the Upgrader to the Mine to be constructed in

the same Right-Of-Way (ROW). In addition to

these pipelines, Corridor proposed to construct

four electrically powered pump stations on the

bitumen pipeline and two on the diluent pipeline.

In addition, Corridor applied for approval to con

struct and operate approximately 43 km of

508-mm OD pipeline to transport synthetic

crude oil from the Upgrader to the existing fa

cilities of Enbridge Pipelines Inc. Corridor also

proposed a 406.4-mm OD pipeline in the same

ROW to transport supplementary feedstock

from the TMPL terminal to the Upgrader.

The Board considered the issues respecting the

applications to be:

Need for the pipelines

Use of existing pipeline ROWs

Route selection and land-use conflict

Public safety aspects of pipeline con

struction and operation

Noise

Adequacy of notification and public con

sultation

The economic merits of the project were not

challenged.
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FIGURE 2

SYNCRUDE SYNTHETIC CRUDEOIL PRODUCTION 1995 - 1999
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Need for the Pipelines

Corridor stated that the applied-for pipelines

were an essential link between the Board-

approved Mine and the Upgrader project. It

further stated that the pipelineswere essential to

the delivery of bitumen from the Mine to the

Upgrader, where it would be processed into

synthetic crude oil for delivery to the existing
terminal facilities at Sherwood Park. It further

noted the need for a return line from Scotford to

transport solvent to the Mine and a return line

from the existing pipeline terminals to transport

Upgrader feedstock to Scotford.

Corridor stated that the Mine, Upgrader, main

lines, and delivery lineswere closely related and
interdependent and, due to the complexity of the

project, it did not evaluate the possibility of un

used capacity of existing pipelines in the area.

Some interveners stated that Corridor had not

adequately investigated available capacity in

existing pipelines or alternatives to the con

struction of new pipelines.

The Board said it does not believe that sufficient

capacity is available in any of the existing pipe

lines to handle the applied-for volumes of bitu

men or diluent. Therefore new lines would be

necessary.

Use of Existing Pipeline ROWs

Corridor stated that it preferred a 30-meter (m)
ROW width for the main lines and the delivery
lines. However, it acknowledged that although
30 m was a pipeline industry standard ROW, it
would be a significant imposition on the land

owners. Accordingly, Corridor applied for a

25-m ROW, consisting of a 15-m permanent

3-13
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ROW and 10 m of temporary working space.

Corridor assumed that, from past experience

with other operators, requests to share existing,

underused ROWs would not be received fa

vorably.

Some interveners stated that multiple pipeline

ROWs crossed their farmlands and they ob

jected to further proliferation of pipelines on

their properties. They viewed the encroachment
of the delivery line ROW as sterilization of their

lands for current and potential development.

However, if Corridorwere permitted to acquire a

new ROW, they requested that the Corridor's

ROWwidth be limited to 10 m.

The Board required Corridor to submit supple

mental evidence regarding the possibility of

sharing existing pipeline ROWs or other means

for reducing the proposed ROW.

In its subsequent filing, Corridor indicated that

shared pipeline ROWs are feasible for portions

of the delivery line, in particular the Northwest-

em Utilities Limited line. Corridor is required to

reduce the width of its delivery line ROW from

15 mto 10 m.

The Board recognizes that ROW reductions of

5 m will not be possible in all locations, but di

rects that Corridor consider lesser ROW reduc

tions through discussions with landowners.

Route Selection and Land Use Conflict

Corridor selected its preferred route using the

primary criteria of minimizing impacts on the

environment and landowners and paralleling

existing linear surface disturbances wherever

possible. Corridor used other criteria to evalu

ate route alternatives, including minimizing the

pipeline length, socioeconomic impacts and

project costs.

Two interveners addressed the main lines: Mo

bil, in the North, and the Trenholms, who farm

property that would be crossed by the main lines
in the South. Mobil holds the rights to Lease 37.

Mobil implied in its cross-examination and ar

gument that pipeline development across its

lease would cause concern regarding:

Ultimate recovery of the bitumen re

source

Location of steam injection wells

Pipeline integrity and safety issues re

lated to external heating effects on the

pipelines and possible ground uplift with

associated shearing ofthe pipeline

The Trenholms were primarily concerned with

issues associated with ROW reclamation and

potential impacts to their farming operations.

They requested Corridor to increase the width of

topsoil stripping from 6 m to 20 m, to facilitate

movement of farm equipment across the ROW

on their property. They also requested Corridor

to bury the pipeline deeper across their lands to

accommodate future use of heavy farm equip
ment and deep-plowing techniques.

Other interveners objected to the routing of Cor

ridor's pipelines through their property for vari

ous reasons.

In its closing argument, Mobil said that it be

lieved that the Board should instruct Corridor to

investigate an alternative route outside of

Lease 37. Otherwise, Mobil expected Corridor

to be responsible for costs of relocating the

main lines away from any of Mobil's future pro

duction facilities.

In response, the Board said it did not receive

sufficient evidence to establish that adverse

effects would warrant pipeline rerouting. The

Board accepted Corridor's routing criteria, envi

ronmental protection plan, and construction and

operation methods as means of reducing
land-

use conflicts.

Having regard for its resource conservation

mandate, the Board stated a concern that future

in situ bitumen production facilities on Mobil's

Lease 37 may be impacted by transmission

pipelines. Therefore, Corridor and Mobil are

encouraged by the Board to enter discussions to
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re-examine pipeline routing across Lease 37 in

more detail.

Public Safety Aspects ofConstruction and

Operation

Some interveners stated that environmental

issues, public safety, and risk factors had not

been adequately addressed by Corridor. They
asked the Board not to approve the Corridor

applications because they had not been ade

quately informed of the hazards and public

safety risks associated with the pipelines.

The Board noted the concerns expressed by the

interveners with respect to emergency re

sponse, leak detection, pipeline failures and

public safety.

On the basis of the evidence presented, the

Board stated it is satisfied that the Corridor plan,

when completed, would be capable of dealing
with emergency situations appropriately. The

Board believes that during a significant leak

event, Corridor would be able to shut down the

pipelines and notify the affected residents in a

timely manner.

Noise

Some interveners requested that the Board im

pose several restrictions in order to reduce po

tential noise impacts during construction.

The Board expects Corridor to establish a noise

complaint telephone system for use in the

community. Upon receipt of valid noise com

plaints relating to the construction or operation

of the facility, the Board expects Corridor to re

spond with appropriate mitigative measures.

FIVE PICKED TO BID FOR HAMACA

PRODUCTION FACILITIES

Five consortia have been chosen to bid for a

contract to build production facilities at the Ha

maca heavy oil project located in Anzoategui

State, Eastern Venezuela, close to the towns of

El Tigre and San Tome\

The contract will include engineering, procure

ment and construction, says Petr6leos de Vene

zuela in a press release.

The companies chosen (and consortia partners)

are Consuitores Occidentales, S.A. (COSA/

FLAG/Sofregaz-sps); Inelectra, S.A. CA. (In-

electra/Parsons); Jantesa Ingenieria y
Construc-

ci6n CA (Jantesa/Kvaemer); Otepi S.A. (Otepi/

Foster Wheeler); Tecnoconsult, S.A. (Tecno-

consuhVFIuor Daniel).

Construction on the project that will eventually

process 190,000 barrels per day of heavy crude

from the Orinoco Beit will begin in May.

From those 190,000 barrels per day of heavy
crude (8 to 9 API), the plan is to upgrade the oil

to yield 180,000 barrels per day of synthetic

light crude
(26

API) of a higher commercial

value in international markets.

PDVSA STUDIES PETROZUATA II

STRATEGY

Of the four heavy oil upgrading projects each

costing billions of dollars and involving the Ori

noco Beit and the petrochemical complex at

Jose in Anzoalegui State, Petrozuata is the

most advanced in construction.

So much so that Petroleos de Venezuela

(PDVSA) is already analyzing a feasibility study
for Petrozuata II to commence processing oil at

the end of 2004.

Petrozuata is a strategic association between

PDVSA and United States oil company Conoco.

Construction began in July 1997 and the fore

casts suggest that the first commercial barrels

of oil will be processed beginning in Octo

ber 2000.

The joint-venture project consists of processing

heavy oil and upgrading it to commercially
at-
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tractive light crude for sale in international mar

kets.

Petrozuata II will have a cost of $2.7 billion that

is included in PDVSA's Business Plan for the

period 2000-2009 as part of the corporation's

strategy to deal with an increase in the world

demand for crude oil. That increase directly
related to an improving of Asian and Latin

American economies is predicted to call for

the production of about 92 million barrels per

day and an eventual increase in Venezuela's oil

production to around 5.2 million barrels per day.

CORPORATIONS

GULF AND TOTALFINA TEAM UP FOR OIL

SANDS DEVELOPMENT

Gulf Canada Resources Ltd. in November an

nounced the signing of an agreement with Fina

Resources Inc., a subsidiary of

TOTALFINA S.A. Under the terms of the

agreement, TOTALFINA will participate in fur

ther development of Gulfs Surmont oil sands

and Kerrobert heavy oil projects and fund cer

tain project activities during the pilot phase. In

return, TOTALFINA earns an option to acquire a

50 percent working interest in either the Sur

mont commercial development project or in a

combination of the Surmont and Kerrobert proj

ects.

The Surmont leases contain an estimated

15 billion barrels of bitumen in place, ofwhich at

least 3 billion barrels are estimated to be recov

erable through the application of the steam as

sisted gravity drainage technology currently be

ing developed. It is anticipated that with contin

ued successful performance of the thermal proj

ects, among other parameters, the companies

will proceed with commercial development.

This venture combines Gulfs thermal project

design expertise and operating capability with

TOTALFINA's worldwide heavy-oil production

experience and significant downstream upgrad

ing and refining knowledge.

Both companies share a vision of production

reaching at least 100,000 barrels per day at

Surmount.

ORIMULSION COMPANY EXPECTED TO

SPLIT FROM PDVSA

It was announced in November that Venezuela

President H. Chavez is discussing whether to

privatize the company responsible for making

Orimulsion. Chavez favors separating
Bitor

the marketing company responsible for Orimul

sionfrom Petr6leos de Venezuela (PDVSA)
and converting it into a separate company.

Whether the move will include privatization is

not yet clear.

Chavez is keen to promote Orimulsion as much

as possible and has said that China, Japan,

South Korea and India are interested in the

product.

China is expected to take part in a deal for

2 million tons of Orimulsion over a 10-year pe

riod beginning in 2002. This agreement follows

Chavez's visit to China in October.

H. Ciavaldini, president of PDVSA, has reiter

ated the state-run oil monopoly's intention of

increasing its capacity to process Orimulsion.

Ciavaldini said that following Chavez's suc

cessful 2-week tour of Asian countries in which

the sale of Orimulsion was taken up with both

China and Japan, the water-based heavy pe

troleum emulsion is becoming more and more

important to the country as a vital export.

Although it encountered a serious setback when

a huge deal with a powerplant in Florida even

tually fell through, the Government of Vene

zuela is determined that its unique product will
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one day make up a large percentage of sales

that today are supplied by crude oil.

GOVERNMENT

ALBERTA CRUDE BITUMEN PRODUCTION

RUNNING 42,000 CUBIC METERS

(260,000 BARRELS) PER DAY

Data released by the Alberta (Canada) Energy
and Utilities Board in December 1999 give the

average production rates of crude bitumen by
project for the first 10 months of 1999. These

data are summarized in Table 1 (next page). By
far the largest producer is the Imperial Cold

Lake operation at 130,000 barrels per day, fol

lowed by the Amoco Primrose operation at

28,000 barrels per day.

OIL SANDS ORDERS AND APPROVALS

LISTED

The recent orders and approvals in the oil sands

area issued by Alberta, Canada's Energy and

Utilities Board in 1999 are listed in Table 1,
page 3-20.

RECENTLY TERMINATED ALBERTA OIL

SANDS PROJECTS LISTED

The Alberta (Canada) Energy and Utilities Board

publishes a Statistical Series which lists Alberta

Approved Projects, including:

Oil Sands - Experimental and Commer

cial Schemes

Oil Sands - Primary Recovery Schemes

and Central Processing Facilities

Both currently active and terminated projects

are listed. Most of the currently active projects

show up in the bitumen and syncrude production

data presented elsewhere in this issue. A list

ing of recently Q.e., in the 1990s) terminated

project approvals is given in Table 1 ,
found on

page 3-22.

ECONOMICS

CERI PROJECTS SUPPLY COSTS FOR

HEAVY OIL

At the Canadian Heavy Oil Association Confer

ence "Beyond 2000 - The Future Looks
Heavy,"

held in Calgary, Alberta, Canada, in Novem

ber 1999, L. Fisher of the Canadian Energy Re

search Institute (CERI) discussed the future

supply cost of Canadian heavy oil and bitu

mens.

Supply cost is the "threshold price needed to

make development of the resource
economic."

Fisher states this to be a flat price for production

at the field, usually stated in real dollars. It in

cludes all cash costs, plus a return on invest

ment. It can be equated to a market price if

estimates are available for diluent costs, trans

portation costs and light/heavy oil differentials.

CERI developed the supply costs for commer

cial Steam-Assisted Gravity Drainage (SAGD)
by using:

Industry required return: 10 percent (real)

Natural gas cost: C$2.20 per gigajoule

(US$2.25 per million BTU)

Light/heavy differential: US$5 per barrel

(West Texas Intermediate-Lloyd blend at

Chicago)
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TABLE 1

ALBERTA CRUDE BITUMEN PRODUCTION

(Average per Calendar Day for January-October 1 999)

Cubic

Meters

Operator Area/Sector Aooroval per Dav

Commercial Schemes

Imperial Cold Lake 3950 20,726

ELAN Lindbergh 4746 885

PanCanadian Lindbergh 6099 8

Murphy Lindbergh 6410 28

ELAN Elk Point 6726 214

Suncor Primrose 6804 238

Amoco Primrose 7407 4,584

Amoco Wolf Lake 7922 260

Shell Peace River 8143 950

Total Commercial 27,893

Primary Recovery Schemes

Norcen Lindbergh 5692 28

Texaco Frog Lake 6280 816

Norcen Lindbergh 6292 300

PanCanadian Lindbergh 6512 17

PanCanadian Pelican Lake 6619 694

Amoco Brintnell 6723 1,524

Norwest Lindbergh 6764 81

PanCanadian Frog Lake 6984 226

ELAN Lindbergh 7055 1

ELAN Lindbergh 7118 191

PanCanadian Lindbergh 7138 69

AEC Frog Lake 7164 71

ELAN Lindbergh 7303 8

Koch Beaverdam 7306 460

Husky Frog Lake 7344 15

ELAN Lindbergh 7389 6

Purchase Lindbergh 7515 79

PanCanadian Lindbergh 7689 72

PanCanadian Lindbergh 7700 93

PanCanadian Frog Lake 7771 137

Husky Frog Lake 7812 73

Poco Frog Lake 7895 2

Poco Frog Lake 7920 59

Numac Wolf Lake 7936 237

CNRL Brintnell 7964 877

Husky Frog Lake 7990 194
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TABLE 1 (Continued)

Cubic

Meters

Operator Area/Sector Aooroval oer Dav

ELAN Beaverdam 8002 8

PanCanadian Lindbergh 8003 44

Koch Lindbergh 8017 324

Koch Frog Lake 8018 5

PanCanadian Frog Lake 8030 14

Koch Lindbergh 8035 19

Norcen St. Paul 8041 3

CNRL Bonnyville 8042 355

ELAN Cold Lake 8043 24

ELAN Lindbergh 8050 358

Amber Brintnell 8061 1,089

CNRL Bonnyville 8066 59

Murphy Lindbergh 8069 125

Barrington St. Paul 8075 79

CNRL Lindbergh 8087 77

Norcen Lind/St. Paul 8103 304

PanCanadian St. Paul 8114 7

Barrington Lindbergh 8118 92

PanCanadian Lindbergh 8136 27

PanCanadian Lindbergh 8144 71

CNRL Frog Lake 8161 124

CNRL Beaverdam 8162 1,479

ELAN Beaverdam 8179 200

Anderson Frog Lake 8202 19

ELAN Cold Lake 8207 1

AEC Pelican Lake 8265 252

Northstar Panny 8304 14

CNRL Wolf Lake 8319 27

Barrington Beaverdam 8341 20

Union Cold Lake 8434 56

CNRL Bonnyville 8536 43

Total Primary 11,578

Conventional Bitumen
Recovery* 1,717

Experimental Schemes 584

Total 41,772

*Crude bitumen production not associated with an approved oil sands

project.
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TABLE 1

SUMMARY OF OIL SANDS ORDERS AND APPROVALS

Order Number Date

App 8466

App 8063B

App8103A

App 8434

App8143C

App 8265A

MU 1782

App 8519

App 641OE

App 6280E

7 Jan 99

2 Feb 99

11 Feb 99

4 Mar 99

27 Apr 99

27 Apr 99

11 Jun 99

23 Jun 99

3 Jun 99

11 Jun 99

Description

Experimental Oil Sands Schemes

Deer Creek Energy Limited

Athabasca Area

Experimental Oil Sands Schemes

Gulf Canada Resources Ltd.

Athabasca Area

Primary Recovery Schemes

Union Pacific Resources Inc.

Lindbergh, Siler and Cunard Sectors

Primary Recovery Schemes

Union Pacific Resources Inc.

Lindbergh Sector

Commercial Oil Sands Schemes

ReplacesApp 5545

Shell Canada Limited

Cadotte Lake Area

Primary Recovery Schemes

AEC East

Pelican Area

Commingled Production

Mannville Group Pools

Experimental Oil Sands Schemes

Amoco Canada Petroleum Co. Ltd.

Brintnell Area

Commercial Oil Sands Schemes

Murphy Oil Co. Ltd.

Lindbergh Sector

Primary Recovery Schemes
Canadian Natural Resources Ltd.

Frog Lake Sector

Expires/

Rescinds

31 Jul 2000

31 Jul 2000

30 Dec 2014

App 6772

31 May 2001

31 Dec 2009
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TABLE 1 (Continued)

Order Number Date Description

App 8061 C 22 Jun 99 Primary Recovery Schemes

Amber Energy Inc.

Brintnell Area

App 8601 D 27 Jul 99 Primary Recovery Schemes

Amber Energy Inc.

Brintnell Area

Expires/

Rescinds

App 7964E 3 Aug 99 Primary Recovery Scheme

Canadian Natural Resources Ltd.

Brintnell Area

App 7990C 9 Aug 99 Primary Recovery Scheme

Husky Oil Operations Ltd.

Frog Lake Sector

App 8006A 24 Sep 99 Experimental Oil Sands Schemes

AEC Oil and Gas

Athabasca Area

31 Jan 2000

App 8466A 1 Nov 99 Experimental Oil Sands Schemes

Deer Creek Energy Limited

Athabasca Area

31 Dec 2000

App 8566 30 Nov 99 Primary Recovery Schemes

The Predator Corporation Ltd.

Beaverdam Sector

App 8567 30 Nov 99 Primary Recovery Schemes

Crispin Energy Inc.

Mannlake Sector
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TABLE 1

RECENTLY TERMINATED PROJECTS

(Those Active at Some Time During the Period 1990-1999)

Approval No. Operator Area Recovery Method

4943 Can. NW Energy Wildmere Electrical Stimulation

5047 PanCanadian Lindbergh Steam Stimulation

4780 AEC Suffield Combustion

4567 Canadian Occidental Morgan Combustion

3425H Suncor Fort Kent Steam Stimulation

4182 Koch Fort Kent Steam Stimulation

1954D Murphy Lindbergh Steam Stimulation

4795 Excel Ardmore Steam Stimulation

4246 BP Marguerite Lake Steam Stimulation

3878F Husky Tucker Lake Steam Stimulation

OS 0001 3X Husky Fisher Creek Steam Stimulation

3603D Unocal McLean Steam Stimulation

4833B Unocal Buffalo Creek Steam Stimulation

5930A Mazzei Oil Inc. Frog Lake Electromagnetic Stimulation

5802 PanCanadian Medicine Hat Steam Stimulation

4871 B Norwest Lindbergh Steam Stimulation

5844B PanCanadian Provost Steam Stimulation

4281C Amoco Gregoire Lake Steam Stimulation

4671 Murphy Lindbergh Steam Stimulation

301 1G CS. Resources Pelican Area Steam Stimulation

5814B Mazzei Oil Inc. Frog Lake Electromagnetic Stimulation

4229 Norwest Lindbergh Steam Stimulation

4673A Norwest Lindbergh Primary Production

4206F Canterra Keari Lake Steam Stimulation

4367G Norwest Lindbergh Steam Stimulation

6386 Amoco Brintnell Steam Stimulation

5225A Mobil Wolf Lake Steam Stimulation

6808 Bitmin Calgary Surface Mining
4198D AOSTRA McKay Shaft and Tunnel

6011A BowValley Marie Steam and C02
6349B Esso Cold Lake Basehole Mining
601 0B Canada Energy NW Atlee-Buffalo Steam Stimulation

3105D Amoco Morgan CTD/Steam Stimulation

4785F Suncor Primrose Steam Stimulation

5939 OSLO Keari Lake Bulk Sample Pit

571 5B OSLO Fort McMurray Simulated Dredging
3250G Home Oil Lloydminster Steam Stimulation/Flood

5568 AEC Ipiatik Lake Steam Stimulation

6398 Mobil Oil Wolf Lake Steam Stimulation

4467A Canadian Occidental Manatokan Steam Stimulation
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ADDroval No. Operator Area

4685 Amoco Lindbergh

4491H Amoco Lindbergh

5010 Mazzei Oil Inc. Frog Lake

6125A Deal Resources Frog Lake

6454C Koch Beaverdam

7252 Koch Beaverdam

4491 Amoco Lindbergh

6328B Koch Fort Kent

7238 Koch Bonnyville

5815B Husky Fisher Creek

571 8D Amoco Primrose

6869 Esso Fort McMurray
5884 Norcen Cold Lake

4765A Suncor Mildred Lake

5641E Syncrude Mildred Lake

7173 Koch Wildmere

7253 Bitmin Mildred Lake

4336F Petro Canada Hangingstone

4414C Norcen Provost

6968A CNRL Morgan

6975A PanCanadian Provost

6440 Chevron Steepbank

5742H Amoco Wolf Lake

00015X ELAN Energy Lindbergh

7016E CS Resources Pelican Area

7909 Texaco Frog Lake

7372B Koch Beaverdam/Bonnyville

5545 Shell Cadotte Lake

7752 Shell Cadotte Lake

3369 Imperial Oil May-Ethel

5561K Imperial Oil Leming
7516 Probe Exploration Lloydminster

8059 PanCanadian Provost

6934 Shell Bluesky-Gething
7810 ELAN Energy Provost

7827 ELAN Energy Lindbergh

7853A ELAN Energy Lindbergh

7859A ELAN Energy Muriel Lake

7908 ELAN Energy Wolf Lake

7919 Norcen Provost

TABLE 1 (Continued)

Recovery Method

Primary Production

Steam Stimulation

Primary Production

Primary Production

Primary Production

Primary Production

Steam Stimulation

Steam Stimulation

Primary Production

Steam Stimulation

Steam Stimulation

Hydraulic Mining
Steam Stimulation

Surface Mining
Surface Mining
Electromagnetic Stimulation

Extraction/Froth Treatment

Steam Stimulation

Steam Stimulation/Drive

CTD/Steam Stimulation

HorizontalWell/Steam Flooded

Horz. Well & Cyclic Combustion

Steam Stimulation

Steam Stimulation

Horizontal Well

Electromagnetic Stimulation

Steam Stimulation

Pressure Pulsed Steamflood

Horizontal Well

Steam Stimulation

Steam Stimulation

Steam Assisted Gravity Drainage

Water & Gas Injection

Enhanced Steam Assisted Gravity Drainage

Steam Assisted Gravity Drainage

Single Well Steam Assisted Gravity Drainage

Single Well Steam Assisted Gravity Drainage

Single Well Steam Assisted Gravity Drainage

Single Well Steam Assisted Gravity Drainage

Single Well Steam Assisted Gravity Drainage

THE SYNTHETIC FUELS REPORT. JANUARY 2000

3-23



OIL SANDS

Results as a function of reservoir properties are

seen in Figure 1 .

Results as a function of crude oil properties are

seen in Figure 2 (next page).

According to Fisher, their calculations indicate a

total resource recoverable by SAGD of 30 billion

cubic meters (190 billion barrels) at a world oil

price of US$25 for West Texas Intermediate

petroleum crude oil (Figure 3, next page). This

is out of a total resource in-place of 276 billion

cubic meters (Figure 4, page 3-26).

TECHNOLOGY

ALCOHOLS DEMONSTRATE DRAG

REDUCTION IN HEAVY OIL

Transporting heavy crude oil by pipeline re

quires special facilities because the viscosity is

so high at normal field temperatures. Commer

cial drag reducers have not been found to be

effective because the single-phase flow is usu

ally laminar to only slightly turbulent. In a paper

by D. Storm et al. of Texaco Inc. published in

Journal of Energy Resources Technology, Sep
tember 1999 issue, they show the effective vis

cosity of heavy oils in pipeline flow can be re

duced by a factor of 3 to 4. It is hypothesized

that a liquid crystal microstructure can be

formed so that thick oil layers slip on thin water

layers in the stress field generated by pipeline

flow.

Heavy crude oils with an API gravity less than
15

have viscosities that are too high to pump at

ambient temperatures. For example, the vis

cosity of Kem River crude oil is 9 to 10 Pa.s at

room temperature, while 0.1 Pa.s is a desired

pipeline viscosity. It is being transported

40 miles from the field in Bakersfield, California,

to the San Francisco market in a heated pipe

line.

A more extreme case is crude oil from the Ha

maca region in Venezuela. It has a viscosity of

FIGURE 1

SAGD SUPPLYCOSTS FORHIGH QUALITYRESERVOIRS

Resource Thick. Bulk Sat Perm. SOR

(m) (%) (D) 1

Lloydminster 20 28 5 2.3

(Mannville)

Cold Lake 35 26 2 2.5

(Clearwater)

Athabasca 35 30 5 2.0

(McMurray)

(

SOURCE: CERI

) 5 10 1

Supply Cost@ Field - Cdn$/1

5

b
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FIGURE 2

SUPPLYCOSTRANGE FORHEAVYOIL

(Price at the Field, Including 10 Percent RealReturn)
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FIGURE 3

ECONOMICALLYRECOVERABLE OILSANDS RESOURCES

BASED ON CURRENTSAGDTECHNOLOGY
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FIGURE 4

CANADIAN HEAVYOILAND OILSANDSRESOURCES

SOURCE: CERI
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approximately 400 Pa.s at room temperature. It

must be moved approximately 100 miles from

the Hamaca field to the Jose upgrader on the

coast. One plan is to dilute it by 30 percent with
kerosene.

Not only are there extra capital costs for heat

ers, extra pumps, and larger-diameter pipelines

when producing heavy crude oils, but operating
costs are obviously higher. In the case of Ha

maca, the cutterwill be separated from the oil at

the upgrader, and returned to the field in a sec

ond pipeline. These higher costs are a signifi

cant consideration when new developments of

heavy oil resources are being contemplated.

Commercial drag reducers have been used suc

cessfully to reduce pumping costs in the Trans

Alaska Pipeline. However, these drag reducers

are not effective in heavy oil pipelines. Drag
reducers are thought to dampen turbulent fluc

tuations in the nearwall region, and because the

flow in heavy oil pipelines is laminar, or only
slightly turbulent, at the fluid velocities that can

be obtained practically, the drag-reducing

chemicals would not be expected to be effec

tive. Nevertheless, the possibility of being able

to reduce operating costs, or increase through

put on demand, by adding a chemical is an ex

tremely attractive option.

According to Storm et al., another solution is to

create a lubricated flow in which water flows

next to the pipe wall, while oil flows in the core

annular space. Apparently, there are two unre

solved problems for commercial applications.

First, heavy components in the oil tend to foul

the pipe and eventually interrupt the flow, and

second, it is difficult to restart the core annular

flow after an emergency shutdown.

Chemically, heavy oil differs from light oil by
containing a group of molecules called the as

phaltenes, which are a mixture of a great many
molecules. They are usually defined as those

molecules that precipitate on addition of hep
tane.

At least part of the asphaltenes exist in heavy
oil as colloidal particles. It is basically interac-
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tions between these colloidal particles that

causes higher viscosities. It has been known for

some time that asphaltenes behave as surfac

tants at oil-water interfaces.

The presence of asphaltenic surfactants which

organize into micelles under certain conditions

implies heavy oil is a complex fluid, or a fluid

that has a microstructure. It is well known that

complex fluids such as shampoo have unusual

rheological properties. A shampoo must be

thick and viscous in the container, but flow

through a small opening when the container is

squeezed. This is accomplished by creating a

network of entangled cylindrical micelles which

will break under the stresses generated when

the shampoo is squeezed out through the small

opening.

Because pentanol is often added to stabilize a

liquid crystal phase, the effect of adding penta

nol and other alcohols on the flow characteris

tics of heavy oil was studied by Storm et al.

They found there is a significant drop in viscos

ity that depends on both the identity of the alco
hol and the position of the alcohol functional

group along the chain.

The effect of alcohols on the flow characteristics

of heavy oils was evaluated first in a 1 .25-inch

circulating oil flow loop, 86 feet long, then in a

6-inch line 1 ,800 feet long.

Pentanol (1 -pentanol) is thought to get between

surfactant molecules and reduce head group
repulsion at the interface. Apparently, the five-

carbon chain is just long enough to be incorpo

rated in the hydrocarbon environment, but not

too long as to cause disorder. It is important for

the alcohol group to be at the end ofthe chain in

order for the alcohol chain not to spoil the

packing ofthe surfactant molecules.

Kerosene is expected to be a simple diluent.

Tests illustrate that 1-pentanol is at least twice

as effective in reducing the viscosity as kero

sene, suggesting that it is not a simple diluent.

Butanol and pentanol are not only more effec

tive than kerosene, but also more effective than
other similar alcohols.

The addition of a commercial drag reducer in

combination with 1 -pentanol lowers the viscosity

even more. The optimum concentration de

pends on both the oil and the concentration of

alcohol.

Figure 1 shows that the reduction in viscosities

translate into an increase in flow rate.

FIGURE 1
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With the heavy Venezuelan crude oil BCF13 the

maximum flow rate in the flow loop can be in

creased by more than a factor of 2 when

5 percent pentanol and 0.1 percent drag reducer
are present.

The role that drag reducer plays when pentanol

is present is not understood at present. It is

possible that the drag reducer also contains

surfactants, and these could help stabilize the

liquid crystal microphase. Another conjecture is

that the high-polymer drag reducer increases

the stability of the membrane interface to ther

mal fluctuations.

One point of special interest in these tests was

what would happen after an emergency shut-
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down. In core annular flow, one would expect

that it would be difficult to re-establish the flow.

However, if the liquid crystal phase is involved,
one might imagine that the pipeline could be

restarted with only a momentary pressure in

crease corresponding to the effort required to

re-orient the liquid crystal planes in the direction

of flow. Experiments showed that this is indeed

the case. The line was restarted after a

25-second shutdown, and after a brief pressure

transient, the pressure in the line returned to its

previous value.

Storm et al. conclude that the pressure drop
associated with pipeline flow of heavy crude oil

can be reduced significantly by adding butanol

or pentanol. The flow can be completely re

established within moments after an emergency

shutdown.

INFRARED TECHNOLOGY MAPS OIL SAND

GRADE

Industries (ISOM) Project to showcase this

technology.

One of the novelties of the technology is that

both the system and the sensing wavelengths

can be easily adapted to different minerals and

mining methods. Companies that mine oil

sands and other non-metallic minerals, such as

limestone, will likely be the first to benefit. The

ore grade imager can also be adapted to metal

lic minerals, such as nickel and copper, as

ISOM's field tests at Inco's Sudbury mine re

cently demonstrated.

In fact, the ISOM partnership was crucial in

broadening the range of potential applications

for this innovative intelligent sensing system.

"We came to realize during the project that

there are many other ways to implement the
technology,"

G. Sedgwick of ARC says. "ARC,

along with the other participants, will pursue li

censing opportunities. In the meantime, we will

prepare a viable plan for
commercialization."

The oil industry may be the first to benefit from

a novel remote sensing instrument that uses

infrared technology to map oil sand grade at the

mine face. A working prototype has been de

veloped by the Alberta (Canada) Research

Council (ARC), MPB Technologies Inc., Syn

crude Canada Ltd. and PRECARN. The first

field tests, conducted at Syncrude's Fort McMur

ray mine, were an unqualified success.

According to ARC, the next generation of

equipment is now being designed. The ore

grader incorporates multispectral imaging tech

nology. By collecting information at several

wavelengths, the instrument measures the

grade distribution across the mine face. Image

data are converted to quantitative values of bi

tumen concentration and displayed in real-time

at the mine face, allowing operators to control

the grade of oil sand sent to the extraction plant.

Process optimization means considerable cost

savings.

Last summer ARC hosted a workshop on Intelli

gent Sensing Systems for the Oil and Mining

INTERNATIONAL

CHINA SAYS ORIMULSION TO BE DUTY

FREE IN 2003

China has said it will not apply duties to imports

ofVenezuelan Orimulsion from 2003 onward.

Originally China had said it would cut out import

duties after a 5-year period but now the Gov

ernment of Beijing has reduced the wait to just

3 years.

According to a December announcement in

Venezuela, China is interested in doing business
with state-run Petr6leos de Venezuela in order

to build three Orimulsion plants and keep the

country stock-piled with the product a cheaper

alternative to coal.
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ENVIRONMENT

VAPEX PROCESS SHOWS CLIMATE

CHANGE ADVANTAGE

The Vapex process is a non-thermal process

that has the potential to greatly reduce the

greenhouse gas emissions for oil sands and

heavy oil recovery because it does not require

the reservoir to be heated. Petroleum Recovery
Institute (PRI) was the operator of a joint indus

try project of 16 participants with nine research-

performing organizations. During 1998 the proj
ect investigated the commercial-scale econom

ics for the Vapex process.

The climate change advantages of the Vapex

process were described by R. Luhning and

C. Luhning at the Canadian Heavy Oil Associa

tion Conference, "Beyond 2000, The Future

Looks
Heavy,"

in Calgary, Alberta, Canada, No

vember 1999.

The Vapex (vapor extraction) process uses va

porized solvents which are injected into heavy
oil or bitumen reservoirs. The solvent dissolves

in the oil at the natural reservoir temperature,

reducing the viscosity of the oil, which will then

readily flow by gravity to a horizontal production
well. As shown in Figure 1 , twin horizontal wells

are used for the recovery process. Vapex gas is

injected into the upper well where it dissolves in

the oil, which then drains to the lower producer.

In 1998 PRI operated a project called

"Development of Full Project Engineering and

Economics for the Vapex
Process."

The project

continued in 1999 with Phase 2 for Vapex op

erations design on "How to Operate Vapex in

the
Field"

which includes conceptual design of

two Vapex pilot plants for an oil sands applica

tion and a heavy oil reservoir application with

underlying water. A substantial field pilot of the

Vapex process for the Athabasca reservoir is

now under consideration.

The Vapex process has several potential ad

vantages and disadvantages for commercial-

FIGURE 1

THEVAPEXCONCEPT

SOURCE: LUHNINOANDLUHNING

scale economic oil production. The potential

advantages are:

No steam generation

No water processing/recycle

Lower fuel costs

Greater energy efficiency

Lower carbon dioxide emissions

May be advantageous in thin reservoirs

orwith bottom water

Potential in situ upgrading

The potential disadvantages are:

Solvent compression

Solvent losses and potential sensitivity to

reservoir heterogeneity
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The process has not been tested in the field us

ing the twin horizontal well arrangement. The

well and facilities designs are also untested.

In order to evaluate the Vapex recovery proc

ess, the participants chose a range of three dif

ferent reservoir types as the basis for the re

search. The reservoirs were Athabasca Oil

Sands, Cold Lake Oil Sands and South East

Alberta Heavy Oil.

According to Luhning and Luhning, the work

indicates that supply cost economics for each of

the three reservoirs are attractive and economic

at present oil prices. The Vapex process also

has the obvious greenhouse gas advantage in

that it is a non-thermal process with a low en

ergy requirement. In addition, carbon dioxide

may be permanently sequestered in the de

pleted wells after the Vapex gas (such as pro

pane) is extracted for reuse in the next new well

pair.

The Vapex supply costs are attractive mainly

because the facilities are relatively simple and

operating energy costs low. The alternate ther

mal processes involve steam generation,

oil/water separation and water conditioning for

reuse. The cost for the Vapex solvent (propane,
for example) represents a small portion of the

total supply costs. In part, this is because a

majority of the solvent is recovered from the

depleted reservoir wells and can be used over

and over again in the new replacement well

pairs. It is thus much like a dry cleaning opera

tion for clothes.

Climate Change Advantage

The Vapex non-thermal recovery process has a

number of important climate change and envi

ronmental advantages which cover the whole oil

production cycle including: reservoir production,

pipeline transportation, refinery upgrading and

conservation of resources. The advantages are

described below with an overview provided in

Table 1.

void in the reservoir which must be pressure

maintained in order to discourage Vapex gas

migration into the depleted area from the new

area of the reservoir. Carbon dioxide is a good

gas with which to pressure the depleted area. It

is slow to dissolve in the remaining cold heavy

oil and when it does dissolve, the oil viscosity

will be reduced, allowing further recovery on a

"stripper*

well basis. The amount of carbon di

oxide that can be permanently sequestered de

pends on the reservoir pressure. For a

4,000-cubic meter oil per day Vapex commer

cial-scale operation the estimated amount of

carbon dioxide that can be sequestered in a low-

pressure shallow Athabasca Vapex-depleted

reservoir is 80,000 tonnes per year, and for a

high-pressure deep Athabasca or Cold Lake

Vapex-depleted reservoir would be

300,000 tonnes per year.

The amount of carbon dioxide sequestered is

significant. It is equivalent to about 0.5 to

2.0 percent of the total carbon dioxide produced

by all the cars in Alberta.

The Vapex process is a non-thermal process,

thus heating of the reservoir is not required. A

small amount of heat is required in the surface

facilities to recover the Vapex solvent for rein-

jection. The amount of carbon dioxide emis

sions from steam generation is directly related

to the amount of steam required and the fuel

used. For a 4,000-cubic meter per day opera

tion, the natural gas requirement for a steam

process is about 1.15 million cubic meters per

day, while the Vapex process requirement is

only about 85,000 cubic meters per day. The

natural gas used in the steam process produces

about 900,000 tonnes per year of carbon dioxide

when burned as fuel.

Under certain conditions, Vapex production

causes some asphaltenes to remain in the res

ervoir producing an upgraded bitumen of lower

viscosity and lower density. This reduces the

energy required for transportation and associ

ated emissions.

When a Vapex production well-pair is depleted,
the Vapex solvent gas is back produced and

reused in the next new well-pair. This leaves a

In the refinery, the lighter bitumen produced by
the Vapex process will require less hydrogen to

be upgraded. This will reduce emissions be-
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TABLE 1

VAPEX CLIMATE CHANGE ADVANTAGE POTENTIAL

Sequester carbon dioxide produced elsewhere equivalent to the car tailpipe emissions from a city of

15,000-60,000 for a 4,000 m3/d Vapex oil production operation.

Sequester more carbon dioxide than produced by the energy required for the Vapex recovery.

Energy efficient non-thermal recovery process.

Conserve clean natural gas and fresh water due to minimal requirements.

Recycle Vapex gases from depleted reservoirs for reuse.

Vapex in situ upgrading reduces hydrogen usage, emissions and debottlenecks refinery upgrading

(carbon dioxide is a byproduct of hydrogen production).

* Lighter Vapex bitumen requires less diluent and less energy to pipeline per barrel of oil shipped.

Less surface disturbance with Vapex due to fewer surface facilities and wider well spacing.

Low pressure, non-thermal operation reduces impact on adjoining reservoirs.

cause carbon dioxide is an excess byproduct

when making hydrogen.

The total greenhouse gas emissions dur

ing 1995 in megatonnes CO2 equivalents per

year were 652 in Canada and 185 in Alberta.

Canada's commitment under the Kyoto Protocol

is to reduce Canada's greenhouse gas emis

sions to 6 percent below 1990 levels by the pe

riod 2008 to 2012. This will require a 25 percent

drop in emissions from Business-As-Usual

(BAU) projections. The BAU projections of

greenhouse emissions in megatonnes C02

equivalents per year at year 2010 are 703 for

Canada and 215 forAlberta.

The predicted BAU greenhouse gas emissions

increase from 1995 to 2010 for the Alberta fossil

fuel supply category is 9.6 million tonnes per

year. Luhning and Luhning conclude the use of

Vapex to produce 40,000 cubic meters per day
(250,000 barrels per day) of bitumen could

completely eliminate the predicted BAU green

house gas emission increase to 2010 for the

fossil fuel supply category in Alberta (Figure 2).
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STATUS OF OIL SANDS PROJECTS

COMMERCIALANDR&D PROJECTS (Underline denotes changes since January 1999)

ASPHALT ANDOILS FROMTAR SANDS - JamesW. Bunger andAssociates, Inc. (T-5)

J. W. Bunger and Associates, Inc. (JWBA) is developing the Utah Tar Sands Venture. This venture will review asphalts and high value

commodity products, in particular, naphthenic oils. The project contemplates a surfacemine and water extraction ofbitumen followed by clean

up and treatment ofbitumen to manufacture specification asphahic products. JWBAhas secured rights to patented technology developed at the

University ofUtah for extraction and recoveryofbitumen frommined ore.

JWBAhas completed an R&D program for development oftechnology and assessment ofmarkets, resources and economics for asphalt produc

tion. A 300 pound per hour process unit with water recycle was designed, constructed and tested. JWBA has conducted a program for value-

added research to extracthighvalue commodity and specialty products from tar sand bitumen.

Conceptual design and project economics for a 5,000 barrel/day commercial facility has been examined. Results show a strong potential for

profitability at about 20 percent internal rate ofreturn; two stages offinancing are contemplated. The commercialization plan calls for completion

ofmarket research and design engineeringwithin two years of initial investment The engineering,market and economic datawill form the basis

forprecommercial and commercial developments.

ProjectCost Research andDevelopment: $1.5 million (completed)
Demonstration project: $10million

Commercial Facility: $135 million

ATHABASCAOIL SANDS PROJECT - Shell Canada Limited (60%\ Chevron Canada Resources Ltd. f20%\ andWestern Oil Sands Inc. (20%)

(T-138)

Shell Canada and its partners aremoving forwardwith the C$3.5 billion AthabascaOil Sands Project Startup is now scheduled for 2002. The

projectwas originally a partnership between Shell andBrokenHill ProprietaryCompany.

The companies spent more than C$100million on detailed commercial and technical evaluations ofthe 155.000-barrel per day project, which

includes:

MuskegRiverMine

ScotfordUpgrader

TheMuskegRiverMine application was filed at the end of 1997 and the upgrader and pipeline applications were filed in 1998. Environmental

studies and public consultationwere conducted throughout the year.

The Muskeg River Mine is a C$1.8 billion surface mine and extraction facility on Shell's Lease 13 in Northeastern Alberta. A significant

milestone ofthe feasibility study was a C$25million pilot plant on the lease to test extraction processes on a large scale. The pilot, which

received regulatory approval in January 1998, startedup inmid-1998. The pilot plant provided information to develop the detailed design ofthe

full-scale extraction facility.

The Scotford Upgrader is aC$1.7 billion projectwhich will be built next to Shell's existing Scotford Refinery north ofFort Saskatchewan. The

Scotford Upgrader will process 140,000 to 150,000 barrels per day ofbitumen from the Muskeg River Mine. It will use hydrogen addition

processes forupgrading rather thanmore conventional coking.

Associated with the project, but owned and operated by others, is the Corridor Pipeline, a C$500million, 496-kilometer pipeline which will

transport diluted bitumen from Lease 13 to the Scotford Upgrader. The Corridor Pipeline will transport 215,000 barrels per day of diluted

bitumen from theMuskegRiver Mine to the ScotfordUpgrader. A return line will cany 65,000 barrels per day ofdiluent back to the Muskeg
RiverMine.

In addition to its joint venture investment ofC$2.1 billion tomake syncrude. Shell Canadawill invest aboutC$400million tomodify its existing

Scotford refinery to utilize the new svncrude to be produced bv the ScotfordUpgrader.

Construction ofthe ScotfordUpgraderwas expected to begin in 1999. First processing is scheduled for the fall of2002 when production from

the Lease 13 Project is scheduled to begin.
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STATUSOFOIL SANDSPROJECTS (Underline denotes changes since January 1999)

COMMERCIALAND R&DPROJECTS (Continued)

AURORAMINE - Syncrude Canada, Ltd. (T-15)

The AuroraMine is located about 35miles north ofSyncrude's present plant at Mildred Lake. Development ofthe Aurora and North Mines is

made possible by the use ofthe hydro-transport ofbitumen froth, developed by Syncrude. Processing will be carried out at the Mildred Lake

facility.

Production at theAuroraMine, scheduled to be started in 2000,will have an initial production level of35 million barrels ofbitumen per year.

BLACKROCK VENTURES IN SITURECOVERY PROJECT - BlackRockVentures, Inc. (BRVI) (T-22)

BRVIwas createdby a reorganization ofDiscoveryWest Corporation forme purposes ofdeveloping the Rayrock Yellowknife Resources Inc. oil

sand lease near ColdLake, Alberta, Canada. Thisproperty is estimated to contain 700million barrels ofin situ bitumen.

In late 1996 BRVI successfully completed two Steam Assisted Gravity Drainage (SAGD) wells. Inmid-1997 construction ofsurface facilities,

consistingprimarilyofa steam generationplant, oil separation and storage facilities. The pilot plant, at peak capacity, is expected to produce 600

barrels per day. Several additional SAGDwellswill be used to test optimal well-spacing and reservoir positioning, leading to the development of

commercial operations. Commercial operations, anticipated to produce 25,000 barrels perdayover a 30-year life, are expected to begin operation

by 2001.

ProjectCost $8million

BURNT LAKE PROJECT - Suncor Energy Inc., Amoco Canada PetroleumCompanyLtd. (T-30)

TheBurntLake in shu heavy oil project is located on theBurnt Lake property in the southern portion ofthe Primrose Range in northeastAlberta

BurntLake is estimated to containup to 1 billion barrels ofrecoverable heavy oiL

Themulti-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 projectwas again halted in early 1989. By then, 44wells in two clusters and 7 delineationwells hadbeen drilled and cased.

A pilot was initiated at these wells in 1990 to test the cold flow production technique whereby the bitumen is produced togetherwith some sand

using a progressive cavitypump. Results have beenmixed and the testwas suspended in 1993.

In 1996 Suncor received approval from the Alberta Energy and Utilities Board for a two-phase development using the steam-assisted gravity
drainage (SAGD) process. The process utilizes pairs ofhorizontal wells with the steam injectorwell 5meters above the producerwell. Suncor

expects to recover 60 percentofoil-in-place.

Phase I construction started in the second quarter of 1996. Three horizontalwell-fairs and six observation wells were drilled. Start-up began in

December 1996. Production from Phase 1 is expected to reach 2,500 barrels per day. As of late 1999. the timing of Phase o. is said to be

dependent on the long term performance ofPhase 1 and favorable economic conditions.

ProjectCost $25 million (Can), Phase 1

$100million (Can), Phase 2

CERRONEGRO ORINOCO TAR SANDS PROJECT - Mobil andLagoven (T-135)

The Cerro Negro project (Operadora Cerro Negro, or OCN) is a joint venture involving Mobil Corporation (41.67 percent), Petroleos de

Venezuela S.A. (PDVSA) (41.67 percent) andVebaOel AG (16.66 percent). The project includes extraction ofextra-heavy
8.5

API crude from

the Cerro Negro region. The crude, mixed with diluent, will be transported to an upgrader at Jose where a delayed coker will produce

105,000 barrels per day of synthetic crude. Of this, 87,500 barrels per day will be transported to the joint-venture Mobil/PDVSA Chalmette

refinery nearNewOrleans, Louisiana.

Field production is scheduled to begin in 1999 at a rate of 60,000 barrels per day and reach 120,000 barrels per day when the upgrader is

completed in 2001. A total of350 wells will be drilled over the project life of35 years.

Mobil and PDVSA's portion ofthe upgraded crude will be refined at theirjoint-venture Chalmette refinerywhileVeba's share will go to the Ruhr

Oel refinery inGermany. This refinery is a joint venture ofPDVSA andVeba.

Project Cost $2.5 billion
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STATUSOFOH SANDSPROJECTS (Underline denotes changes since January 1999)

COMMERCIALANDR&DPROJECTS (Continued)

CHRISTINALAKE THERMALPROJECT - PanCanadian Petroleum, Ltd. (T-35)

CS Resources/PanCanadian are developing the Christina Lake Thermal Project in the McMurry Formation ofthe Athabasca Oil Sands near the

town ofConklin, Alberta. The project is a thermal heavyoil project to be developed in three phases. Phase 1 construction is scheduled to begin in

2000. This construction conshs ofsurface facilities and two horizontal well pairs. Production is expected to be approv"^Y 7.000 barrels per

day. Additional facilities are planned forPhases Two andThreewith construction beginning in 2002,

CROWNASPHALT RIDGEOIL SANDS PROJECT - CrownEnergyCorporation,MCN Energy Group (T-55)

CrownAsphaltRidge, LLC, a joint venture between Crovm Asphah Corporation, awholfy-owned subrid and

MCNIC Pipeline and Processing Company, awholly-owned subsidiary ofMCN Energy Group, has completed construction of its $3S million oil

sand production facility atAsphalt Ridge nearVernal, Utah. The venture plans to produce up to 125,000 tons ofpremium asphalt per year from

its approximate 20 million ton reserve. Commercial operations are planned to commence in June 2000 with additional facilities developed as

market conditionswarrant

Project Cost y?S million

DOVERSAGD PROJECT - Chevron CanadaResources Limited, Imperial Oil Ltd., Gibson Petroleum Corp., Northstar EnergyCorporation, Petro

Canada Inc., ChinaNational PetroleumCorporation (T-250)

The Dover SAGD Project, formerly titled the Underground Test Facility, was constructed by AOSTRA during 1984-1987, for the purpose of

testingnovel in shu recovery technologies based onhorizontalwells, in the Athabasca oil sands. The facility is located 70 kilometers northwest of

FortMcMurray, and consists oftwo access/ventilation shafts, three meters in diameter and 185 meters deep, plus a network oftunnels driven in

the Devonian limestone that underlies the McMurray pay. A custom drilling system has been developed to drill wells upward from the tunnels,

starting at a shallow angle, and then horizontally through the pay, to lengths ofup to 600meters.

Two processes were selected for initial testing: steam assisted gravity drainage (SAGD), and Chevron's proprietaryHASDrive process. Steaming
ofboth 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 ablowdownphase until the fall of1990.

Both tests were technical successes. In the case ofthe Phase A SAGD test, a commercially viable combination of production rates, steam/oil

ratios, and ultimate recoverywas achieved. Complete sand controlwas demonstrated, and production flowed to surface formost ofthe test

Construction ofthe Phase B SAGD test commenced in the spring of 1990 with the drivage of550meters ofadditional tunnel, for a total ofabout

1,500meters. Phase Bis a direct scale up ofthe Phase A test usingwhatwas then thought to be the economic optimumwett lengm ami spacing.

The test consists ofthree pairs ofhorizontal wells, with completed lengths of600meters and 70meter spacing between pairs. Each well pair

consists ofa producerplacednear the base ofthe pay, and an injector about 5meters above the producer. All sixwellswere successfully drilled in

1990/1991. Phase A produced over 130,000 barrels ofbitumen.

Phase B steaming commenced in September 1991, thenwas shut-in temporarily to construct larger facilities. Productionwas started up in early

1993. Recovery is estimated at 65 percent ofthe bitumen in place.

Subsequent technical and economic studies ofthe underground Phase B wells showmat the commercial potential for this technology would be

significantly enhancedby drilling thesewells from the surface. Two additional well pairs having a planned horizontal length of750meters and a

lateral spacing of90meters were drilled from the surface. Only one well pair achieved the target lengm. The producer and the injector ofthe

other larger diameterwell pair have completed horizontal lengths of300 and 180meters, respectively, due to problems encountered during liner

installation. Facilities additions weremade to allow start-up testing ofthese two surfacewell pairs.

Steaming ofthese wells commenced in April 1996 with production following in late May 1996. Production from these surface drilled wells is

currently at 1,200 barrels per day.

One additional well pair has been drilled and started up inMay 1999. Coupledwith an increase in steam generation capacity is the partial reuse

ofproducedwater using awarm caustic system and silica reduction. Productionwill be sustained at 2,500 barrels per day as production from the

Phase B undergroundwells declines. Steaming oftheBwells will cease and reservoir pressure will bemaintained by the injection ofnatural gas.

The Alberta Department ofEnergy states that this new method ofbitumen production is a major technological breakthrough and that bitumen

may eventually be produced forunderC$7 per barrel,whichwould be less co^thanmost amxntmsitobhmnen production.

Northstar Energy Corporation has acquired controlling interest in the Underground Test Facility and became the operator, effective January 1,
1998.

Project Cost $150million
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EYEHJLL IN SITUCOMBUSTION PROJECT - Pgni~ Energy, T *H (T-l15)

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 16-40-28-W3 in Saskatchewan sixmiles north ofMacklin. The

pilot consists ofnine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and
one pressure observation

well. Infill ofone ofthe patterns to a nine-spotwas completed September 1, 1984. Five ofthe original primary wells that are
located within the

project area were placed on production during 1984. The pilot covers 180 acres. Ignition ofthe nine injectionwells was
completed in February

1982. The pilot is fully on stream Partial funding for this project was provided by the Canada-Saskatchewan Heavy OU
Agreement Fund. The

pilotwas given theNewOil Reference Price as ofApril 1, 1982.

The pilot has 40 feet ofpaywithmost ofthe project area pay underlain bywater. 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 rod.

Cumulative production reached one million barrels in 1988. This represents about 6 percent ofthe oil originally in place in the project area.

Another fourmillion barrels is expected to be recovered in the project's remaining 10 years oflife after 1988.

Production in 1990_ continued at 500 barrels per day. The air compressors supplying combustion airwere 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. One additional horizontalwell was drilled in 1993 and twomore in 1994 tomaintain production levels.

The proiect has been sold to RenaissanceEnergyLtd.

ProjectCost $20million

FOSTERCREEK SAGD PROJECT - AECOil andGas fT-1 16)

The Foster Creek Project is located in the Primrose Range region ofAlberta. Canada. A pilot project using Steam Assisted Gravity Drainage

(SAGD) technology has been producing 2.000 barrels per dav from threewell pairs. The first well pair was drilled in 1996-97. the second in

1997-98. and the third in 1998-99.

AEC has received approval for production ofup to 25.000 barrels per dav. The company is currently delineating a 100.000-barrel per day

project

HANGINGSTONE PROJECT - Japan Canada Oil Sands Limited (JACOS), Petro-Canada, Canadian Occidental Petroleum Lt<L, and Imperial Oil

Ltd. (T-l18)

The Hangingstone Project is located in Lease OSL70, approximately 50 kilometers southwest ofFortMcMurray and 25 kilometers west ofthe

closest community ofAnzac. The project is being operated on an existing site, where the ground has already been surfaced and the access road

constructed in previous test operations in the 1980s. JACOS is the project operator oftheHangingstone Project

JACOS is employing the Steam AssistedGravityDrainage (SAGD)method for theHangingstone Project SAGD is a process which uses pairs of

horizontal wells embedded in the oil sands. The top well facilitates flow ofthe oil into the lower well by the injection ofsteam into the sands,

where his then brought to the surface.

Stage 1 consists ofdrilling and construction oftwo SAGD pairs. Construction ofStage 1 was completed in March 1999. Stage 2 will r^iW''A

threemore SAGD pairs. Construction ofStage 2 facilitieswill be completed early in 2000. The Stage 1 facilities will accommodate the startup

ofStage 2 wells until the Stage 2 facilities are commissioned. Stage 3. which is scheduled for construction in 2001. will establish threemore well

pairs.

IMPERIALCOLD LAKE PROJECT - Imperial Oil Resources Limited (T-120)

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. (now Imperial Oil

Resources limited) approval to proceed with construction ofthe first two phases of commercial development on Esso's oil sands leases at Cold
Lake. Subsequent approval for Phases 3 and 4was granted in June 1984 and for Phases 5 and 6 inMay 1985.

Cyclic steam stimulation is being used to recover the bitumen Processing equipment consists ofawater treatment and steam generation 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. The commercial developmentwas based on technology piloted during the 1970s.

Shipments ofdiluted bitumen from Phases 1 and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 5 and 6 in
May, 1986. During 1987, commercial bitumen production at Cold Lake averaged 60,000 barrels per day. Production in early 1988 reached
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85,000 barrels per day. A debottlenecking ofthe first six phases added 19,000 barrels per day in 1988, at a cost of$45 million. Production in

1990 from Phases 1-6was 78,000 barrelsper day, production from the pilotswas 8,000 barrels per day. Phases 7 and 8 were put into production

in 1993, followed by Phases 9 and 10 in 1995. Productionwill be near 120.000 barrels ofbitumen per dav for 2000.

In early 1996 Imperial announced plans to expand its operations at Cold Lake with three new phases (11-13) of bitumen production and

cogeneration facilities for the generationofelectrical power and steam. The expansionwould involve spending about C$600 million over 4 years

to drill 600wells, as well as a new bitumenprocessingplantwith cogeneration facilities. The expansionwas approved bv the Alberta Energy
and

Utilities Board in September 1999. Startup is currently scheduled for late 2002. This expansion is expected to add another 30,000 barrels per

dayto Cold Lake production. The new operating area is known asMahkeses.

ProjectCost ApproximatelyC$1.6 billion forme pilots and first 10 phases and fiyoomillion for Phases 11-13

KEARLOIL SANDS PROJECT - Mobil Oil Canada (T-126)

Mobil's Keari lease. 70 kilometers northofFortMcMurray. contains approximately 1.5 billion barrels of
8
API gravity recoverable bitumen and

is shallow enough to be surface mineable. In early 1997Mobil announced plans to develop the Keari Oil Sands Project and construct associated

extraction and upgrading facilitieswhich could produce 130.000 barrels per dav ofsynthetic crude oil from this lease in 2003.

According to Mobil the latest in truck-and-shovel technology and extraction processes will be utilized to optimize economics and mitigate

environmental effects.

The potential developmentofKeari would require an estimated capital cost ofC$2.5 billion

At Keari the ore will be mined using three to five 44-cubic meter cable shovels, one or two 25-cubic meter hydraulic shovels and 10 to 49

220-tonne trucks. This particular combination oftrucks and shovels best fits the expected shape and ore body characteristics ofthe Kearimine.

Themining operation will deliver an average of75million tonnes ofoil sands per year to the extraction facility and manage a similar volume of

wastematerial each year.

The extractionplant consists oftwo trains ofseparation cells followed by two-stage from flotation. The froth treatment plant comprises two-stage

centrifugal separationwhichwould operate on recycled naphtha diluent a tailings naphtha recovery unit and a diluent recoveryunit

The technology selected for the Keari upgrader will be that which gives the most favorable economics for the complete process for bitumen to

marketable synthetic crude product

Studies to date indicate that in the case ofcolocation ofthe upgraderwith themining and extraction facilities, the economics attainedwith delayed

cokmg/hvdrotreating are probablybest

Present estimate is that Mobil will get a somewhat higher yield and somewhat lower quality than has been historically reported bv Suncor and

Svncrude.

The near-term objectives forKeari development include preparation and submission ofapplications to regulatory authorities in 2000.

McKTTTRICKDIATOMACEOUS EARTHPROJECT - Texaco Inc. (T-132)

Texaco placed its Diatomite Project located atMcKittrick in California's Kern County, in a standby condition in 1985, to be reactivated when

conditions in the industry dictate. Texaco estimates that the Project could yield in excess of300million barrels of21 to 23 degrees API oil from

the oil-bearing diatomite depositswhich lie at depths up to 1,200 feet Various options, including open pitmining and back filling techniques, are

under consideration as of 1997. Texaco has evaluated a process to extract the oil with a solvent and continues to research other options to

recover oil from the diatomite deposit

Project Cost Undetermined

NEWGRADE HEAVY OIL UPGRADER (THE CO-OP UPGRADER) - NewGrade Energy, Inc., a partnership of Consumers Co-Operative

Refineries Ltd. and the Saskatchewan Government (T-140)

Construction and commissioningofthe upgraderwas completed inOctober, 1988. The official openingwas held November 9, 1988.

The refinery/crude unithas been running atwell over 50,000 barrels per day ofheavy/medium crude. Frommat 34,000 barrelsper day ofheavy
resid bottoms are sent to the Atmospheric Residual Desulfurization (ARDS) unit which performs primary upgrading. From there 16,000 barrels

per day is being run through theDistillate Hydrotreater (DHU)which improves the quality ofthe distillate fuel oil streams by addinghydrogen.
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The 50,000 barrels per day heavy oil upgradingprojectwas originally announced inAugust 1983.

Consumers'

Co-OperativeRefineries contributed their existing lefmery to the project wmle the provm

funds. The federal government and the Saskatchewan governmentprovided loan guaiantees for 80 percentofme costs as debt

NewGrade selected process technology licensed by Union Oil of California for the ARDS and DHU. The integrated facility is capable of

producing a full slate ofrefined products or alternately 50,000 baireb per day ofupgraded crude oil or any combination rf

Operations include the processing of over 50,000 barrels per day of heavy and medium Saskatchewan crude with approximately 90 percent

(45,000 barrelsper day) being converted to a full range ofrefined petroleum products and the remammg 10 percent (5,000 barrels per

sold as synthetic crude.

The plant design capacities are: crude unit 50,000 barrelsper day, ARDS, 30,000 barrels per day, DHU, 12,000 barrels per day.

ProjectCost $700million

PANCANADIAN ELK POINTOIL SANDS PROJECT - PanCanadian Petroleum Limited (T-150)

PanCanadian received approval from the Alberta Energy Resources Conservation Board for Phase I of a proposed three phase commercial

bitumen recoveryproject inAugust 1986.

The Phase I project was to involve development ofprimary and thermal recovery operations in the Lindbergh and Frog Lake sectors near Elk_
Point in east-central Alberta. Phase I operationswere to include developmentof16 sections ofland. By the end of1990, 148 wells were drilled

PanCanadian expected Phase I recovery to average 3,000 barrels per day ofbitumen, with peak production at 4,000 barrels per day. Tentative

plans called for Phase II operations to start up in themid 1990's with production to increase to 6,000 barrels per day. Phase HI was to go into

operation in the late 1990^5, and productionwas to increase to 12,000 barrelsper 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 <=*gm"g process such as SAGD (Steam Assisted GravityDrainage)may be attempted in the

futurebutno plans are currently in place.

Although *w^ has proved unsuccessful, primary production rates and cumulative recoveries are much better man 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 an primaryproduction.

Currentproduction is estimated to be 16,500 barrels per day from 290wells.

Project Cost Phase I =C$62 Million to date

PELICAN LAKE PROJECT - PanCanadian PetroleumLtd. (T-165)

CS Resources acquired from the original operator, GulfCanada, the Pelican Lake Project comprised of some 89 sections of oil sand leases m

north central Alberta CS Resources acquired Devran's interest in die Pelican Project in September 1995. m Jury 1997 CS Resources was

acquired by PanCanadian Petroleum Ltd. The Pelican Lake program is designed to initially test the apphcability ofhorizontal prcriuction systems
with the penetration afahnut 1,500feet ofnil sandsm eachwell, with vMgto

ultimately jidnwijigng thermal renrvrrymrthods- with this tech-

nique, amuchhigherproduction rate is expected to be achievedwithout the use ofexpensive secondary recovery processes.

Drilling on the first horizontal well began January 30, 1988. By 1991 a total of 17 horizontal wells had been drilled. Sand production has not

been a major problem and the production sand content is lowerman in sunounding vertical wells. The drilling cost per horizontal meter was
$1,240 permeter in 1988.

An additional six horizontal wells were drilled in 1993. To increase reservoir exposure, one ofthe 1993 wells was drilled and completedmg
the lateral tie-back system (LTBS) developed by CS Resources and Sperry-Sun Drilling Services. This system provides for the complex in

terconnection of individual production liners, thereby creating total wellbore integrity. The LTBS was again employed in the drilling ofa
multilateral well in 1995 and 1996, increasing the total reservoir access to 4,000meters from a single wellbore. m order to evaluate the impact

ofan openhole completion in the Pelican area, a secondwell was drilled as part ofthe 1995 program that included a 1,060meter openhole lateral

arm By 1996 the total number ofwells doubled utilizing the LTBS technology. Cost perhorizontalmeterwas reduced to $350 permeter.

m 1997, elevm conventional horizontalweUs, 7 extended reachbo

production. One ofthe three mum-laterals accessed approximately 7,880 meters of reservoir. The conventional weus were drilled, cased,
completed and equipped for $350 permeter, the extended reach for $375 pernxter andmemulti-laterals for $400+ permeter.
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In 1998 a further 19 stratigraphic test wells, eight conventional horizontal wells, and nine extended reach horizontal wells were drilled. New

treating trainswere installed at the central cleaningplant and a sales oil pipelinewas installed

Project Cost Not disclosed

PETROLERAAMERIVENORINOCOTARSANDS PROJECT - Petroleos de Venezuela SJL, ARCO, Phillips Petroleum and Texaco Inc.

(T-167)

Petrolera AmerivenS.A, is ajointventure involvingPetroleos de Venezuela SJL. (PDVSA) (30 percent), ARCO (30 percent), Phillips Petroleum

(20 percent) andTexaco Inc. (20 percent). Initial production of
16

API heavy crude in theHamaca regionwill be 36,000 barrels per day.

In early 2003 production will be raised to 157,000 barrels per day of heavy crude. It will be mixed with naphtha for transport to the Jose

industrial complex for upgrading to
27.5

API synthetic crude. Estimated investment throughmis phase will be $3.59 billion. A later phase will

liftproduction ofheavy crude to 215,000 bpd in 2006.

The upgraderwill be builtby 2002. Itwill be constructed in two phases. The first phasewill grve Petrolera Ameriven a capacity of 165,000 bpd

and the secondwill add 50,000 bpd ofcapacity to its capacity. The secondphase is scheduled to be in operationby 2007.

Project cost $3.6 billion

PETROZUATAORINOCO TAR SANDS PROJECT - Conoco andMaraven, SA (T-52)

The Venezuelan government approved the joint venture between Conoco, Inc. andMaraven SA for a 35-year venture to develop a 55,000-acre

tract in theOrinoco oilsands belt inVenezuela.

Petrozuata is die first ofseveral joint venture projects between Petroleos de Venezuela S.A. (PDVSA) and international oil companies to tap into

the heavy and extra-heavy crudes ofthe Orinoco Tar Belt The crude oil producedwill be shipped to the Jose industrial district on the Caribbean

Coast forupgrading and tanker shipment

Petrozuata S.A., a joint venture ofConoco Inc. (50.1 percent) and PDVSA (49.9 percent) is the first joint-venture Orinoco project to go into

production. The companybegan filling its 125-mile, 36-inchpipeline to Jose onAugust 30, 1998.

The 9 to
10

API crude is beingmixed with lighter crude ofl as a diluent for transport A parallel 20-inch line will, after the upgrader is in

operation at Jose, return naphtha diluent tome main station in the field for reuse. As of 1998, 31 horizontal wells have been completed and

45more are in various stages ofdevelopment

Full production will be 120,000 barrels per day. The upgrader the company is buildingwill lighten the heavy crude to 19 to
25

API synthetic

crude oil with an output rate of 104,000 barrels per day. Ofthis, 64,000 barrels per daywill go to Conoco's Lake Charles, Louisiana, refinery
while 39,000 barrels per daywill go to PDVSA's Cardon refinery. The upgrader is expected to be completed late in the year 2000.

The pipeline has extra capacity to transport oil from other comriamesworkingm theOrinoco Bek and agreernents are beingnegotiated

The Lake Charles refinery is capable ofprocessing 19 to
25

API syncrude so that the costsmfulfy upgrading the Orinoco heavy oil into 33API

product are obviated. The coke produced by the upgrader will be sold to Louisiana Carbon, a subsidiary ofConoco, as fuel for electrical power

generation.

An expansion plan called Petrozuata II is being studied for startup at the end of2004.

Project Cost $2.7 billion for the first phase

$2.7 billion forme second phase

PRIMROSE LAKE COMMERCIALPROJECT - Amoco Canada Petroleum Company andAlbertaEnergyCompany (T-170)

Amoco (formerly Dome) proposed a 25,000 barrels per day commercial project in the Primrose area ofnortheasternAlberta 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. The 41 well pilotwas producing 2,000 barrels per day of 10

degreesAPI oil in 1984.

The project received Alberta Energy Resources Conservation Board approval on February4, 1986. A subsequent amendment to the original

scheme was approved on August 18, 1988. The 12,800 acre project was to be developed in three phases. Four 6,500 barrel per day modules

would be used tomeet the 25,000 barrel per day target
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In 1989, Amoco undertook some additional work at the she by drilling a horizontal welL A new steam injection heavy oil pilot was placed in

production in early 1991. In 1991, ERCB gave approval for seven horizontal wells to maximize bitumen recovery under a steam

stimulation/gravity drainage process.

In 1993 Amoco proposed several changes. The original Primrose Commercial Project was approved using the cyclic steam
stimulation (CSS)

technology on vertical or directional wells. Each section of land required 104wells and ultimately 18 percent ofthe oil in place would be

recovered.

Amoco now plans tomodify the existing approval to use horizontal wellswith a
combination ofprimary and thermal recovery

mechanisms. By

using this new technology, the number ofwells required per section would be reduced to 20 and ultimately greater than 50
percent ofthe oil in

place could be recovered.

The previous ERCB approval for the Primrose Commercial Project recognized a 4,000 cubic meters per day (25,000 barrels per day) maximum

oil production rate. The same 20 sections of land can now support up to 7,900 cubic meters per day (50,000 barrels per day) of
production with

the new technology, ft is expected that this targetwould not be reached until the year 2010. Oil productionwould then bemaintained at tins rate

formany years. Ultimately, the revised project could operate on these 20 sections until the year 2050. The current Primrose
approval expires in

the year 2018.

Constructionwill bemodular,with eachmodule having 16 horizontalwells on 4 pads. Until the turn ofdie century, construction activities on the

Primrose lands are expected to be the building ofdevelopmentmodules described above and the additionofsteam generating equipment at or near

the existing pilot plant she.

Amoco plans to use theWolfLake facilities for processing. They have built a pipeline between the Primrose pilot she and the WolfLake plant

This effectively uses die extra treating capacity available at the WolfLake plant The WolfLake oil treating facilities have been expanded to

allow for the treatment ofapproximately 4.800 cubicmeters per dav (30.000 barrels per dav) ofoil from the Primrose Weapons Range property

plus theWolfLake property.

A projected further expansion beyond this level will be accomplished either by an addition to theWolfLake facilities or by constructing a new

plant ondie Primrose Project lands. Thiswould bring the total ofl treating capacity fordie Prim

day (50,000 barrels per day). This expansionwould take place in approximately the year 2005.

Project Cost $1.2 billion (Canadian) capital cost

$140million (Canadian) annual operating cost

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (T-180)

The project located northeast ofFort Saskatchewan in Strathcona County, is the world's first refinery designed to use exclusively synthetic crude

oil as feedstock.

Initial capacity was 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided by the two

existing oil sands plants, Syncrude and Suncor. The 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 adjacent to the refinery and owned by
Shell Chemicals Canada The refinery and petrochemical plant officially opened September 1984 and now produces approximately

100,000 barrels per day.

AC$400million expansion will be carried out to accommodate the production from the newAthabasca Oil Sands Project fT-138V

ProjectCost $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants

SENLAC STEAM ASSISTED GRAVITY DRAINAGE (SAGD) PROJECT - PanCanadian PetroleumLtd. (T-183)

In 1995 CS Resources began the design and construction of a 5,000 barrel per day SAGD operation in Senlac, Saskatchewan, Canada.

Operations began in March 1995. Operational difficulties and start-up difficulties were caused by failure ofthe sand-control device in the wells
and tb* hot reservoir temperature (270^) prevented normal transportofliquids to the surface. An alternate means ofsand controlwas developed
and hasworkedwell, leading to greatty improved SAGD performance. Three additional well pairswere drilled in 1998. The Senlac Project has

steam capacity to support daily production of4.000 barrels per davwith a peak of5.000 barrels per dav.

In 1997 CS Resourceswas acquired bv PanCanadian Petroleum Ltd.

ProjectCost $30milhon (initial capital cost)
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SINCORORINOCO TAR SANDS PROJECT - Total Fina (47%1 Petroleos de Venezuela S.A. (38%1 and Statoil (15%) (T-184)

The most ambitious ofthe joint-venture projects in Venezuela's Orinoco Tar Belt Sincrudos de Oriente (Sincor). It is a joint venture between

Petroleos de Venezuela S.A. (PDVSA),me French company Total, and theNorwegian company Statoil. Located in the Zuata region in the south

ofthe state nfMmm^ng, the project is scheduled to begin production at die rate of 40,000 barrels per day of
8.5

API extra-heavy crude in

November 2000.

This crudewill be diluted and piped to the coastvia the Petnouatepipelinewhere hwiU bemaricetedd A total of

some 900 horizontalwellswould be drilled; 160 for the startup. Average productionwill be about 1,250 bpd perwelL

Eventually, 204,000 bpd ofheavy crude will beproduced, permittingupgrading to 180,000 bpd of
32

API tigh

Sincor has awarded a lump-sum turnkey contract ofover $350million to FosterWheelerUSA Corporation for a six-drum, delayed-coking and

gas-recovery unit fordie upgrader in Jose, Venezuela

The project is scheduled for completion in 2001.

F.stimatfri oil in-place is about 38 billion barrels, and Sincor expects to recover about 2.4 billion barrels of
8.5

API gravity crude during die

35-yearproducing term ofthe contract Peak production over the contract period is expected to be 200,000 bpd ofheavy crude but that could be
increased to 300,000 bpd.

Inmid-1999 PDVSA announced that it intended to sell 15 percent ofhs 38 percent share ofthe project

Project cost $4.3 billion

SUNCORENERGY INC. OIL SANDS - SuncorEnergy Inc. (T-190)

SuncorEnergy Inc.was formed inAugust 1979, bydie amalgamation ofGreat CanadianOil Sands and SunOil Co, Ltd. In 1995, SunCompany
sold hs remaining interest in Suncor to a group ofudnerwriters to be offered to private investors.

Suncor Energy operates a commercial oil sands plant located in the Athabasca oilsands deposit 30 kilometers north ofFortMcMurray, Alberta.

The planthas been in production since 1967. A three-step process is used to produce synthetic crude oiL First the sand ismined and transported

by hydro-transport and conveyors to the extraction plant Second, hotwater and steam are used to extract the bitumen from die sand. Third, die

bitumen goes to upgradingwhere delayed coking and hydrotreating are used to produce a variety ofproducts. Products include Ught sweet crude

oils, Ught sour oils and diesel fuel.

In 1998 Suncor crude oil production from the oil sands operation averaged 93.600 barrels per day, following completion ofan expansion ofhs

Fixed Plants (C$310 milhon) and die new SteepbankMine (C$360 milhon). Production levels are targeted to average 105,000 barrels per day
bv the end of1999. In July 1997 Suncor announced hwas undertaking a C$2.2 biltionmajor expansion known as ProjectMillennium, enabling
production levels to increase to 220.000 barrels per day by 2002. An initial production enhancement phase (C$190 milhon) and detailed

engineering (C$90 milUon) are underway. Construction began indie firsthalfof 1999.

SURMONT OIL SANDS PROJECT - GulfCanada Resources Ltd. (50%) and Fina Resources Inc. (50%) CT-200)

Underdie terms ofan agreement announced inNovember. Finawill participate in further development ofGulfs Surmont oil sands and Kerrobert

heavy oil projects and fund certain project activities during the pilot phase. In return. Fina and hs subsidiary. Fina Resources, earns an option to

acquire a 50 percent working interest in either the Surmont commercial development project or in a combination ofdie Surmont and Kerrobert

projects.

The Surmont leases contain an estimated 15 bilUon barrels ofbitumen in place, ofwhich at least 3 biltion barrels are estimated to be recoverable

through the application ofsteam-assisted gravity drainage technology.

The companies project production reaching at least 100.000 barrels per dav at Surmont Production at this rate could be sustainable for

140 years.

A bearing on the project was held bv the Alberta Energy and Utilities Board, beginning in April 1999 and concluding in September 1999. A

complete regulatory appUcation will be submitted in the second quarter of this year. Construction could take place in 2002-2004. The first

phase, at 25.000 barrelsper dav. is anticipatedto come onstream in the third quarter of2004.
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SYNCO SUNNYSIDE PROJECT - Synco EnergyCorporation (T-220)

Synco EnergyCorporationofOrem, Utah, is seekingto raise capital to construct a plant at SumrysidemUtato

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 bymaking
steam and thenmixedwithdie tar sands in avariable speed rotary kiln. Thehot synthetic gasvaporizes the oil out

ofthe tar sands andthisisthen

fractionated into amixture ofkerosene (jet fuel), diesel fuel, gasoline, other gases, and heavy ends.

The syngas from the gasifier is separated from the oil product the sulfur and CO2 removed and die gas is burned in a gas turbine to produce

electricity. The hot exhaust gases are then used tomake steam and cogenerated electricity. Testing indicates that die hydrogen-rich syngas from

the gasified coal lends to good cracking and hydrogenupgrading in the kim.

The plantwould be built at Sunnyside, Utah, neardieCity ofPrice.

There is a reserve offour biltion barrels ofoil in the tar sands and 230 milhon tons of coal at die Sunnyside she. Bom raw materials could be

conveyed to die plantby conveyor belt

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products mctudmg

marketable amounts ofsulfur.

An application has been filed by Syncowhhdie Utah Division ofState Lands for an industrial special use lease containm^
State land borderingdie town ofSunnyside,Utah Synco holds process patents indieU.S., Canada and Venezuela and is looking for a company
tojoint venturewhh on tins project

The project continues to be on hold.

SYNCRUDE CANADA, LTD. - Imperial Oil Resources (25.0%X Petro-Canada (12.0%); Athabasca Oil Sands Investments, Inc. (11.74%); Alberta

Oil Sands, LP. (10.0%X Canadian Oil Sands Investments, Inc. (10.0%); GulfCanada Resources Limited (9.03%); Canadian Occidental Petroleum

Ltd. (7.23%); AEC Oil Sands Ltd. Partnership (5.0%);MurphyOil Company (5.0%);Mocal EnergyLimited (5.0%) (T-230)

Located near FortMcMurray, die Syncrude surface mining, extraction and upgrading plant produces about 230.000 barrels per calendar day.

The original plant whh a capacity of 108,000 barrels was based upon: oil sand mining and ore delivery with four dragUne-bucketwheel

reclaimer-conveyor systems; ofl extraction whh hot water flotation of the ore followed by dilution centrifuging; and upgrading by fluid coking

foUowed by hydrotreating. During 1988, a 6-year $1.5 billion investment program in plant capacity was completed to bring the production

capabilityto over 155,000 barrels per calendar day. Included in this mvestment programwere a 40,000 barrel per day L-C Fininghydrocracker,
Atiniai hydrotreating *p* qiifiir recovery^wfty iH auxiliary

""f* yeh*mc m weU as debottlenecking itf1ht itrighwl jimrmn

In 1995 production operating costs were C$13.69 per barrel. Syncrude Canada Ltd. produced 12 percent ofCanada's crude ofl lequirements. hi

1996 operating costs were C$13.70 per barrel. In 1997 costs rose toC$13.78

In 1992, Syncrude announced that h is seeking approval from die Alberta Energy Resources Board (ERCB) to increase output by 28 percent
Thiswas approved in 1994.

In September 1994, die Syncrude owners acquired two additional surfacemineable leases. These leases are estimated to contain 2.2 billion bar

rels ofhigh-quality, low-cost recoverable bitumen resources. When added to die existing 2.1 billion barrels ofremaining resources, die plant has

feedstock for 54 years ofproduction at the 1995 production rate.

Amajor project in 1996-98 was debottlenecking the upgrader and hydrotreating facility to lielp reach production

Mine, a truck/shovel/hydrotransport operation. The debottleneckwas completed in 1998. The first production tram ofNorthMine started in faO

1997: die second trainwas completed in fall 1999. Total investment for tins projectwasC$500mflfion.

In 1998 the Syncrude owners approved an additional investment ofC$1 biltion to undertake a second upgrader debottleneck and construct die

first train ofAuroraMine. These projects, to be completed by 2000, represent the second stages of the Syncrude 21 expansion. A C$3 biltion

expansion ofdie upgrading facilitieswas approved bvdie Alberta Energy andUtilities Board in October 1999. When completed. *hig expansion

will bring total production capacity atMildred Lake to 273 million cubicmeters peryear (475.000 barrels per davY,

Project Cost Original base plant cost C$2.3 biltion

Syncrude 21 C$6.0 bflUon (total investment 1996-2007)
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STATUSOFOIL SANDSPROJECTS (Underline denotes changes since January 1999)

COMMERCIALANDR&D PROJECTS (Continued)

TACIUK PROCESSORTECHNOLOGY - AlbertaDepartment ofEnergy andTheUMA Group Ltd. (T-232)

UMATAC Industrial Processes (UMATAC) ofCalgary, Canada developed die Alberta Taciuk Process (ATP) technology which is a patented,

unique, thermal desorption system for separatingand extractingwater and organics from host solids. Itwas developed as a dry, thermal process to

produce oil from natural resource oil sands and oil shales.

The technology is owned bydie Alberta Department ofEnergy (DOE) Research Division, which funded die development since 1977, investing

approximatelyC$35 million. UMATAC isdie developer and supplier, and also the licensee for use ofthe ATP System.

UMATAC developed a modified version of the Alberta Taciuk Process for use in processing used and contaminated lubricating oils for die

purpose of recovering a cleaned, refutable product oil The application has strong potential for commercial use in treatment plants set up to

handle and dispose ofthe large quantities ofused oils which are otherwisewasted, stored or disposed by less satisfactorymeans.

ThemodifiedATP reactor and system uses the ATP technology ofdiermal treatment vdierebydie contaminated, A

oil are vaporized and then the vapors are separately condensed. The products are 1) thewater which is condensed from the steam product 2) the

oil condensed from die hydrocarbon vapors; 3) noncondensable gas which can be used as fuel for the process; and 4) a solids residue which

contains anymetals or inert solids contaminants and coke.

The recovered ofl is a cleaned product which is of value as a slip stream feedstock to an ofl refinery process to produce refined petroleum

products. Typical yields ofproducts are, on a mass basis, in the range of 80 to 90 percent product ofl, 5 to 15 percent solids residue and 4 to

8 percent noncombustible gases.

TW grtlirfc tcmW a email
quantify

n1a*iw inWm

rpiantHy
nfflw rantnmmatoH tniirw oil This productmust be disposed tO a Solids landfill OT

an equivalent andmay require secondary treatment tomake h suitable for this due to the high content ofheavymetals normally found in iL

UMATAC developed die process through a program of laboratory testing and design m 1995, resulting in the manufacture of a plant whh

capacity to process 400 barrels per day ofused oils, whh critical equipment installed to enable expansion to 800 barrels per day capacity. This

plantm Saskatchewan, Canada, went on-stream in 1996 to produce recycled,marketable oil products.

*P ATP v? t*** i**H fnrno m ratmg contaminated *nft* rfmigoc and<* in imifMntai remediation work Typical applications are:

Cleaning and recovering oil fromwastes produced in ofl field production and operations ofoil refineries and petrochemical plants;

Clean up of soils or other materials which are contaminated whh PCBs or other heavy organic compounds, such as coal tars and

industrial chemicals.

Organics andwater are separated by anaerobic thermal desorption as vapors which are removed from the solids fraction and condensed to liquids

m a Second Step Ofthe System.
Ttw nil ftariinn k

potentially
twyrlahli.

A-pwyKngmh
1yn#- ofcontaminant

UMATAC has developed die ATP for numerous applications of thermal treatment and extraction of organic constituents from host or

accompanying inorganic substances. The primary focus ofall ofthis development was to develop and apply the ATP as a competitive alternate

process to produce oil from theAlberta oil sands.

This was accomplished technically but not commercially because ofcompetitive developments in the already-commercialized technology hot

water extraction. However, commercial applications have been achieved since the late 1980s bv the following:

Environmental application - A 10-ton per hour capacity ATP-based waste treatment plant was supplied to the United States

Environmental ProtectionAgency Superfund Program in 1989.

Environmental application-A 400-barrel per davused oil treatment and recovery plantwas supplied in 1995.

Oil production application - A250-ton per hour capacity ATP processorwas constructed as part ofa new plant in Australia to produce

oil from oil shale.

UMATAC continues to research and develop new applications for and developments ofthe ATP. Recently, the ATP reactorhas been adapted and

tested for use as a partial upgrader for bitumen and heavy oil: i.e.. to directlyproduce a pipelineable oil from heavy bitumen and oil feedstocks.

UMATAC supplies die ATP technology under license and also manufactures and supplies die ATP plant equipment for all applications. The

ATP has been used commercially on soils remediationm theUnited States since 1990 by theU.S. ticensee, SoiTTeA AlOtph

capacity planthas successfully completed PCB cleanup offour Superfund shes.

InvestmentTo Date: C$35 million (excluding commercial plant supplies)
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STATUSOFOIL SANDSPROJECTS (Underline denotes changes since January 1999)

COMMERCIALANDR&D PROJECTS (Continued)

TANGLEFLAGSNORTH - CanadianNatural Resources, Ltd. andMurphyOfl Canada Ltd. (T-233)

The project located some 35 kilometers northeast ofUoydminster, Saskatchewan, near Paradise HilL involves the first horizontal heavy oil well

in Saskatchewan. Production from horizontal i wlk gyp**?^ to dramatically improve the recoveryofheavyoil in the
Uoydminster region.

The Tangleflags North Pilot Project is employing drillingmethods similar to those used by Esso Resources Canada Ltd. in
theNormanWells oil

field ofdie Northwest Territories and at Cold Lake, Alberta The combination of die 500-meter horizontal production well and steamflood

technology is expected to increase recovery at the TangleflagsNorth Project from less than one percent ofdie ofl in place to up to 60 percent

The governments ofCanada and Saskatchewan provided $3.8 million in funding under the terms ofthe Canada-Saskatchewan Heavy Ofl Fossil

Fuels Research Program.

Estimates indicate sufficient reserves exist in the vicinity ofdie pilot to support commercial development whh a
peak gross production rate of

8,000 barrels ofoil per day. Remainingproject life is *<HmateA at 15 yearswhhultimate recovery about 25million barrels.

The Tangleflags project has advanced to the continuous steam injection phase. Whh 10 horizontal wells and 15 vertical steam injectionwells in

place, the project is curreutiy producing an average of5,000 barrels ofoil per day.

A project expansion targeted to achieve 8,000 barrels per day in 1998 was approved. Three to four additional horizontal producers and five

vertical injectorswere to be added in 1998 alongwhha sixth boiler and additional treating andwaterhandling facilities. This expansion has been

deferred due to low oil prices.

ProjectCost $55 million invested by end of1998

TAR SAND TRIANGLE - KirkwoodOil andGas (T-234)

KirkwoodOil andGas drilled some 16 coreholes by the end of1982 to evaluate their leases indie Tar Sand Triangle in south centralUtah. They
are also evaluatingpilot testingofinductive heating for recovery ofbitumen. A combined hydrocarbon unit to be calleddie Gunsight Butte unit,

is presentlybeing formed to include Kirkwood and surrounding leaseswithindie Tar Sand Triangle Special Tar SandArea (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 die Raven Ridge-Rim Rock

Special Tar Sand Area

Hfll Creek and San Rafael Swell-Kirkwood Oil and Gas is also in die process ofconverting leases in die HiU Creek and San Rafael SweU

Special Tar SandAreas.

Kirkwood Oil and Gas has applied to convert over 108,000 acres ofoil and gas leases to combined hydrocarbon leases. Whh these conversions

Kirkwoodwfll holdmore acreage over tar sands inUtah than any other organization.

The projecthas been put on temporary hold.

Project Cost Unknown

WOLF LAKE PROJECT - Amoco Canada Petroleum (T-260)

Located 30miles north ofBoonyviUe near the Saskatchewan border, on 75,000 acres, theWolfLake commercial oil sands project (ajoint venture

between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Production at designed capacity of

7,000 barrels per day was reached during the third quarter 1985. The ofl is extracted by die huff-and-puff or cyclic steam stimulation (CSS)
method. Nearly two hundredwells were drflled initially, then steam injected.

By mid-1988 production had dropped 22 percent below 1987 levels. FoUowing a change of strategy in operation ofthe reservoir, however,
production had increased to 1,030 cubicmeters per day in 1989 and 1,147 cubicmeters per day in 1990.

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. WolfLake 2 was originaUy expected to be completed inmid-1989.

In early 1989, BP Canada and Petro-Canada delayed by 1 year the decision to start up the second phase. While die WolfLake 2 plant was

commissioned in 1990, full capacity utilization ofthe combined project was not expected before die late 1990s.
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STATUS OFOIL SANDSPROJECTS (Underline denotes changes since January 1999)

COMMERCIALANDR&DPROJECTS (Continued)

In September 1989,WolfLake production costs were reported to be almost C$22 per barrel, while bitumen prices feU to a low ofC$8.19 per

barrel in 1988. BP initiated a program to reduce Wolf Lake costs, which included laying off 120 workers, making improvements in process

efficiency, and operating the plant at about 50 percent ofcapacity. These economicmeasures cut operating costs to C$10 to 12 perbarrel.

In 1991,WolfLake production costswere less than $9 perbarrel, and bitumenproduction 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 companieswrote offtheir total $370million investment in the project

In 1995, whh production at 1,000 cubic meters (6,500 barrels) per day and nW-iming rapidly, Amoco proposed several changes involving
horizontalwells in various configurations drflled through existingpatterns ofvertical wells and in newundeveloped reservoirs.

ByusinghorizontalweU technology, additional ofl canbe recovered from the "CSS
depleted"

patterns ofvertical wells and the oil in areas not yet

developed can be producedwhh increased efficiency. Ultimately greater than 50 percent ofthe ofl in place could be recovered.

Currentlydie central facilities located on theWolfLake lands are approved for processing ofproduction from theWolfLake and Primrose lands.

These facilities process about 25.000 barrels per day of oil Ultimately die Wolf Lake facilities could be expanded to approximately

55,000 barrels per day. Thiswfll aUow for the continued treatment ofbomWolfLake and Primrose production at theWolfLake facilities.

hi 1996 regulatory approval was received for the expansion ofthe WolfLake operations. These expansions include an extension ofthe area

under development use of the Amoco horizontal weU drilling technology and an increase in production from 20,000 barrels per day to

55,000 barrels per day.

Project Cost WolfLake 1: $114million (Canadian) initial capital

WolfLake 2: $200million (Canadian) initial capital

ZHUNKEERBASIN TAR SANDS EVALUATION - Xinjiang, China (T-270)

The Zhunkeer Basin tar sands resources inXinjiang, China, have been investigated. The tar sands contain about 7.7 percent bitumen on average.

About 1.4 billion barrels bitumen geological reserveswere <=timnt<i whh burial depth ofnot over 200 meters. The bitumen can be extracted by
alkaline aqueous solution. Its viscosity corresponds to that ofAthabasca, Canada bitumen. Themolecularweight is about 1,000. Group analysis

is as foUows: paraffins 35 percent, aromatics 22 percent, resin 15 percent and asphaltene 26 percent (by n-heptane extraction). Pyrolysis of

bitumen to produce Uquid fuels and the upgrading of bitumen to produce special asphalt products are being investigated bv the Universitv of

Petroleum inBeijing. Ithas been found that bitumen extracted from tar sandsmay be used for producingph^Une anti-corrorion asp

the tar sands bitumenmixedwhhXiniangKramai vacuum reside can be used formakingpainting asphalt

ZUATAORINOCO TAR SANDS PROJECT - PDVSA (50%) and Coastal Corporation (50%^ (T-2801

PDVSA (Maraven') signed a Memorandum ofUnderstandingwhh Coastal for a joint development which ranges from the production of extra-

heavy crudes from theOrinoco Belt's Zuata area to themanufacture and sale offinished products.

The production zone is located west ofZuata. in what is considered a high-priority area in Orinoco Belt development This wfll aUow the

production of 8.3API Zuata crude, which is to be diluted for, transportation to the Jose Qmdominium in the Stale of Anzpjtegui through a

pipeline currently being constructed as part ofthe PetrozuataProject

The construction ofa complex oflefmmprunta to upgrade the crude quality to a
14"

to
22

API synthetic crude for export to dieUnited States, is

foreseen at die Jose Condominium The complex contemplates the construction of desalting facilities and diluent fractionation, as well as of

conversion units to upgrade crude and industrial services, togetherwhh the required storage facilities.

The use ofthe Aquaconversion technology developed bv INTEVEP. and that of delayed coking foUowed bv distillates hydrotreating. are being

considered for the conversion units.

In addition to die installations planned for eastern Venezuela die acquisition bv the future Maraven-Coastal Strategic Association ofCoastal's

100.000-barrel per dav refinery at Corpus Christi. Texas, ajso being considered. The refinery would be adapted to process aU of Zuata's

upgraded crude production, which wfll require the construction ofa new delayed coking unit and additional hydrotreater. Due to low oil prices.

the project was put on hold in 1998.
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COMPLETED AND SUSPENDED PROJECTS

Project

AberfeldyProject

A.D.L Chemical Extraction

Alsands Project

Amoco Sunnyside Project

AqueousRecovery Process

ArdmoreThermal Pilot Plant

AsphaltRidge Tar Sands Pilot

AsphaltRidge Pilot Plant

Athabasca In Shu Pilot Project

Athabasca Project

Battrum In ShuWet Combustion

BeaverCrossingThermal Recovery Pilot

Bi-ProvincialUpgrader

Bhumount Project

BlockOne Project

BomeyHeavyOil Project

Buenaventura Cold Process Pilot

BurntHoUowTar Sand Project

BurntLake

BV1 ColdLake Pilot

C-H SynfuelsDredging Project

Sponsors

HuskyOfl Operations, Ltd.

AarianDevelopment Inc.

SheU CanadaResources, Ltd.

Petro-Canada

GulfCanada

Amoco ProductionCompany

GlobusResources, Ltd.

United-Guardian, Inc.

UnionTexas ofCanada, Ltd.

Sohio

Enercor

Mobil

University ofUtah

AOSTRA

HuskyOilOperation, Ltd.

Imperial Oil Ltd.

SheU Canada Limited

Solv-ExCorp.

MobilOilCanada

Unocal Canada Ltd.

Saskoil

137886 Canada Ltd.

Fletcher ChaUenge Petroleum Inc

ChevronCanada Resources

HuskyOil Operations Ltd.

Government ofCanada

Province ofAlberta

Province ofSaskatchewan

Solv-ExCorporation

AmocoCanadaPetroleumCompany Ltd.

AOSTRA

Petro-Canada Ltd.

SheU CanadaResources

Suncor, Inc.

Strike Energy Inc.

Buenaventura ResourceCorp.

Glenda Exploration&Development Corp.

Kirkwood Ofl&Gas Company

Suncor

AOSTRA

BowVaUey Industries, Ltd.

C-H Synfuels Ltd.

T jgt Appearance in SFR

March 1983; page 3-33

December 1983; page 3-56

September 1982; page 3-35

January 1997; page 3-25

December 1984; page 3-44

September 1989; page 3-9

December 1986; page 3-51

September 1984; pageT-7

January 1996; page 3-53

September 1988; page 3-50

January 1997; page 3-25

December 1988; page 3-67

June 1994; page 3-35

January 1999; page 3-30

September 1984; pageT-8

January 1997; page 3-26

January 1997; page 3-26

September 1984; pageT-8

December 1986; page 3-43

March 1991; page 3-44

January 1995; page 3-45
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STATUSOFOH SANDSPROJECTS

COMPLETEDAND SUSPENDEDPROJECTS (Continued)

Project

CaliforniaTar Sands Development Project

Calsyn Project

CANMETHydrocrackingProcess

Canstar

Caribou Lake PilotProject

CatCanyon Steamflood Project

CedarCampTar Sand Project

CelticHeavyOil Pilot Project

ChaparrosaRanchTar Sand Project

Charlotte Lake Project

Chemech Project

Chetopa Project

Circle Cliffs Project

Cold Lake Pilot Project

Daphne Project

Deepsteam Project

DonorRefined Bitumen Process

ElectromagneticWeU Stimulation Process

Enpex Syntaro Project

Falcon Sciences Project

ForestHfll Project

Fort Kent Thermal Project

FostemN. W. In ShuWet Combustion

Sponsors

CaliforniaTar Sands DevelopmentCompany

California Synfuels ResearchCorporation

AOSTRA

DynalectronCorporation

RalphM ParsonsCompany
Tenneco Oil Company

Petro-Canada

SNC-Lavalin, Inc.

Nova

Petro-Canada

HuskyOil Operations Ltd

AlbertaEnergy Company

GettyOd Company
United StatesDepartmentofEnergy

Enercor

Mono Power

Mobil Oil Canada

ChaparrosaOfl Company

Canadian WorldwideEnergyLtd.

Chemech

EORPetroleumCompany
Tetra Systems

Kirkwood Oil andGas

GulfCanadaResources

Petro-Canada

SandiaLaboratories

United States DepartmentofEnergy

GulfCanadaResources Ltd.

AlbertaOil SandsTechnology&ResearchAuthority
L'Association pour laValorization des HiulesLourdes

Uentech Corporation

Enpex Corporation

Texas Tar Sands Ltd.

GettyOil Company
SuperiorOfl Company
M.HWhhtierCorporation

RayM Southworth

Falcon Sciences, Inc.

Greenwich Oil Corporation

BowRiver Pipelines Ltd.

Mobil Oil Canada, Ltd.

Last Appearance in SFR

September 1989; page 3-42

March 1984; page 3-34

March 1992; page 3-50

March 1987; page 3-29

June 1994; page 3-48

December 1983; page 3-58

June 1987; page 3-55

January 1996; page 3-54

March 1985; page 3-42

September 1988; page 3-61

December 1985; page 3-51

December 1983; page 3-59

January 1999; page 3-32

December 1979; page 3-31

January 1995; page 3-35

March 1984; page 3-41

June 1994; page 3-49

June 1994; page 3-37

March 1989; page 3-63

December 1985; page 3-38

June 1994; page 3-39

January 1997; page 3-29

December 1989; page 3-63
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STATUS OFOIL SANDSPROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

FrogLake Pilot Project

GLISP Project

Grossmont Thermal Recovery Project

HOPKern RiverCommercial

Development Project

Imperial Cold Lake Pilot Projects

IpiahkEast Project

Ipiatik Lake Project

IronRiver Pilot Project

Jet LeachingProject

Kenoco Project

KentuckyTar Sands Project

Uoydminster Fireflood

Lindbergh Commercial Project

Lindbergh SteamProject

Lindbergh Thermal Project

Manatokan Project

Texaco Canada Petroleum

Amoco CanadaPetroleum Company Ltd.

AOSTRA

Unocal Canada Ltd.

Ladd Petroleum Corporation

ImperialOil Resources Ltd.

AlbertaEnergyCompany
AmocoCanadaPetroleum Company, Ltd.

DeminexCanada

AlbertaEnergy Company and

Petro-Canada

Mobil Oil Canada

BP Resources Canada Ltd.

Kenoco

TexasGasDevelopment

MurphyOil Company, Ltd.

Amoco Canada PetroleumCompany Ltd.

MurphyOil Company Ltd.

Amoco Canada PetroleumCompany Ltd.

Canada Cities Service

Westcoast Petroleum

last Appearance in SFR

January 1997; page 3-29

January 1996; page 3-56

December 1988; page 3-71

June 1985; page 3-51

January 1996; page 3-56

March 1992; page 3-54

December 1986; page 3-63

January 1996; page 3-57

June 1991; page 3-57

December 1991; page 3-52

June 1985; page 3-52

December 1983; page 3-63

January 1995; page 3-37

January 1996; page 3-57

January 1995; page 3-48

September 1982; page 3-43

Marguerite Lake
'B'

Unit

Meota SteamDrive Project

Mine-Assisted In Shu Project

AOSTRA

BP Resources Canada

Petro-Canada

ConterraEnergyLtd

SaskatchewanOil &Gas

Total Petroleum Canada

Canada Cities Service

Esso Resources Canada Ltd.

GulfCanadaResources, Inc.

HuskyOil Corporations, Ltd.

Petro-Canada

Mobil Cold Lake Steam Stimulation Program Mobil Oil Canada

MorganCombination ThermalDrive Project Canadian Natural Resources Limited

MRL Solvent Process

Muriel Lake

C&ACompanies

MineralsResearchLtd.

CanadianWorldwide Energy

December 1988; page 3-72

June 1987; page 3-60

December 1983; page 3-64

January 1997; page 3-30

January 1997; page 3-31

March 1983; page 3-41

June 1987; page 3-61
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MurphyOil CompanyLtd

STATUSOFOH SANDSPROJECTS

COMPLETEDAND SUSPENDEDPROJECTS (Continued)

Project

MurphyOil LindberghCommercial

Thermal Recovery Project

NorthKinseUaHeavyOil

Orimulsion Project

Orinoco Belt Steam SoakPilot

OSLO Project

Peace River Complex

PeaceRiver In Shu Pilot

Pelican-Wabasca Project

Porta-Plants Project

PR Spring Project

Primrose Project

Primrose-Kirby Project

ProvostUpperMannvilleHeavyOil

Steam Pilot

Ranger Oil Elk Point Project

RAPAD BitumenUpgrading

RasGharib Thermal Pilot

Resdeln Project

RF. Heating Project

Rio VerdeEnergyProject

RTRPilot Project

Sandaha

Petro-Canada

Petroleos de Venezuela SA

VebaOel AG

Maraven

Imperial Oil Ltd

Canadian Occidental

GulfCanada

Petro-Canada

PanCanadian Petroleum

AlbertaOil SandsEquity

SheU Canada Limited

Amoco Canada Petroleum

AOSTRA

SheU Canada Limited

SheU ExplorerLimited

CS Resources

Porta-Plants Inc.

Enercor

Solv-ExCorporation

Japan Oil Sands Company
Norcen EnergyResourcesLtd

Petro-Canada

AOSTRA

Canadian Occidental Petroleum Ltd

Imperial Oil Ltd

MurphyOil

Norcen EnergyResourcesLtd

RangerOfl Ltd

ResearchAssociation for PetroleumAlternatives

General Petroleum CompanyofEgypt

GulfCanadaResources Inc.

ET Research Institute

Halliburton Services

United StatesDepartment ofEnergy

Rio Verde EnergyCorporation

RTROfl Sands (Alberta) Ltd

GulfCanadaResources Ltd

Home Ofl Company, Ltd

Mobil OflCanadaLtd

LastAppearance in SFR

January 1999; page 3-34

June 1985; page 3-58

January 1996; page 3-48

January 1996; page 3-58

June 1994; page 3-41

January 1998; page 3-35

June 1987; page 3-61

January 1997; page 3-34

September 1986; page 3-50

January 1996; page 3-59

September 1984; pageT-16

June 1986; page 3-56

June 1994; page 3-54

January 1998; page 3-36

December 1991; page 3-55

March 1990; page 3-54

March 1983; page 3-43

March 1983; page 3-43

June 1984; page 3-58

March 1991; page 3-53

March 1992; page 3-58
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STATUSOFOIL SANDSPROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

Santa Fe Tar SandTriangle

Santa Rosa OU Sands Project

Altex Oil Corporation

Santa Fe EnergyCompany

Solv-ExCorporation

Sarnia-LondonRoadMiningAssisted Project Devran Petroleum

SheU Canada

Soars LakeHeavyOil Pilot Bow River Pipelines Ltd

Solv-ExMinerals FromTar Sands Research Solv-Ex

AOSTRA

Solv-Ex/SuncorTailings Recovery Project Solv-ExCorporation

Solv-Ex/Unhed Tri-StarOilsandAgreement Solv-ExCorporation

UnitedTri-StarResources, Ltd

SouthKinseUa (KinsellaB)

SouthTexas Tar Sands

Steepbank Pilot Project

Sunnyside Tar Sands Project

Texaco Athabasca Pilot

Three StarOilMiningProject

Total-MaravenOrinoco Tar Sands Project

Tucker Lake Pilot Project

UltrasonicWave Extraction

VacaTar Sand Project

Wabasca Fireflood Project

Whherocks Oil Sand Project

WolfLakeOxygen Project

Yarega Mine-Assisted Project

"200"

Sand Steamflcod Demon

stration Project

Dome Petroleum

Conoco

Chevron CanadaResources

GNC EnergyCorporation

Texaco Canada Resources

Three StarDrilling and ProducingCorporation

Total

Maraven SA

HuskyOil OperationsLtd

WesternTar Sands

Santa Fe Energy Company

GulfCanada Resources, Inc.

Enercor

Hinge-line OverthrustOil&Gas Corp.

RockyMountain Exploration Company

BP Canada Resources

PetroCanada

Russia

Santa Fe EnergyCompany
United States DepartmentofEnergy

TA<et Appearance in SFR

December 1986; page 3-60

March 1985; page 3-45

December 1988; page 3-62

January 1996; page 3-59

January 1995; page 3-51

January 1999; page 3-38

January 1995; page 3-40

December 1988; page 3-76

June 1987; page 3-64

January 1996; page 3-60

June 1994; 3-44

June 1987; page 3-66

January 1995; page 3-42

January 1997; page 3-38

December 1991; page 3-57

June 1987; page 3-66

March 1982; page 3-43

September 1980; page 3-61

December 1983; page 3-55

September 1988; page 3-70

January 1997; page 3-40

June 1986; page 3-62
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INDEX OF COMPANY INTERESTS

Company orOrganization

AECOil Sands Ltd Partnership

AlbertaDepartmentofEnergy

AlbertaEnergyCompany

AmocoCanadaPetroleumCompany, Ltd

ARCO

AthabascaOil Sands Investments Inc.

BlackRockVentures, Inc.

CanadianNaturalResources, Ltd

Canadian Occidental Petroleum, Ltd

CanadianOil Sands Investments, Inc.

Chevron Canada Resources Ltd

ChinaNational PetroleumCorporation

CoastalCorporation

Conoco

Consumers Cooperative Refineries Ltd

Crown EnergyCorporation

FinaResources Inc.

Gibson PetroleumCompanyLtd

GulfCanadaResources Ltd

Imperial Resources OilLtd

JamesW. Bunger andAssoc. Inc.

JapanCanadian Ofl Sands Ltd

KirkwoodOfl andGasCompany

Lagoven

Maraven

MCN EnergyGroup

ProjectName

FosterCreek SAGD Project

Syncrude CanadaLtd

Taciuk Processor Technology

Primrose Lake Commercial Project

Syncrude CanadaLtd

Burnt Lake Project

Primrose Lake Commercial Project

WolfLake Project

PetroleraAmerivenOrinoco Tar Sands Project

Syncrude Canada Ltd

BlackRockVentures In Shu RecoveryProject

TangleflagsNorth

Hangingstone Project

Syncrude CanadaLtd

Syncrude CanadaLtd

AthabascaOil Sands Project

Dover SAGD Project

Dover SAGD Project

Zuata Orinoco Tar Sands Project

PetrozuataOrinoco Tar Sands Project

NewGradeHeavyOil Upgrader

CrownAsphaltRidge Oil Sands Project

Surmont Oil Sands Project

Dover SAGD Project

Surmont Oil Sands Project

Syncrude Canada Ltd

Dover SAGD Project

Hanging Stone Project

ImperialCold Lake Project

SyncrudeCanadaLtd

Asphalt FromTar Sands

Hangingstone Project

Tar SandTriangle

CerroNegro Orinoco Tar Sands Project

Petrozuata Orinoco Tar Sands Project

CrownAsphaltRidgeOil Sands Project
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INDEXOFCOMPANYINTERESTS (Continued)

Company orOrganization

Mobil Oil CanadaLtd

Mocal EnergyLtd

MurphyOil CanadaLtd

NewGrade Energy Inc.

Northstar EnergyCorporation

PanCanadian Petroleum

Petro-Canada

Petroleos deVenezuela S.A. (PDVSA)

Phillips Petroleum

Renaissance EnergyLtd

SaskatchewanGovernment

SheU Canada, Ltd

Statoil

Suncor Energy Inc.

Synco Sunnyside Project

Syncrude Canada Ltd

Texaco Inc.

Total

The UMAGroup Ltd

Western Oil Sands Inc.

Xinjiang, China

ProjectName

Cerro Negro Orinoco Tar Sands Project

Keari Oil Sands Project

Syncrude Canada Ltd

Syncrude CanadaLtd

TangleflagsNorth

NewGradeHeavyOilUpgrader

Dover SAGD Project

Christina Lake Thermal Project

PanCanadianElkPoint Oil Sands Project

Pelican Lake Project

Senlac SteamAssistedGravityDrainage Project

Dover SAGD Project

Hangingstone Project

Syncrude CanadaLtd

PetroleraAmeriven OrinocoTar Sands Project

Sincor OrinocoTar Sands Project

Zuata Orinoco Tar Sands Project

Petrolera AmerivenOrinoco Tar Sands Project

Eyehfll In Shu CombustionProject

NewGradeHeavyOil Upgrader

Athabasca Oil Sands Project

Scotford SyntheticCrude Refinery

SincorOrinoco Tar Sands Project

Burnt Lake Project

SuncorEnergy Inc. Oil Sands Group

Synco Energy Corporation

AuroraMine

McKhtrick Diatomaceous Earth Project

PetroleraAmerivenOrinoco Tar Sands Project

Sincor Orinoco Tar Sands Project

TaciukProcessorTechnology

AthabascaOil Sands Project

Zhunkeer Basin Tar Sands Evaluation
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PROJECT ACTIVITIES

WABASH RIVER GASIFIER HAS

PROCESSED OVER 1.3 MILLION TONS OF

COAL

The Wabash River Coal Gasification Repower

ing Project uses Dynegy's coal gasification

technology (the "Destec Gasification Process"),

which features an oxygen-blown, slurry-fed, two-

stage entrained-flow gasifier, with heat recov

ery, dry filtration and a conventional amine-

based sulfur removal system to provide clean

syngas to a General Electric 7FA-based power

generation block. The project has been in

commercial operation since 1995 utilizing coal

feedstock.

A. Tsang of Dynegy's Gasification Business Unit

discussed the results from testing of an alter

nate fuel, petroleum coke, in this system at the
16th

Annual International Pittsburgh Coal Con

ference held in Pittsburgh, Pennsylvania, in

October. Dynegy believes the demonstration of

the inherent fuel flexibility of its gasification

technology will result in applications with other

opportunity fuels, including coal fines, renew

ables, orwaste materials.

The Destec Gasification Process/The

Wabash Plant

The Destec Gasification Process features an

oxygen-blown, continuous-slagging, two-stage,

entrained-flow gasifier that uses natural gas for

startup (Figure 1). Coal or coke is milled with

water in a rodmill to form a slurry. The slurry is

combined with oxygen in mixer nozzles and in

jected into the first stage of the gasifier, which

operates at 2,600F and 400 psig. Oxygen of

95 percent purity is supplied by a turnkey
2,060-ton per day low-pressure cryogenic distil

lation facility.

In the first stage, slurry undergoes a partial oxi

dation reaction at temperatures high enough to

bring the coal's ash above its melting point. The

fluid ash falls through a taphole at the bottom of

the first stage into a water quench, forming an

inert vitreous slag. The syngas then flows to the

second stage, where additional coal slurry is

injected. This coal is pyrolyzed in an endother-

mic reaction with the hot syngas to enhance

syngas heating value and to improve overall

efficiency.

The syngas then flows to the High-Temperature

Heat-Recovery Unit (HTHRU), essentially a

firetube steam generator, to produce high-

pressure saturated steam. After cooling in the

HTHRU, particulates in the syngas are removed

in a hot/dry filter and recycled to the gasifier

where the carbon in the char is converted into

syngas. The syngas is further cooled in a series

of heat exchangers, is water scrubbed to re

move chloride and is passed through a catalyst

that hydrolyzes carbonyl sulfide into hydrogen

sulfide. Hydrogen sulfide is removed using

MDEA-based absorber/stripper columns. The
"sweet"

syngas is then moisturized, preheated,

and piped over to the power block, where it is

combusted in a GE 7FA high-temperature com

bustion turbine/generator to produce 192 mega

watts-electricity.

The gasification facility also produces two

commercial byproducts. Sulfur is removed as

99.9 percent pure elemental sulfur and mar

keted to sulfur users. Slag is being marketed as

an aggregate in asphalt roads, as structural fill

in various types of construction applications, as

roofing granules, and as blasting grit.

Wabash Plant Operation

Commercial operation of the facility began late

in 1995. Within a few months, both the gasifi

cation and combined-cycle plants successfully

demonstrated the ability to run at capacity and

within environmental compliance while using

locally mined high-sulfur Illinois Basin bitumi

nous coal. However, the first year of operation

resulted in only a 20 percent capacity factor,
with over one-half of the outage time being at

tributable to the dry char particulate removal

system where frequent failures of the ceramic

candle filters were experienced. Step improve

ments in production were made in the second

and third commercial years. The plant sur

passed milestones of 10,000 hours of coal op-
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FIGURE 1

GASIFICATION PROCE88
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eration and the millionth ton of coal processed

in September 1998, and achieved 77 percent

availability for the third commercial year

(excluding downtime attributed to combined-

cycle power generation and alternative fuel

testing).

While the beginning of 1999 had all the early

indications of another record syngas production

year, the combustion turbine compressor failure

in March 1 999 temporarily put a brake in the

improvement trend. Damage occurred to the air

compressor rotor and stator of the combustion

turbine assembly, and due to repair parts avail

ability, resulted in a 100-day unscheduled out

age for the project. The plant resumed opera

tion in June, and resumed its record-breaking

trend in July and August.

Petroleum Coke Test Program

Eighteen thousand tons of a delayed sponge

coke were processed from November 17

through November 27, 1997. The plant

switched from coal to 100 percent petroleum

coke feed on-the-fly without interrupting opera

tion. The coke had a sulfur content of

5 percent, which is well within the sulfur design

limit of the Wabash Plant. A fluxing compound

is added to the feed prior to slurry preparation to

enhance slag formation. Slag from an earlier

coal run was chosen because of its ready avail

ability and its known ash flow characteristics.

Plant operation was steady during the petroleum
coke testing period. Operation at full load was

achieved with 100 percent petroleum coke fuel

supply while meeting all environmental emission

4-2
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criteria. Operation was maintained at about

90 percent of syngas facility capacity for the

greater part of the test to match the combustion

turbine fuel requirements.

Overall thermal performance (see Table 1) was

slightly improved during petroleum coke opera

tion, with overall plant efficiency estimated at

40.2 percent (high heating value). The reduced

syngas consumption by the combustion turbine

in the actual caseswas better than expected.

Product syngas characteristics were similar to

operation utilizing bituminous coal feeds, as

shown in Table 2.

Overall petroleum coke operation was not sig

nificantly different than coal operation, and the

equipment and systems put in place atWabash

River were adequate for this operation without

modification. Other observations:

Gasifier operation on petroleum coke,

although requiring somewhat higher

temperatures, is much simpler than coal

operation, primarily due to the reduced

volume of ash components. Gasifier op

eration was proven down to a level of

2 percent flux addition.

Trace metal components were captured

in the slag, which passed leachate test

ing and thus is a non-hazardous mate

rial. Nickel and vanadium did not appear

in the liquid or gas streams resulting

from gasification.

Tar presence in the syngas is negligible.

Industrial hygiene considerations are the

same as for coal-fired operation.

Additional char is produced and contin

ues downstream of the heat recovery

unit, but can be handled utilizing dry char

particulate removal systems of the cur

rent design.

It appears that future units designed to utilize

petroleum coke as their primary fuel source can

be similar to Wabash, but with some improve

ments to reduce costs or improve operability.

Low flux requirements demonstrated atWabash

mean that the slag, ash and flux systems in
fu-

TABLE 1

THERMAL PERFORMANCE SUMMARY

Design

Coal

A(:tual

Coal Petcoke

Nominal Throughput, tons/day 2,550 2,450 2,000

Syngas Capacity, MMBTU/hr 1,780 1,690 1,690

Combustion Turbine, MW 192 192 192

Steam Turbine, MW 105 96 96

Auxiliary Power, MW 35 36 36

Net Generation, MW 262 261 261

Plant Efficiency, % (HHV) 37.8 39.7 40.2

Sulfur Removal Efficiency, % >98 >99 >99
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TABLE 2

PRODUCT SYNGAS ANALYSIS

Typical Petroleum

Coal Coke

N2,% 1.9 1.9

Ar, % 0.6 0.6

co2, % 15.8 15.4

CO, % 45.3 48.6

H2,% 34.4 33.2

CH4, % 1.9 0.5

Total S, ppmv 68 69

HHV, BTU/scf 277 268

ture plants can be downsized considerably. The

low reactivity of the petroleum coke will mean

elimination of certain equipment at Wabash in

tended to minimize tar formation. Because of

the higher energy content and less tonnage re

quirement for petroleum coke, the coal handling
and slurry preparation systems can be down

sized as well. Operation should continue to be

smoother than coal, indicating improved avail

ability and capacity factor for a petroleum coke

facility.

FEDERAL FUNDING APPROVED FOR

KENTUCKY PIONEER ENERGY PROJECT

In November the United States Department of

Energy (DOE) announced that the Kentucky
Pioneer Energy Project, planned for Clark

County, Kentucky, will become part of the fed

eral government's Clean Coal Technology Pro

gram.

United States Energy Secretary B. Richardson

approved the use of $78 million in Clean Coal

Technology funding as the federal share of the

$432-million, 400-megawatt project.

The Kentucky Pioneer Energy Project will be a

showcase
facility,"

Richardson said. "It will em

ploy advanced, clean technology that will bene

fit the environment, provide low cost power to

spur economic growth, and demonstrate how

cities can eliminate municipal solid waste by

mixing it with coal to produce
electricity."

The federal funding is part of agreements

reached between the United States Energy De

partment, Duke Energy Corporation of North

Carolina, and Global Energy Inc., the Cincinnati-

based parent company of Kentucky Pioneer En

ergy. Under the agreements, Global Energy will

replace Duke Energy as the department's in

dustrial partner in a Clean Coal Technology
project that had encountered siting difficulties in

Southern Illinois.

The Illinois project was to employ much of the

same technology as the Kentucky project, and

as part of the agreements, the Energy Depart

ment will approve
"relocating"

the project to

Eastern Kentucky. Global Energy, in turn,
agreed to incorporate several unique features of

the Illinois project into the Kentucky project, in

cluding tests of advanced fuel cells. The com

pany will also provide The DOE with technology
data for the project's design, construction and

operation.

Plans are to use a site near Trapp, Kentucky,

originally slated for a conventional coal-fired

powerplant nearly 2 decades ago. When the

forecasted demand for electricity failed to mate

rialize in the early 1980s, construction at the

East Kentucky Power Cooperative's J.K. Smith

site was halted, leaving an excavated tract with
plant foundations, an administration building,
railroad spur and connections to the electrical

grid.

Now the idle 300-acre tract will become the site

for a new integrated gasification combined-cycle

powerplant.

In the Kentucky project, the gasification process

will incorporate an added feature. Municipal
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solid waste will be collected and combined with

coal to form fuel briquettes for the gasification

process. Global is reviewing possible "fuel is
land"

locations around the state where the bri

quettes will be made.

Another high-tech innovation will be the use of a

fuel cell in the plant's power generating section.

Because no combustion is involved, fuel cells
are among the cleanest power technologies now

envisioned. In the Kentucky project, some of

the synthesis gas will be directed to a

1.25-megawatt molten carbonate fuel cell to be

furnished by FuelCell Energy Inc. of Danbury,
Connecticut.

When operations begin in 2002, electricity from

the plant will be sold to East Kentucky Power

Cooperative under a 20-year contract.

The project is the fourth in the Clean Coal

Technology Program to demonstrate coal gasi

fication but the first to be partially fueled by mu

nicipal solid waste and to employ a fuel cell.

RENTECH F-T TECHNOLOGY PROPOSED

FOR ESPERANCE IGCC PROJECT

Rentech Inc. says that its Fischer-Tropsch (F-T)

technology is expected to play an important part

in a proposed electrical power and F-T fuels

project in West Australia as announced by Hill-

crest Resources N.L.

The Global Gas and Power Division of Tex

aco Inc., Hillcrest, and Australian Power and

Energy Corporation Holdings Ltd. (APEC), have

agreed to enter into formal joint-venture nego

tiations for the development of the proposed

Esperance Power Project.

APEC holds the rights to the lignite deposit

which underlies the project. The deposit is lo

cated at Salmon Gums, approximately

350 miles east southeast of Perth, Australia,
and 60 miles north of the Port Town of Es

perance.

The deposit is large with a total resource ex

ceeding 2 billion tons. The project focus will be

on an area of around 760 million tons. Total

indicated oil resources in the lignite zone are

approximately 272 million barrels On the form of

kerogen).

Preliminary project sizing is for a
200-megawatt-

electrical powerplant and a 6,000-barrel per day
F-T plant according to principals of Hillcrest and

APEC. It is expected that Texaco's gasification

technology will be used to gasify the lignite to

produce a syngas. The syngas will in turn be

used to produce electricity and feed the Ren-

tech-designed F-T reactor.

Total capital costs for the Esperance Power

Project are expected to be around $500 million.

SGI INTERNATIONAL TO ACQUIRE ENCOAL

LFC PLANT

On December 16 SGI International (SGII) an

nounced that it has executed an agreement with

AEI Resources (AEI), which transfers the Liq-

uids-From-Coal (LFC) demonstration plant

(ENCOAL plant) and all related LFC assets from

AEI to SGII. The acquisition of ENCOAL is a

major step to restarting the plant and selling

upgraded coal and liquid products for testing
and subsequent use by interested electric utili

ties and chemical customers. SGII expects that

this testing should serve as a basis for entering
into long-term agreements with these and other

customers to sell the same LFC products and

thus provide a basis for obtaining financing for

the first commercial LFC plant to be built in the

Powder River Basin.

In May 1999 SGII announced an agreement with

AEI Resources to acquire ENCOAL and all re

lated LFC assets, including AEI's 50 percent

interest in the LFC technology. That agreement

has been amended and restated with all condi

tions to closing having been satisfied. The ac

quisition agreement and related security agree

ments, which allow foreclosure, require that be-
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fore SGII can operate the plant it must satisfy

certain other conditions by the end of the first

quarter. Management believes that the com

pany will be able to satisfy those conditions.

The major condition is to obtain an investor and

to secure financing to replace AEI on bond and

indemnity obligations. As part of the financing,
SGII anticipates that an investorwill be required

to invest approximately $10 million in ancillary

processing equipment improvements to the

plant.

SGII's objective is to put the ENCOAL plant into

operation by the end of 2000. The ENCOAL

plant, constructed by Shell Mining Company and
the United States Department of Energy, started

operating in 1992 and operated successfully for

5 years at a total cost for construction and op

eration of $101 million.

The ancillary processing equipment is required

primarily to increase the value of the coal liquids

and to make ENCOAL a commercial operation.

This equipment will position ENCOAL as a

scaled-down version of a commercial LFC plant,

rather than merely a demonstration plant. The

equipment required will:

Remove fines from the liquid stream and

process the raw liquid into final chemical

products.

from the plant. Ofthe four liquid products, three

have successfully passed the product testing
protocol of the customer and the fourth is in the

test phase. SGII presently believes that it will

have entered into agreements for the purchase

ofthe feedstock coal and the sale of all products

produced by ENCOAL by the end of the first-

quarter of 2000.

An earlier December announcement said that

American Electric Power (AEP) agreed to trans

port by rail SGII's upgraded coal from the

ENCOAL demonstration plant located near Gil

lette, Wyoming, to AEP's Cook Coal Terminal at

Metropolis, Illinois, for barge delivery to various

SGII customers. Shipments are expected to

begin next year and continue through at

least 2004.

SGII's upgraded coal is produced by drying and

heat-treating Powder River Basin coals in its

LFC patented process. The upgraded coal will

contain 30 percent more BTU and 25 percent

less sulfur than the feed coal and retain the low

emissions of NOx inherent in Powder River Ba

sin coals. The process also produces a low-

temperature coal tar that will be used for chemi

cal feedstocks and fuels to be sold to other

customers.

Agglomerate fines generated by the

process into salable solid product.

Provide a continuous method for stabi

lizing the solid product.

SGII is projecting, based on past operating ex

perience, product pricing criteria and Sec

tion 29(c) alternative fuels tax credits, that the

ENCOAL plant can generate an attractive return

to an investor.

The engineering, design and final cost determi

nation for the ancillary equipment to be added to

ENCOAL have been completed.

Work continues on finalizing an agreement for

feedstock coal supply to ENCOAL and com

pleting contracts for the sale of liquid products

PRENFLO GASIFIER IN PUERTOLLANO

WORLD'S LARGEST, REACHES

93 PERCENT CAPACITY

With a capacity of 300 megawatts-electric (net),
the Integrated Gasification Combined-Cycle

(IGCC) plant in PuertoUano, Spain, is the largest
unit worldwide based on coal. The plant is

based on the PRENFLO gasifier, an
entrained-

flow gasification system with dry fuel dust feed

ing, developed by Krupp Uhde (Krupp Koppers).
Entrained-flow gasification with dry dust feeding
is able to gasify a wide variety of solid fuels

(hard coal, lignite, anthracite, refinery residues,

etc.).

The commissioning/operation of the gas island

within the IGCC powerplant was described by
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W. Schellberg and E. Kuske of Krupp Uhde

GmbH at the
16th

Annual International Pitts

burgh Coal Conference held in Pittsburgh,

Pennsylvania, in October 1999.

The Gas Island

The gas island is part of the highly integrated

combined-cycle system and consists of the fol

lowing plant units:

Coal preparation

PRENFLO gasification

Desulfurization

Claus unit

Figure 1 shows the block diagram of the com

plete IGCC plant. The plant was built by
ELCOGAS, S.A., a Spanish company formed by
several utility companies from Europe and the

main process suppliers.

Raw coal and petroleum coke are first mixed

and then milled and dried in the coal preparation

unit. The produced coal dust is gasified to

getherwith oxygen in the PRENFLO gasification

unit. In the desulfurization unit (MDEA process)
the raw gas from the PRENFLO unit is cleaned

and the clean gas is sent to the gas turbine.

The Claus gas (H2S-fraction) from the desulfuri

zation unit is treated in the Claus unit, where

elemental sulfur in solid form is produced.

Performance Results

The first coal gas was produced in Decem

ber 1997. In 1998 a total of 426 operating hours

producing coal gas/clean gas was reached. For

37 hours the clean gas was burnt in the Sie

mens gas turbine. Up to the shut-down at the

end of February 1999 and the restart on

June 14, 1999, a total of 610 gas production

hours and 74 hours gas turbine operation were

collected.

With a coal gas/clean gas production rate of

approximately 93 percent, a total power output

of 311 megawatts-electric (MWe) was reached

on November 13, 1998. Based on 100-percent

gas production the total power output will be

335 MWe (gross), the design capacity of the

plant.

Operating Experiences

Coal Dust Sluicing - In the early phases of

commissioning, gravity transfer of coal dust

from the lock-hoppers to the feed-bin performed

with insufficient capacity at elevated pressure.

The problem was solved by a modification of

the transfer logic program and by a minor hard

ware change. The changes have been demon

strated to perform successfully by transferring

approximately 100 percent coal dust capacity

with only three (of four) lock-hoppers.

PRENFLO Gasifier - The interior surface of the

gasifier is uniformly covered by a closed slag

layer. Depending on the run length, the slag

layer is approximately 15 to 35 millimeters thick.

Due to the effect of thermal stresses within the

layer, part of the slag can be lost after gasifier

shut-down. Plates of significant dimensions

separate from the refractory and fall down to the

gasifier bottom. However, gasifier heat flux

data show that the refractory is recovered within

short periods of time (approximately
20 minutes).

Slag System - During early operation, galvanic

corrosion occurred at the interface of stainless

steel tubes and carbon steel tube sheet. An

overlay welding repair was executed. Inspec

tion after 1 year showed no sign of further cor

rosion attack.

Dry Dedusting - Downstream of the waste heat

boiler system, the combined streams of raw and

quench gas are dedusted by a ceramic candle

filter. The dust content downstream of the unit

is stable within specified limits. Not a single

candle failure has been experienced during op

eration and all jet pulse cleaning valves perform

satisfactorily.

Outlook

The commissioning of the PRENFLO gasifica

tion system is successful. Minor mechanical

problems could be solved. The guaranteed

THE SYNTHETIC FUELS REPORT. JANUARY 2000

4-7



COAL

FIGURE 1

IGCC SYSTEM
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performance data will be achieved, say Schell

berg and Kuske.

Further operation periods are necessary to

demonstrate the required availability of the

complete IGCC plant in PuertoUano.

PINON PINE PROJECT MAKES LITTLE

PROGRESS IN GASIFIER RUN TIMES

The Pinon Pine Project is part of the United

States Department of Energy's (DOE) Clean

Coal Technology Program. The DOE's share of

the project is $168 million, with Sierra Pacific

Power Company (SPPCo) paying the remaining
50 percent of the $336 million total cost. The

Pifton plant is located at SPPCo's Tracy Station,
17 miles east of Reno, Nevada. The Pifton In

tegrated Gasification Combined-Cycle (IGCC)
project uses hot-gas cleanup and features a

Kellogg-Rust-Westinghouse (KRW) fluidized-

bed, ash-agglomerating gasifier operating in an

air-blown mode. Since the gasifier was first

fired in January 1998, SPPCo has made slow

progress toward achieving integrated operation

of all systems. SPPCo's progress has been

slowed by problems mostly external to the gasi
fier. D. Geiling of the Federal Energy Technol

ogy Center summarized the technology featured
in the Pifton IGCC project, discussed some of

the operational problems and presented the

project status at the
13th

U.S.-Korea Joint Work

shop on Energy and Environment held in Reno,

Nevada, last September.

Process Description

Gasifier - Low-sulfur bituminous coal (from the

Uinta Basin in Utah), air, limestone (from nearby
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Carson City, Nevada), and steam are fed to the

KRW gasifier. Some of the coal is burned to

maintain an operating temperature of

about 1,800F, and the remainder devolatilizes

and reacts with steam to yield a raw fuel gas.

The gas contains hydrogen, carbon monoxide,

methane, nitrogen, carbon dioxide, water vapor,
hydrogen sulfide, carbonyl sulfide, ammonia

and entrained-particulate matter. The gasifier

operating temperature is high enough that the

product gas is free of tars and oils. With the

low-sulfur coal used in this project, about half of

the sulfur is removed in the gasifier by the lime

stone. Ash, any unreacted char, spent lime

stone and unreacted limestone is withdrawn

from the gasifier bottom.

Gas Cleanup - Gas cleanup equipment in an

IGCC powerplant is relatively inexpensive com

pared to flue gas cleanup in a conventional

coal-steam powerplant, due to the volume of

gas which is cleaned.

After cooling the gasifier effluent to 1,000F,
with production of steam for power generation,

the raw fuel gas is cleaned of remaining sulfur

to 20 parts per million by a regenerate sorbent.

A hot-gas filter, supplied by the Westinghouse

Electric Corporation, removes essentially all of

the remaining particulates from the desulfurized

coal gas that exits the transport desulfurizer.

The hot-gas filter is a ceramic candle-type filter

that is cleaned of accumulated filter cake by
back pulsing with recycle product gas.

Power Island - The cleaned hot gas is deliv

ered at 1,000F to a General Electric (GE)
model MS 6001 FA gas turbine unit, where it is

burned to produce about 61 megawatts of elec

tric power. The advanced firing system (rotor

inlet temperature of 2,350F) and cooling sys

tem of F-class gas turbines provide combined-

cycle powerplants with the highest total-cycle

efficiency of any proven type of fossil-fueled

electric power generation system.

This will be the first model MS 6001 FA gas tur

bine to operate on low-BTU gas. Combustion

testing of low-BTU fuels at GE confirmed that

the unit will operate satisfactorily on flue gas

from the KRW gasifier.

Hot flue gas leaves the gas turbine and enters a

Heat Recovery Steam Generator (HRSG),

which generates steam at two pressure levels.

The high-pressure steam (950F/950 psia) is for

power generation. The low-pressure steam

(90 psia) is used in the steam turbine generator

and elsewhere. The steam turbine produces

46.2 megawatts of electric power. Flue gases

are released to the atmosphere through a

225-foot stack.

Water Treatment -Solids leaving the gasifier

are treated in the Sulfator, located in the gasifier

structure. Here, spent gasifier sorbent is con

verted to calcium sulfate and the remaining char

is burned, producing steam.

Results ofOperations

The demonstration

ary 1, 1997, and will

ending July 31 , 2000.

period began Febru-

continue for 42 months,

SPPCo continues to make progress toward

achieving integrated operation of all systems.

Some earlier problems (related to measuring

solids levels) in the fines handling system have

been resolved; however, other non-gasifier

problems such as fines bridging in vessels have

prevented feeding coal for more than 6 to

8 hours continuously. The gasifier has operated

through numerous startup-shutdown cycles with

reproducible specification-quality syngas.

In May 1999 SPPCo experienced significant,

although repairable, problems inside the gasi

fier. These problems involved damage to the

air and coal feed tubes as well as to loose re

fractory that lines the inside of the gasifier. Re

fractory repairs were completed on

June 23, 1999. After assembly of the coal-feed

tube and air tube into the bottom gasifier sec

tion, SPPCo re-installed the assembly into the

gasifier. SPPCo continues to operate the plant

normally in the natural gas-fired, combined-

cycle mode.
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Through July 23, 1999, the gasifier has pro

duced syngas for a total of 33.25 hours since

the first syngas was produced in January 1998.
Figure 1 shows how the hours were accumu

lated.

Table 1 (next page) shows the syngas composi

tion for a typical gasifier run in the past year.

For this run, the gasifier was operating at

120 psig (compared to a design pressure of

280 psig) and an average gas temperature of

1,750F (compared to a design value of

1,800F). For this run the gasifier was not at

steady-state conditions. The low heating value

is somewhat lower than the design value of

129 BTU per standard cubic foot because ofthe

methane component not reaching the design

content of 1.4 percent. Methane content of the

gas will increaseapproaching the specification

value as the gasifier operates closer to design

pressure. Also, the presence of coke breeze in

the gasifier to facilitate startup does not yield as

much methane as the coal, which will be fed as

the operation of the gasifier approaches the de

sign conditions.

Status and Future Testing

SPPCo continues to address problems that limit

the operation of the gasifier to only a few hours

at a time. When the gasifier can be operated at

steady-state conditions for about 12 hours,

SPPCo will begin removing the limestone and

ash from the bottom of the gasifier and trans

porting it to the Sulfator. When SPPCo is confi

dent that the gasifier and its auxiliary systems

will operate reliably, SPPCo, with the assistance

of GE, will transition the gas turbine fuel from

natural gas to syngas. Operation of the power

island on syngas will continue throughout the

remainder of the operations phase. SPPCo and

DOE are confident that the Pifton Pine plant will

produce valuable data for developers of power-

plants featuring the KRW gasification technol

ogy, says Geiling.

GASIFIER IMPROVES FLEXIBILITY OF

EL DORADO REFINERY

The use of Texaco's gasification technology in

an integrated refinery application was chosen at

Equilon's El Dorado, Kansas, refinery because

of the ability to produce valuable syngas from

the lowest valued refinery streams. At

El Dorado, syngas produced from zero or nega

tive value materials displaces natural gas in the

feed to a combustion turbine-generator.

FIGURE 1

PINON GASIFIER SYNGAS RUNSCUMULATIVEHOURS

40-i

o
20-

x

10 -

Jan- Mar- Apr-98 Jun- Sep- Dec- Jan-

| Cum Hrs 2 2.75 4.75 19.75 27.75 30.25 33.25

Month

80URCE: OEILINO
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TABLE 1

GAS COMPOSITION

AT PARTIAL LOAD

Constituent

Volume

Percent

CO

co2

21.1

8.0

CH4 0.4

H2 11.9

N2 53.1

H20

Total

5.5

100.0

H2S

COS
LHV*

12 ppmv

40 ppmv

104BTU/scf

*Lower Heating Value

G. DelGrego of Texaco Power and Gasification

discussed El Dorado's operating experience with

low-value feeds at the 1999 Gasification Tech

nologies Conference held in San Francisco,

California, in October.

Plant Overview

A block flow diagram of the current configura

tion of the gasification unit is illustrated in Fig
ure 1. The unit consists of a single-train

quench-type gasifier, an amine-based acid gas

removal unit, and a simple cycle power block.

The gasifier is designed to operate at pressures

between 300 and 400 psig.

Texaco utilizes a wet feed system whereby the

solids are ground with water to produce a slurry

that is pumped to the gasifier. This system is

considerably simpler and more reliable than dry
feed technologies. It also allows more flexibility

in feedstock selection because wet solids can be

used and they can be combined with liquids

such as oils or other low-value materials while

not requiring multiple feed injector configura

tions. Texaco's wet feed system allows plants

such as El Dorado to simultaneously feed vari

ous moist solid and liquid oil streams using a

single gasifier feed injector.

Feed and oxygen are mixed in the gasifier reac

tion zone through a specially designed injector

where the hydrocarbons are converted to hydro

gen and carbon monoxide. The reducing at

mosphere within the gasifier prevents the for

mation of oxidized species such as SOx and

NOx. Instead, sulfur and nitrogen in the feed

stocks are primarily converted to H2S, ammonia

and nitrogen.

A small percentage of the carbon in the gasifier

feed is unconverted and exits the gasifier as a

byproduct solids stream. Inorganic mineral

matter in the feed is fused to form a molten

glass-like slag, which is non-leachable and non-

hazardous. The remaining fine solids in the

syngas are removed using a water scrubbing

system.

Products of the unit are 35 megawatts of net

power, 180,000 pounds per hour of steam, and

instrument/plant air, nitrogen and oxygen. The

produced power is intended to account for the

total power needs of the refinery with no normal

export power, about 25 percent of its steam re

quirements, all of its nitrogen requirements, and

supplementary oxygen for refinery operations.

The construction of the unit was completed in

approximately 17 months from January 1995 to

May 1996. The first gasifier startup was in

June 1996 and in September 1996, syngas was

fed to the combustion turbine for the first time.

Process Performance on Low-Value

Feedstocks

A summary of the compositions of the gasifier

feedstocks is provided in Table 1.

When the blend of feeds to the gasifier is

changed, surprisingly few process modifications

THE SYNTHETIC FUELS REPORT. JANUARY 2000
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FIGURE 1
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TABLE 1

ANALYSIS OF EL DORADO GASIFIER FEEDSTOCKS

API

Petroleum Recycled Fluxing Acid Sol Separator Primary Phenolic

Coke FilterCake Additive uble Oil Bottoms Sludae Residue

Moisture (as received), wt.% 5-10 50 5 1.4 20-75 20 0.8

API Gravity@60F n/a n/a n/a 18.2 n/a n/a -0.3

HeatingValue (dry), BTU/lb 15,400 13,000 -0 18,900 6,300 <1,000 15,700

Ultimate Analysis (dry), wt.%

Carbon 89.5 88.9 86.4 32.8 0-5 827

Hydrogen 3.9 0.1 120 4.3 7.4

Nitrogen 1.3 0.7 0.02 0.5 0.1

Sulfur 4.7 2.4 0.3 27 0.01

Ash 0.4 7.9 100 0.4 57.6 95-100 02

Oxygen (by difference) 02 0.9 1.8 9.6
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are required. The distributed control system

maintains the oxygen-to-carbon ratio at the de

sired value regardless of the feeds used in the

gasifier.

There has been no noticeable change in the

syngas composition or quality during any com

bination of solids or liquid feeds tried in the unit

to date, says DelGrego.

Low-Value Feedstock Operating
History/Experience

The gasification unit at El Dorado was intended

to be flexible to meet the ever-changing needs

in the refining business. Consequently, since

startup the unit has undergone several feed

stock and configuration modifications to maxi

mize synergies with the refinery.

Petroleum Coke and Fluxing Additives- Pe

troleum coke has been fed to the gasifier since

the initial startup ofthe unit in June 1996. Since

startup of the unit, the refinery coker has raised

its operating temperature to improve its conver

sion. This has caused the hardness of the pe

troleum coke to increase considerably, which

has affected the performance of the grinding

equipment, and in turn, changed the product

slurry characteristics with respect to the original

design. Therefore, minor modifications to the

slurry agitation and pumping equipment were

made to overcome the problems that developed

due to the changes in the slurry.

Acid Soluble Oils (ASO) - The gasification of

acid soluble oil was begun on a continuous ba

sis in 1997. The ASO handling and pumping

equipment all performed as designed and no

modifications to this system have been required.

Consumption of ASO in the gasifier is adjusted

to try to match the production rate from the al-

kylation unit to avoid having to periodically shut

down and restart the auxiliary feed system.

Since 1997 over 13,000 barrels of ASO have

been converted to syngas.

API Separator Bottoms and Primary Sludge -

The gasification of API separator bottoms and

primary sludge has not been started at this unit

because processing these streams in the refin

ery coker is currently deemed more cost-

effective.

Prior to the startup of the gasification unit, the

refinery added facilities at the coker to process

both API separator bottoms and primary sludge.

These facilities can handle the entire refinery

production of these materials, whereas the gasi

fier is only designed to handle a portion of their

total production. Therefore, the refinery is sav

ing on transportation costs.

Phenolic Residue - In 1997 it was determined

that gasifying phenolic residue would be benefi

cial to the refinery due to the negative impact

that processing phenolic residue was having on

other refinery units. A test run on phenolic resi

due proved that phenolic residue could be suc

cessfully gasified. It also proved that low-value

liquid feeds Cm this case ASO and phenolic resi

due) could be switched "on the
fly"

without inter

rupting the auxiliary feed flow to the gasifier.

During the test run, data was collected to con

clude that gasifying phenolic residue had no

effect on the syngas, byproduct solids or water

streams.

Recycled Filter Cake Blend - The recycle of

byproduct solids back to the gasifier was begun

in April 1999. Fines from the rotary vacuum

filter are combined with fines collected in the

concrete slag basin in the coke storage area.

These solids are then mixed into the petroleum

coke for recycle to the gasifier. The gasification

process is flexible enough to allow various mix

ing ratios between the recycle solids and petro

leum coke. This flexibility allowed the refinery

to consume their complete inventory of stored

solids.

Recycling of the unconverted carbon and ash

has worked well. In fact, because the recycled

material contains ash, the unit has been able to

reduce the amount of fluxing additive required.

As always, periodic monitoring of the blended-

feed ash composition is critical in order to

maintain proper gasifier operations.
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Environmental Results

The Texaco gasifier at El Dorado successfully

processes the blended secondary low-value

streams with emissions no different from a tra

ditional single-fuel gasification unit. Data have

shown that all of the measured streams, includ

ing syngas, water blowdown, solids byproducts,
and heat recovery steam generator stack gases

have the same analysis no matterwhat blend of

feeds is sent to the gasifier.

During initial operations with both ASO and

phenolic residue, Toxicity Characteristic

Leachate Procedure (TCLP) testing was done

on both the fine material from the rotary filer

and the coarse material from the slag basin.

Both samples passed TCLP testing during op

eration with ASO and phenolic residue.

In addition, during the test run using phenolic

residue as a gasifier feed, several samples of

the water blowdown were analyzed for traces of

phenol. No phenol was detected in any of these

samples, proving that all of the phenol was con

verted in the gasifier.

Conclusions

The experience gained from the Texaco gasifier

at the El Dorado refinery has proven that the

gasification of blends of low-value feeds is

technically feasible, says DelGrego. The gasi

fier is flexible with regards to feedstock compo

sition while producing syngas of a constant

composition.

Consequently, a Texaco gasifier can be an as

set in the overall refinery configuration. It can

provide the refinery with an environmentally

superior option for the utilization of low-value

and secondary hazardous materials as feed

stock to produce syngas, which can be used to

produce steam and electricity.

CORPORATIONS

COVOL TECHNOLOGIES TO SELL

FACILITIES

Covol Technologies Inc. announced in Novem

ber that it is continuing negotiations with multi

ple parties for the sale of its company-owned

facilities.

Covol owns three synthetic fuel facilities, one in

Utah and two in West Virginia and has previ

ously announced that the properties are for sale.

Covol continues to believe that the sale of its

remaining facilities should enable it to retire all

of the debt incurred in the construction of these

facilities.

Covol Technologies announced in December

that one of the company's licensees has sold its

facility to a major United States electric utility

company.

The project is located in Somerset, Pennsylva

nia, and was developed by West Materials.

Mondom Corporation, a company experienced

in briquetting coal and revert materials, will op

erate the facility. The facility will utilize CovoPs

technology in the production of synthetic fuel

under a licensing agreement.

The facility is expected to operate at a produc

tion level of 650,000 tons per year. Covol will

receive a one-time license fee and will also re

ceive profits from the sale of its binder materi

als.

GOVERNMENT

DOE OPENS
21st

YEAR OF UNIVERSITY

COAL RESEARCH GRANT PROGRAM

The United States Department of Energy's

(DOE) Fossil Energy Office in October opened
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its 21 year of University Coal Research com

petition with a call to the nation's academic re

searchers to submit their best ideas for ad

vancing the science and use of coal.

The focus of this year's request for proposals is

to improve technologies for cleaning up or fur

ther protecting the nation's environment, in

cluding efforts to support the DOE's Vision 21

coal-based energy concept a program to de

velop futuristic, nearly pollution-free energy

plants that could be customized to coproduce

electric power, fuels, chemicals and other high-

value products from coal.

The Department will offer approximately

$3 million in federal funds for winning proposals.

Proposalswere due on December 31, 1999, and

the Department expects to name the winning

projects in May 2000.

Since the program's inception in 1979 nearly

553 grants with a combined value of almost

$96 million have been awarded. In the new so

licitation, DOE is allocating $2.4 million for

seven specific research areas that create the
"core"

portion of the program:

Low-cost, salable byproducts from sulfur

dioxide waste streams to improve the

economics of cleaning up synthesis gas

streams

Improved synthesis gas contaminant

cleanup systems that operate above

250C

Enhance overall performance of solid

oxide fuel cells operating in the tem

perature range of 500 to 1 ,100C

Water gas shift with integrated hydro

gen/carbon dioxide separation to en

hance hydrogen production for fuel cells

Low-cost approaches that remove sulfur

from transportation fuels to the parts-per-

million level

Fischer-Tropsch catalysts that are inex

pensive, that resist attrition and poison

ing, and have high activity and long life

in systems that produce ultraclean, liquid

transportation fuels

Promising Vision 21 systems with inter

changeable modules that can be assem

bled to produce a combination of power,

fuels and chemicals from fossil fuel

feedstocks

Projects proposed in the core program will be

eligible for grants ranging from $80,000 for a

1-year project to $200,000 for a 3-year project

proposed by a single university.

The DOE also intends to set aside $500,000 for

universities to study "innovative
concepts."

Rather than offering incremental improvements,

the Department wants these projects to suggest

prospects for research breakthroughs in such

areas as:

Membrane development for carbon di

oxide separation

Promising Vision 21 configurations

Fischer-Tropsch catalysts

As many as 10 such grants could be awarded.

ECONOMICS

MARKET POTENTIAL FOR DOMESTIC IGCC

PLANTS IS LARGE IF CARBON TAX

APPLIED

Mitretek Systems and CONSOL Inc. have com

pleted the first phase of a market potential study

for Integrated Coal Gasification Combined-

Cycle (IGCC) domestic power production. The

United States Department of Energy funded this

THE SYNTHETIC FUELS REPORT. JANUARY 2000
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study. D. Gray, of Mitretek Systems, et al.

summarized the results of this study, including
the levels of performance and cost necessary to

insure competitiveness with natural gas com

bined-cycle plants, at the
16th

Annual Interna

tional Pittsburgh Coal Conference held in Pitts

burgh, Pennsylvania, last October.

The study examines IGCC market penetration

potential for baseload power generation in the

Northeast United States, an important market

area for IGCC because of the existing coal gen

eration infrastructure and its proximity to coal

producing regions. IGCC market penetration

was evaluated at two levels of IGCC technology
development over a matrix of market condi

tions. The market conditions examined encom

pass natural gas price escalation rates of 0.54 to

4.50 percent per year and carbon taxes of $0 to

$100 per tonne of carbon. The coal price esca

lation rate and SO2 and NOx emission allowance

priceswere fixed in the study.

Current Technology IGCC

The results of the IGCC market penetration

study show that the most critical factor affecting

deployment of IGCC to the year 2010 is the

level of technology advancement that can be

achieved. Without improvements in cost and

performance compared to the current state of

development, no IGCC market penetration is

expected in either the replacement unit or new

capacity market segments regardless of market

conditions. Although site- and market condition-

specific, IGCC power costs from current tech

nology are greater than other new plant,
coal-

fired technology options. Current technology
IGCC power cost is estimated to be 2 to

22 percent greater than competing coal-fired

technologies under Business-As-Usual (BAU)
market conditions ($0 per tonne carbon and gas

escalation rate of 0.54 percent per year).

Coal-fired technology options installed in prefer

ence to current technology IGCC are subcritical

Pulverized-Coal (PC) units at lower carbon

taxes and higher efficiency, and advanced

Pressurized Fluidized-Bed Combustor (PFBC)
units at higher carbon taxes. Advanced Natural

Gas-Combined Cycle (NGCC) plants dominate

the replacement plant and new capacity market

segments at low gas price escalation rate and

high carbon tax market conditions. Advanced

NGCC market penetration declines at high gas

price escalation rates and low carbon tax market

conditions. A significant number of existing

coal-fired plants purchase emission allowances

or retrofit emission control equipment as a com

pliance strategy at lower carbon taxes. In

creasing the carbon tax from $50 to $100 per

tonne carbon significantly changes the compli

ance strategy at existing units toward plant re

placement with higher efficiency
coal- and natu

ral gas-fired technologies.

Advanced IGCC

Performance and cost improvements from the

current level of development to an
"advanced"

level will allow IGCC to effectively compete with

advanced NGCC and with other coal-fired tech

nologies in the power market. Advanced tech

nology IGCC achieves significant market pene

tration under most market conditions. The ad

vanced technology assumed in this study yields

a 16 to 20 percent heat rate improvement and a

23 to 30 percent capital cost reduction from cur

rent IGCC technologies. At this perform

ance/cost level, IGCC technology is superior to

all other coal-fired technologies examined. Ad

vanced technology IGCC power cost is esti

mated to be 15 to 23 percent lower than current

technology IGCC and 6 to 13 percent lower than

competing coal-fired technologies under BAU

market conditions.

Over the range of market conditions examined,

the maximum market penetration for IGCC oc

curs at the highest gas price escalation and

highest carbon tax (see Figure 1). Under these

market conditions, total IGCC penetration in the

Northeast would be 67 plants with a total dis-

patchable capacity (net capacity based on

availability) of 24.0 gigawatts. With these con

ditions, IGCC dominates the power market over

advanced NGCC and only demand and other

compliance options available at existing plants

limit the market penetration.

Advanced IGCC also dominates the market at

the 3.0 percent gas price escalation rate at car-
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FIGURE 1

ADVANCED IGCCMARKETPOTENTIAL

(NortheastU.S.,Year2010)
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bon taxes of $0 to $50 per tonne carbon and

shares the market with NGCC at a $100 per

tonne carbon tax. IGCC market penetration is

fairly constant at 63 to 65 plants (22.6 to

23.3 gigawatts). At $100 per tonne carbon tax

level, IGCC market penetration decreases to

36 plants (12.8 gigawatts).

Advanced IGCC dominates the market at the

1 .5 percent gas price escalation rate only if

there are no carbon taxes. Without a carbon

tax, IGCC market penetration is 63 plants

(22.6 gigawatts). The IGCC market share de

clines to zero as the carbon tax level increases

to $100 per tonne carbon.

Advanced IGCC shares the market with NGCC

at the 0.54 percent gas price escalation rate at

carbon taxes of $0 to $25 per tonne carbon and

has no market penetration at carbon taxes of

$50 to $100 per tonne carbon. The IGCC mar

ket share decreases sharply from 37 plants

(13.3 gigawatts) to 9 plants (3.2 gigawatts) as

the carbon tax increases from $0 to $25 per

tonne carbon. NGCC shares the market with

IGCC at the no carbon tax condition with

28 plants (9.2 gigawatts) and rapidly increases

market penetration as the carbon tax increases

to $100 per tonne carbon. NGCC dominates the

market at carbon tax levels of $50 to $100 per

tonne carbon and no coal-fired plants are built.

Conclusions

Gray et al. conclude that if IGCC is to be a fu

ture player in the United States power market, it
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is imperative to continue development of IGCC

technology to reduce capital costs to about

$1 ,000 per kilowatt and improve heat rates to

less than 7,000 BTU per kilowatt-hour. If these

targets can be achieved, IGCC can then effec

tively compete with other coal-fired technologies

and, more importantly, with NGCC technology.

IGCC will be the coal-fired technology of choice

if the performance and cost estimates used in

the study are achieved.

In addition, advanced IGCC technologies that

achieve these targets can achieve significant

market penetration even under BAU market

conditions. IGCC and NGCC will share the

market for new capacity and existing coal-fired

units will continue operation.

Finally, the imposition of a carbon tax and the

rate of gas price escalation are important factors

that will affect IGCC penetration in both the re

placement unit and new capacity market seg

ments. Carbon taxes have a different market

penetration impact on the replacement unit and

new capacity market segments because addi

tional compliance options are available in the

replacement unit market.

RECENT COST REDUCTIONS INCREASE

IGCC COMPETITIVENESS

Over the past 10 years, substantial progress has

been made in the technological development

and optimization of gasification technologies.

The scale, capital cost, efficiency and onstream

availability of gasification plants have all greatly

improved. Concurrently, quantum leaps have

been made in gas turbine and combined-cycle

powerplant technology, with large increases in

capacity, major reductions in capital cost per

installed kilowatt and great improvements in

overall plant efficiency.

D. Brkic and D. Cooperberg of ABB Lummus

Global detailed how recent joint technical de

velopments between ABB and Texaco have

reduced the power production price via Inte

grated Gasification Combined-Cycle (IGCC) to

commercial levels at the 1999 Gasification

Technologies Conference held in San Fran

cisco, California, last October.

ABB/Texaco Cost Reduction Program

ABB and Texaco joined forces to form the

European Gasification Alliance to jointly im

prove the effectiveness of IGCC, to develop
improved technical and financing approaches,

and ultimately, to materially reduce the resulting

cost of power.

The joint Cost Reduction Study consisted of two

basic elements. First was the creation of a

Standardized Plant Model, whereby a typical

reference design was clearly defined. Secondly,

part of the study focused on Capital Cost Re

duction, the largest single component of the

IGCC power production cost. During this effort,
several areas of cost reduction were identified:

Flow scheme modification in the com

bined-cycle plant section. This results in

increasing net power without significantly

impacting the overall efficiency of the

IGCC. Increasing power production with

the same combined-cycle powerplant

module improves the overall economics.

Optimization of layout and metallurgy of

several piping systems and other de

tailed engineering improvements.

Optimizing sulfur plant installed capacity.

Elimination of certain spare equipment

without loss of plant operability. This is

possible in some units such as the acid

gas removal unit.

Careful attention to establishing a range

of feedstocks for design basis. After the

construction of the new IGCC plant, the

owner will have the option of processing

economically cheaper but heavier feed

stocks.

In addition to these items, several other options
are available for further cost reduction depend-
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ing upon feedstock quality and proximity of in

dustrial facilities capable of utilizing solid resi

dues for the IGCC plant.

The results of the study were positive and are

shown in Figure 1.

With a plant based on one ABB GT13E2 turbine

(the gas turbine utilized at the API Energia

IGCC plant in Italy) producing a nominal

285-megawatts gross, the Cost Reduction Study
yielded a capital cost reduction per unit of power

output between 20 and 27 percent, depending
on the ultimate process configuration selected.

Effect of Plant Size

A sometimes neglected observation in IGCC

commercialization is the plant size effect. With

the relatively high capital cost, the economy-of-

scale can make the difference between eco

nomic and non-economic power production. At

the high end of the range, large IGCC plants

offer diminishing returns due to the need for

several parallel turbines, parallel gasification

trains, etc. The other factor to consider is the

refinery size and availability of feedstock for

IGCC. A 100,000-barrel per day refinery will

yield 500,000 to 800,000 tonnes per year of

vacuum residual feedstock, depending upon

refinery upgrading configuration. Such quanti

ties are suitable for producing 280 to

320 megawatts net of power and some hydro

gen and steam for refinery usage.

Adaptation of Indian and Asian Conditions

Obviously, while each specific project in any

given market will have its own scenario, gener

ally the differences between a typical Asian or

Indian location with respect to a Northwestern

European location will be the following:

Lower plant construction and operating

costs due to lower labor costs

Lower plant efficiency and output due to

different ambient conditions (e.g., higher

average air temperatures of 30C versus

typical Northwestern Europe average

temperatures of 15C)

Different financing conditions, depending
on the project financing currency, risk

profile and associated risk premiums and

fees, minimum acceptable rates of return

FIGURE 1
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Economic Comparison - The Utility's View

The critical issue at this stage is the comparison

of IGCC economics with other power utilization

alternatives.

The first comparison is with power generated by
natural gas, orin an Indian or more typical

Asian situation by Liquefied Natural Gas

(LNG) transported over long distances.

It is assumed that the long-term market power

price will be determined by large powerplants,

e.g., plants based on modules with two

ABB GT26 gas turbines, with a total net output

of about 730 megawatts. The analysis shows

that if LNG is delivered in a port at $3.50 to

$4.00 per million BTU, the "burner
tip"

price of

gasified gas will be between $4.00 and

$5.50 per million BTU, depending on the regasi-

fication costs and on the distance between the

powerplant and the LNG terminal. At the

"burner
tip"

delivered gas price of $4.50 per mil

lion BTU, the IGCC investment yields a

16 percent Internal Rate of Return (IRR) and the

refinery can sell tars to IGCC at over $30 per

tonne.

Economic Comparison - The Refiner's View

To the refiner, power production is one of the

most attractive options, provided that a decent

power price can be obtained.

A parallel study analyzed several
bottom-of-the-

barrel upgrading solutions open to a typical

200,000 barrels per day refinery with an existing

vacuum unit and a visbreaker, processing Arab

heavy crude. The study assumes that this typi

cal refinery will evaluate the return on invest

ment when adding several possible process

units, for example:

Delayed coking

Atmospheric Residue Desulfurization

and Resid Cat Cracking (ARDS/RCC)

Visbreaking with vacuum flash and IGCC

Deasphalting with IGCC

High conversion visbreaking and vac

uum flash with IGCC

Assuming appropriate plant costs and market

prices, the combination of IGCC with refinery

conversion units, such as visbreaking with vac

uum flash, offers the highest return on invest

ment if power prices are above $0.04 per kilo

watt-hour. In the lower power price range of

$0.0350 to $0.0400 per kilowatt-hour, in loca

tions with a high demand for gasoline,

ARDS/RCC can present an equally or more at

tractive investment opportunity.

Conclusions

As a result of joint ABB and Texaco effort, the

recent improvements in the IGCC technology
have resulted in a significant decrease in capital

cost and consequently in a substantial im

provement in IGCC process economics.

In several markets in the world, particularly in

areas where there are fewer alternative energy

sources (e.g., India, certain areas in Europe,

etc.), IGCC can be a more economical solution

to produce power than its traditional alterna

tives, offering higher returns to new, special

purpose IGCC companies, as well as providing

traditional refineries with an economical outlet

for high-sulfur fuel oil blending components or

tars.

TECHNOLOGY

AIR PRODUCTS OUTLINES DIRECT

APPLICATIONS OF LPMEOH METHANOL

The Liquid Phase Methanol (LPMEOH) process
developed by Air Products and Chemicals Inc,
uses a slurry bubble column reactor to convert

synthesis gas (syngas) to methanol. Because of

its superior heat management, the process can

4-20

THE SYNTHETIC FUELS REPORT. JANUARY 2000



COAL

directly utilize the carbon monoxide-rich syngas

characteristic of the gasification of coal, petro

leum coke, residual oil, wastes or other hydro

carbon feedstocks. When added to an Inte

grated Gasification Combined-Cycle (IGCC)
powerplant for peak shaving, the LPMEOH

process converts a portion of the CO-rich syn

gas produced by the gasifier to methanol, and

the unconverted gas is used to fuel the gas tur

bine combined-cycle powerplant. A 260-short

ton per day LPMEOH Process Demonstration

Plant has been in operation at Eastman Chemi

cal Company's chemicals-from-coal complex in

Kingsport, Tennessee, since April 1997.

One of the advantages of the LPMEOH process

for coproduction of electric power and methanol-

from-coal-derived syngas is that the as-

produced, stabilized (degassed) methanol prod

uct is of unusually high quality (e.g., less than

1 weight percent water) which may be suitable

for direct-use premium fuel applications. How

ever, the suitability of the stabilized product as a

fuel must be demonstrated. B. Bhatt, of Air

Products and Chemicals Inc., et al. discussed

the suitability of the
"as-produced"

or stabilized

methanol as a replacement fuel and as a fuel

supplement at the
16th

Annual International

Pittsburgh Coal Conference held in Pittsburgh,

Pennsylvania, in October.

A limited quantity (up to 400,000 gallons) of the

stabilized methanol from the Kingsport demon

stration unit is being made available for
product-

use tests. Product-use tests are targeted for an

approximate 30-month period, and commenced

in 1997, the first year of demonstration opera

tions. An initial inventory of approximately

12,000 gallons of stabilized methanol was pro

duced at the LPMEOH Demonstration Unit to

supply the needs of the product-use test pro

gram. The status of the seven projects which

have been defined within the product-use test

program is reviewed below. Two categories of

potential applications of stabilized methanol are

under investigation, transportation systems and

power generation systems.

Transportation Systems

A total of five vehicles have been tested on fuel

blends made from stabilized methanol from the

LPMEOH Demonstration Project. These tests,

which have been performed at three different

locations, were designed to determine if there

are any differences in fuel economy, mainte

nance or exhaust emissions when compared to

performance with fuels made with chemical-

grade methanol.

Florida Institute of Technology Bus and

Light Vehicles - Three of the Flexible-Fuel

Vehicles (FFVs) are located at the Florida Insti

tute of Technology. A 1988 Chevrolet Corsica

FFV has been driven a total of 11,400 miles on

M85 (85 volume percent methanol and

15 volume percent gasoline) and M100 fuel

blends. Repairs have been of a routine nature

and independent of the type of methanol used

or the fuel blend. A total of 32 refuelings have

been performed under the sponsorship of the

product-use program, with an average fuel

economy of 10.88 miles per gallon (mpg).

When compared with the United States Envi

ronmental Protection Agency rated gasoline

mileage of 19.0 mpg, the methanol blends are

less efficient on an energy density basis

(methanol has a lower energy content per gallon

than gasoline).

The second vehicle is a 1993 Ford Taurus FFV.

Over the lifetime of the vehicle, a total of

51 ,305 miles have been accumulated on fuel

blends ranging from M85 to M15. Since the car

was acquired in July 1998, the car has operated

well. The fuel economy has ranged from

14.68 mpg on M85 to 19.81 mpg for M15. This

latter figure matches the measured fuel econ

omy with pure gasoline.

A bus which had been operated by the Jackson

ville, Florida, Transportation Authority was

driven a total of 937 miles during the project.

Due to the costs associated with hiring a driver

for this vehicle, no further tests beyond the ini

tial shakedown ofthe bus are planned.
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ARCADIS Geraghty and Miller FFV - A second

set of FFV trials was performed at ARCADIS

Geraghty and Miller in a 1996 Ford Taurus FFV.

During sponsorship by the product-use program,
the FFV was driven a total of 3,206 miles on an

M85 fuel blended from chemical-grade metha

nol and 3,479 miles were accumulated on M85

produced from stabilized methanol. The fuel

economy of about 16 mpg was the same for

both fuel blends.

The FFV exhibited higher emissions for total

hydrocarbons, carbon monoxide, carbon dioxide

and methane for the stabilized methanol fuel

blend; emissions of non-methane hydrocarbons

and nitrogen oxideswere higher for the M85 fuel

blended with chemical-grade methanol. Emis

sions of methanol and formaldehyde were

greater for the stabilized methanol blend, and

the readings for formaldehyde were above

California Standard for both fuel blends (there is

no standard for methanol emissions). It was

concluded that further engine tuning would bring
the formaldehyde emissions into compliance for

both fuel blends.

Overall, the FFV operated by ARCADIS Ger

aghty and Miller exhibited similar performance

characteristics for both fuel economy and emis

sions when the vehicle was operated on fuel

blends from either stabilized methanol or

chemical-grade methanol.

West Virginia University (WVU) Study of

Stabilized Methanol in Transit Bus - WVU

has developed a transportable laboratory facility
which specializes in the measurement of emis

sions from heavy-duty vehicles. Under this pro

gram, three vehicles operated on M100 by Tri-

Boro Coach in New York were tested. On aver

age, emissions of hydrocarbons (primarily un-

bumed methanol and aldehydes) and particulate

matter were increased slightly when stabilized

methanol is used as the fuel. Also of interest

are recent test results reported by the laboratory
for a new diesel engine; methanol fuels offer

substantial advantages in lower emissions of

nitrogen oxideswhen compared with diesel fuel.

PowerGeneration Systems

One of the primary applications for stabilized

methanol derived from syngas streams rich in

carbon monoxide is in the generation of electric

power. The more classical approach is to gen

erate electricity in a methanol-fired gas turbine

at the powerplant during periods of peak power

demand. In recent years, changes in the power

generation and transmission industry and tech

nological improvements in smaller turbine and

fuel cell systems have spawned the concept of

distributed power. A local power producing

system will be able to provide the electricity for

a small number of users (for example, the

heating and air conditioning needs of an office

complex or shopping center). Methanol, pro

duced at a centrally located coal-fired integrated

gasification combined-cycle plant, can be pro

duced at prices which are competitive in these

distributed power applications.

The product-use test program has been de

signed to study the uses of stabilized methanol

in both of these power generation systems.

West Virginia University Stationary Gas Tur

bine - This program was designed to compare

the emissions and operational aspects of gas

turbine operation on stabilized methanol com

pared with conventional liquid fuel. At WVU, a

research aircraft was built using a GTC-85-72

gas turbine as the power source. This unit,

which is rated at 235 horsepower in the form of

compressor bleed air, was used in this study.

Several of the turbine subsystems had to be

modified to accommodate the stabilized metha

nol fuel.

Early testing has shown that the present con

figuration of the gas turbine does not allow op

eration on methanol at startup. Conventional

fuel (in the form of Jet A) was used for initial

turbine firing, and a fuel emulsifierwas added to

assure a smooth transition from Jet A to stabi

lized methanol. Initial testing was also per

formed without any additives in order to deter

mine if the trace amounts of the inert oil from
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the LPMEOH process were sufficient to provide

the necessary lubrication for the fuel pump and

controller. It was determined that the oil levels

in the stabilized methanol did not adequately
lubricate these systems.

Emissions generated from Jet A and stabilized

methanol fuels were compared. The results

demonstrate the capability of stabilized metha

nol to meet the same expected performance

results as chemical-grade methanol for signifi

cantly reducing the levels of nitrogen oxides in

gas turbine exhausts.

Based upon these initial results, the program for

operation of the WVU gas turbine on stabilized

methanol has recently been extended. Lubrica

tion additives will be studied and additional

testing will be performed to determine the ef

fects of these changes on environmental per

formance ofthe gas turbine.

Aircraft Ground Support Equipment (AGSE) -

ARCADIS Geraghty and Miller has developed a

project to study the use of stabilized methanol

as a component of a water-emulsion fuel used

in AGSE generators. This project studies the

benefits of using stabilized methanol in an

emulsion ofwater and JP-8 jet fuel as feed to an

Air Force AGSE flight line generator. The first

phase of environmental results showed that

emissions of nitrogen oxides were lowered by
30 percent when the water-emulsion fuel was

used instead of JP-8 fuel; levels of carbon mon

oxide were 15 percent higher with the emulsion.

The extended operation of the emulsion in the

AGSE has been suspended, as the support from

the host site has ended.

Stationary Turbine for Volatile Organic Car

bon (VOC) Control - The initial purpose of this

project was to demonstrate the use of stabilized

methanol as fuel for a gas turbine which is op

erated to destroy VOCs from contaminated air,

the power output from the turbine can then be

used in distributed power generation. A possible

test site is the Allied Signal Industrial and Ma

rine Engine facility in Phoenix, where a

500-kilowatt ASE8-1000 turbine would be sup

plied with simulated contaminated air from a

paint booth. To date, adequate outside cost

share is not available to proceed with this test;

ARCADIS Geraghty and Miller is developing a

revised project to study the effects of stabilized

methanol in distributed power generation with

emphasis on lower emissions of nitrogen oxides.

University of Florida Fuel Cell - The project

at the University of Florida is designed to study

the feasibility of using stabilized methanol as

the source of hydrogen for a phosphoric acid

fuel cell.

The first phase of the project will study the im

pact of trace compounds in stabilized methanol

on the performance of reformer catalyst in a

separate test apparatus. Comparisons of the

reformation products, the extent of conversion,

and catalyst life between chemical-grade

methanol and stabilized methanol will be made.

If these tests are successful, the stabilized

methanol will be used as feedstock to the

25-kilowatt phosphoric acid fuel cell at the Fuel

Cell Laboratory at the University.

Conclusion

Successful demonstration of the LPMEOH tech

nology and the application of stabilized metha

nol to these transportation and power systems

will add significant flexibility and dispatch bene

fits to integrated gasification combined-cycle

electric powerplants, which traditionally have

been viewed as strictly a baseload power gen

eration technology. Now, central clean coal

technology processing plants, making

coproducts of electricity and methanol, can

meet the needs of local communities for dis

persed power and transportation fuel. The

LPMEOH process provides competitive metha

nol economics at small methanol plant sizes,

and a freight and cost advantage in local mar

kets vis-a-vis large offshore remote gas metha

nol. Methanol coproduction studies show that

methanol can be produced at economically

competitive levels from an abundant, noninfla-

tionary local fuel source, such as coal. The

coproduced methanol may be an economical
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hydrogen source for small fuel cells, as a trans

portation fuel, and an environmentally advan

taged fuel for dispersed electric power.

COAL-DERIVED JET FUELS MAY OFFER

HIGH-TEMPERATURE STABILITY

Coal-based liquids have a great potential as

precursors for advanced jet fuels that meet the

more stringent thermal stability requirements for

future high-Mach jet aircraft. In current com

mercial planes, the fuel may be exposed to

temperatures up to 300C. However, as the

flight speed is increased to high Mach numbers,

the fuel is expected to experience temperatures

as high as 480C. The jet fuels presently used

have been shown to form solid deposition that

can lead to catastrophic malfunction of the jet

aircraft. The current jet fuels are petroleum-

derived and consequently rich in linear alkanes,

which are highly susceptible to pyrolytic crack

ing resulting in coking. The thermal stability of

a jet fuel in the pyrolytic regime can be greatly
enhanced by utilizing liquids rich in cyclo-

alkanes. This is the case for hydrotreated coal-

derived liquids, where the aromatic structures

have been transformed over to their corre

sponding cyclo-alkanes.

An additional problem with jet fuels is the pres

ence of dissolved oxygen (from air), which re

acts with the fuel during the autoxidative regime
(150 to 250C) before the fuel and its oxygen

ated reaction products enter the pyrolytic regime

(400 to 500C). J. Andresen et al. of the Penn

sylvania State University compared the thermal

stability of a linear alkane (tetradecane), a cy-

clo-alkane (decahydronaphthalene) and a coal-

derived jet fuel as they go through the autoxida
tive regime into the pyrolytic regime, at the
16th

Annual International Pittsburgh Coal Con

ference held in Pittsburgh, Pennsylvania, in

October 1999.

Results and Discussion

The compounds evaluated were tetradecane

(TD), decahydronaphthalene (DHN, a mixture of

46 mole percent cis- and 54 mole percent trans-

decahydronaphthalene) and a coal-derived fuel

named JP8C.

The content of liquid remaining for TD, DHN

and jet fuel JP8C stressed under the influence

of air in the temperature range of 250 to 500C

is compared in Figure 1 . At low temperatures

(250 and 350C), the formation of gas and solid

products is small. However, as the temperature

is increased to 450C, and to 500C, the content

of liquid remaining is reduced. Especially the

linear alkane, TD, has a drastic lowering of the

liquid phase, reaching a level well below

80 percent. The coal-derived jet fuel JP8C

shows an improved thermal stability as about

90 percent ofthe liquid remains, while the cyclo-

alkane, DHN, shows the highest ability to resist

thermal cracking.

The reduction in the liquid produces gas and

solids. Already at 250C, the linear alkane

shows higher formation of solids than that of the

JP8C and DHN. The solid deposition is not sig

nificantly increased at 350C, but rises sharply
when stressed further to 500C. The cyclo-

alkane shows no solid deposition in the autoxi

dative zone, and does not form solids before

being stressed up to 500C, confirming previous
thermal stressing performance of DHN. The

coal-derived fuel also shows low solid deposition

in the autoxidative zone, but at higher tem

peratures there is a significant rise in the forma

tion of solids, that may be related to the chemi

cal composition of JP8C. Although the fuel is

dominated by cyclo-alkanes (around 50 per

cent), there is a relatively significant fraction of

10 percent alkanes, which may be oxidized in

the autoxidative zone and lead to increased

thermal deposition in the pyrolytic regime.

The vast difference in liquid yields between liq
uids rich in linear alkane and those mainly con

taining cyclo-alkane (including the JP8C), as

shown in Figure 1 , can be explained further by
studying the ability of the different hydrocarbons

to resist thermal cracking. Investigation of the

variation in the remaining concentration of TD

and DHN with temperature shows that in the

autoxidative zone, the reduction in the concen

tration of the two compounds is small. How-
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FIGURE 1
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ever, as the temperature reaches the pyrolytic

regime, a great difference in thermal stability of

the two compounds is shown. At 500C only

around 35 percent TD is remaining, while

85 percent ofthe DHN has not reacted.

These differences in thermal stability can be

related to the differences in the oxidation

chemistry in the autoxidative zone and the

thermal stability of the oxygenated compounds

from linear- and cyclo-alkanes which remain in

the liquid. At 250C a range of linear alkane

products is produced from TD. The compounds

present at 250C do not alter when stressed up

to 350C, but a drastic change in the product

distribution appears as the temperature is in

creased to 450C. At this temperature the con

centration of n-alkanes is greatly increased and

1-alkenes are produced as a result of thermal

cracking. Although some oxygenated com

pounds still remain in solution, the reactivity of

these species clearly adds to the thermal degra

dation ofthe linear alkane, TD.

The cyclo-alkane, DHN, also experiences oxi

dation in the autoxidative zone. The presence

of alcohols in the products from DHN indicates

that oxygenated cyclo-alkane compounds are

more stable than their linear equivalents. Also,

the low concentration of acids indicates that a

cyclo-alkane-rich liquid is less corrosive. As the

temperature is increased to 450C only small

changes in the product distribution occur, which

again confirm the higher stability of cyclo-

alkanes-derived compounds where oxygen is

captured. By further increasing the stress up to

500C, nonoxygenated single-ring compounds

such as 1 -methyl cyclohexene appear at lower

retention times, but still the oxygenated com

pounds are present. The development of the

hydrogen-donor tetrahydronaphthalene may

also further enhance the thermal stability of the

liquid.

At 250C, the coal-derived jet fuel JP8C is rich

in one- and two-ring cyclo-alkanes, but at longer

retention times a series of long-chain linear al-
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kanes in the range of C12 to C18 is present.

When stressed up to 500C, only small changes
in the cyclo-alkane distribution occur, while the

concentration of the linear alkanes has de

creased drastically.

Conclusions

Andresen et al. conclude that the changes in

product distribution for a linear alkane, TD, and
a cyclo-alkane, DHN are related to a cyclo-

alkane-rich coal-derived liquid, JP8C. The lin

ear TD showed less thermal stability than that of

JP8C and particularly to that of DHN. This was

associated with the formation of a range of oxy
genated compounds from TD such as acids,

aldehydes and ketones, which showed lower

thermal stability than those oxygenated com

pounds derived from DHN. For the coal-derived

liquid, its high content of cyclo-alkanes resulted
in a high content of liquid remaining. However,
a relatively high concentration (10 percent) of

linear alkanes in the range C12 to Ci8 and their

tendency to oxidize and crack in the pyrolytic

regime, resulted in higher solid deposition than

for DHN.

HyPr-RING, at the
16th

Annual International

Pittsburgh Coal Conference held in Pittsburgh,

Pennsylvania, in October. The basic concept of

this process is the integration of the water car

bon reaction, water-gas shift reaction by the ad

dition of a C02 absorption reaction in a single

reactor.

To determine if this integrated reaction will pro

ceed or not, a thermodynamic analysis was

completed. High pressure and temperature

conditions, such as 20 MPa and 1,000 K, are

required to promote the integrated reaction.

This required reaction condition is higher in

pressure but lower in temperature in comparison

with conventional gasification processes. The

state ofwater under these reaction conditions is

in the supercritical or subcritical region.

This new process has the following advantages:

H2 is the only product in the gas phase.

Exothermic and catalytic reactions may
occur fast below 1 ,173 K.

High H20 partial pressure may enhance

carbon conversion.

HyPr-RING PROCESS FOR HYDROGEN

FROM COAL REVEALED IN JAPAN

One effective method for fossil fuel utilization

and organic waste recycle is conversion to hy
drogen, a clean and useful energy source. It is

well known that the step-wise combination of the

reaction of carbon with water and the water-gas

shift reaction can be used to produce H2 from

organic materials.

Conventional processes require two reactors to

produce H2 because the two reactors proceed at

different reaction temperatures, i.e., > 1 ,273 K

and < 673 K, respectively. If these two reac

tions were integrated in a single reactor, the

process should be simplified.

S. Lin, of New Energy and Industrial Technology
Development Organization, et al. discussed a

new hydrogen production process, named

C02 can be fixed simultaneously.

In this study, this new reaction system was veri

fied experimentally with temperature and pres

sure ranges of 873 to 973 K and 10 to 100 MPa,
respectively. This new hydrogen production

process was named the HyPr-RING (Hydrogen

Production by Reaction Integrated Novel Gasifi

cation).

Results

Figure 1 shows the verification of principle of

the HyPr-RING process. The effects of the ad

dition of the C02 sorbent and the catalyst on gas
production for the Taiheiyo coal are shown. All

experiments shown in Figure 1 were carried out

at 923 K and 60 MPa. It can be seen that when

only the coal and water are put into the auto

clave, gas was produced at about 0.8 liters per

gram-coal. However, with C02 sorbent
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FIGURE 1
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(CafOH)^ addition, the product gas increased

up to 1.3 liters per gram-coal and the composi

tion in this case was about 76 percent H2,
24 percent CH4 and less than 1 percent C^He.

CC^ was 0.1 percent and only trace CO was

found in the product gas. When experiment

was done with adding both the C02 sorbent

(CafOH)^ and the catalyst (NaOH), the product

gas was increased to about 1.70 liters per gram-

coal, including 85 percent H2, 15 percent CH4
and less than 0.1 percent C02. In this final

case, carbon conversion exceeds 90 percent.

Moreover, sulfur compounds such as S02, H2S,
COS were not detected. The effects of reaction

conditions were also investigated. At the com

paratively lower temperature of 873 K, about

0.70 liters per gram-coal was produced including

mainly about 39 percent H2 and 61 percent CH4,

and CO and C02 were not found in product gas.

The conversion of carbon in coal was about

63.2 percent in this case. When the tempera

ture upped to 923 K, 1 .70 liters per gram-coal

was produced. In this case, the H2 was in

creased to about 77 percent in the product gas.

The carbon conversion was about 90 percent.

When the temperature is upped to higher tem

perature such as 973 K, product gas was in

creased to 2.1 liters per gram-coal and the H2
increased to about 89 percent. Nearly all car

bon contained in the coal was converted in this

case.

Other hydrocarbon materials including coals,

heavy oil, biomass and organic wastes were

also tested. The hydrocarbon materials tested

were also shown to produce hydrogen effi

ciently.

TRI-GENERATION CONCEPTWOULD

PRODUCE CHEMICALS AND POWER FROM

COz IN STACK GASES

Until recently the emissions of SOx, NOx, mer

cury and particulate matter have been the major

concerns in terms of environmental issues as

sociated with coal-fired powerplants, while C02
and water formed from coal combustion were

considered harmless. However, today, carbon

dioxide emissions from coal combustion in pow

erplants have also become an important issue

due to the heightened concerns for global envi

ronmental problems, especially the global

warming caused by accelerated accumulation of

C02 in the atmosphere.

C. Song of the Pennsylvania State University
discussed a tri-generation concept for making

liquid fuels and chemicals along with electricity

using C02 from flue gases to coal-based electric

powerplants at the
16th

Annual International

Pittsburgh Coal Conference held in Pittsburgh,

Pennsylvania, in October.

Overview ofTri-Generation Concept

In the proposed tri-generation concept, the C02
from flue gas in the powerplant along with

steam and the unused oxygen can be converted

with CH4 (natural gas) to form synthesis gas

(CO and H2 mixture) using the waste heat in the

powerplant. The H20 and 02 in the flue gas are

used as coreactants and need not be separated

from the flue gas. The hot synthesis gas can be
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used as feedstock for fuel cells for electricity
generation (such as molten carbonate fuel cell

and solid oxide fuel cell). The hot synthesis gas

can also be used in gas turbines to generate

electricity. The synthesis gas at moderate tem

perature can be converted into chemicals and

fuels. The fuels and chemicals that have rela

tively large markets may include (but are not

limited to):

Methanol and mixed alcohols for use in

oxygenated gasoline or as liquid fuels

Dimethyl ether and mixed ethers for use

in diesel fuel or compression-ignition-

engine fuels

Methanol, dimethyl carbonate, dimethyl

ether, acetic acid and related derivatives

for industrial chemicals

Hydrocarbon fuels via Fischer-Tropsch

synthesis

Such fuels may be used either for conventional

internal-combustion engines or in fuel cell-

driven vehicles. This concept could also be ap

plied, in principle, for natural gas-based
power-

plants and Integrated Gasification Combined-

Cycle (IGCC) plants.

The proposed tri-generation concept is consis

tent, in general, with the goals of the Vision 21

EnergyPlex concept being developed by the

United States Department of Energy. The goals

of Vision 21 EnergyPlex (plants) include greater

efficiency of power generation (>60 percent with

coal, >75 percent with natural gas), greater

overall thermal efficiency (85 to 90 percent),

near zero emissions of traditional pollutants,

reduction of greenhouse gas (40 to 50 percent

reduction in C02 emission), and coproduction of

fuels.

Some Challenges in C02 Utilization

A common challenge in C02 utilization is en

ergy-intensive C02 separation, which consumes

energy and thus decreases the net output of

electricity. The proposed process can signifi

cantly reduce the energy demand in C02 utiliza

tion because the flue gas does not need to go

through energy-intensive separation, and the

use of unreacted oxygen in the flue gas can

help to generate heat needed for the reaction.

The presence of nitrogen will occupy a certain

volume but should not affect the reaction proc

esses. The use of oxygen-enriched air will help
to improve the continuous operation without ex

cessive purge.

A major challenge is to produce synthesis gas

efficiently from C02 in flue gas and natural gas.

The synthesis gas production will use the flue

gas that would otherwise be released from the

stack to the atmosphere, without the prepara

tion of C02 because the unreacted 02 and

steam (H20) in the flue gas will be used as

coreactants with C02 and natural gas. The pro

posed concept is promising for more energy-

efficient production of synthesis gas from flue

gas and natural gas.

According to Song, the key to the C02 conver

sion process is to make the synthesis gas from

flue gas and natural gas using a combination of

waste heat from the powerplant and the heat

released from simultaneous exothermic reac

tions by incorporating in situ reactions with un

reacted oxygen in the flue gas, so that the de

mand for external heat input is minimized. This

is important, because external heat will likely be

generated from fossil fuel which involves C02
production elsewhere.

Conversion of C02 to Chemicals and Fuels

The effective use of C02 has some important

impacts. It contributes to more effective re

source utilization, more environmentally benign

synthesis of industrial chemicals and fuels, and

sustainable technology development.

In general, the existing and future industrial

uses of C02 may include the following applica

tions. First, the conversion of C02 into indus

trial chemicals such as synthesis gas, methanol,

urea and dimethyl carbonate. Second, the use

of C02 as a reaction medium. Third, the con

version of C02 into fuels. Fourth, the incorpo-
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ration of C02 as a coreactant in synthetic poly

mer materials. Fifth, the use of C02 as solvent

for extraction, particularly in supercritical fluid

extraction. Sixth, enhanced oil recovery using

C02.

For conversion of C02 from flue gas into liquid

fuels, an added challenge is the cost effective

ness. If the liquid fuels from synthesis gas de

rived from flue gas are to have major impacts

on the fuels market, they need to become more

cost-effective and economical because the cur

rent fuels market is dominated by petroleum-

based hydrocarbon fuels from refineries. In this

context, oxygen-containing fuels such as mixed

alcohols and mixed ethers may be attractive

fuels for the proposed concept, because of their

advantage as more environmentally friendly
fuels.

Development of new uses of C02 for environ

mentally benign synthesis of industrial chemi

cals is highly desired. For example, DiMethyl

Carbonate (DMC) is a unique molecule with a

versatile reactivity and is an important industrial

chemical. However, it is currently synthesized

using phosgene which is toxic. C02 can be

used for synthesis of DMC by its reaction with

methanol. The transesterification of DMC with

phenol can produce Methyl Phenyl Carbonate

(MPC) in high selectivity, and the liquid-phase

disproportionation ofMPC can produce diphenyl

carbonate, which is an essential starting mate

rial for the phosgene-free synthesis of polycar

bonate resin, an engineering plastic material.

Conclusion

Effective use of C02 generated from power-

plants is important. The proposed tri-generation

concept, though in its infancy, warrants further

study because it will contribute to the research

and development of sustainable technology. It

is consistent with the goals of the Vision 21 En

ergy Plant concept being developed by United

States Department of Energy.

AUTOMATION INCREASES RELIABILITY OF

TEXACO GASIFIER

Gasifier reliability has improved significantly

over the years as process and operations tech

nologies have evolved. New advanced process

automation software and computational science

techniques have created opportunities to further

improve gasification reliability. H. McKinley, of

Honeywell Inc., et al. described how advanced

software technology can reduce unplanned

shutdowns and extend run times based on

equipment reliability, at the 1999 Gasification

Technologies Conference held in San Fran

cisco, California, last October.

Gasification Process Overview

The Texaco Gasification Process (TGP) con

verts hydrocarbon fuels such as heavy oil, coal,

plastics, sludge, petroleum coke, Orimulsion

and wastes into clean synthesis gas.

The TGP is a partial oxidation process in which

carbonaceous feeds are combined with a care

fully controlled amount of oxygen to produce

primarily CO and H2. Any sulfur in the feed is

converted to hydrogen sulfide with a small

amount of carbonyl sulfide and any nitrogen in

the feed is converted to molecular nitrogen with

a small amount of NH3. In the case of oil feeds,

the ash is normally sequestered in the uncon

verted carbon or can be recovered from the cir

culating water. For high-ash content feeds,

such as coal, the gasifier is operated in the

slagging mode, producing an inert glass-like

solid. The gasifier effluent can be cooled indi

rectly in an unshifted gas steam generator to

produce steam, or by direct quench with water.

Any slag produced is separated from the syngas

and removed through a lockhopper.

A research program was started at a TGP li

censee facility to investigate how empirical

models may be applied to automated monitoring

of gasification equipment.

Test Plan and Implementation

Empirical models were to be developed to

monitor several types of equipment. The
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equipment failure modes that would be moni

tored by the models were chosen due to their

problematic and unpredictable nature.

Failure modes have been identified in two key
pieces of equipment. The unshifted gas steam

generator would be modeled to detect con

denser fouling, and the recycle CO compressor

would be modeled to detect valve failure or in

terstage cooler fouling.

The failure mode to be monitored determines

the tags used for modeling. As an example, the

unshifted gas steam generator tags used in the

analysis were:

Process Gas Inlet Temperature

Process Gas Outlet Temperature

Process Gas Flow

Process Gas Differential Pressure

Steam Flow

After identifying the relevant process tags, raw

historical data encompassing an entire run of

the gasifier (a period of 45 days) were retrieved.

After reviewing the raw data, training dates were

selected to train the empirical model over a

range of process conditions.

The two key software components utilized in the

study are Honeywell's InteliiScout and the Alert

Manager.

InteliiScout is a software application which em

pirically models the relationships between key
variables of a process. Relationships can be

determined which help to identify symptoms

such as sensor failure, performance changes, or

operating condition changes. Once the model is

developed, equipment performance is com

pared to expected performance based on model

results. If a symptom is detected, notification is

sent to the Alert Manager.

The Alert Manager is a decision support system

that engages personnel On the plant or remote)

and applications (on-line and/or off-line), into

the problem resolution process. Personnel and

applications both generate symptoms and re

solve them into faults. The expertise of all per

sonnel, including original equipment manufac

turers and other industry sources are used to

configure a list of symptoms for each chosen

asset and map those symptoms into a list of

faults. The user also assigns priorities, and de

fines who (or what) to notify (control alarm,

page, e-mail, work order, etc.). As a result, the

troubleshooting process is automated, and

seemingly disparate equipment tests are related

into a defined decision support environment.

Preliminary Results

During the course of a run, the model identifies

features in the process data in which the vari

ables behave differently than in the trained

model, it responds by going into alert status. A

look at the trend data during the alert conditions

should reveal the conditions that the model is

detecting.

An alert status on June 27 was caused by a trip
of the gasifier process. It was noted that the

model went into alert status about 3 hours prior

to the trip. This suggests that the operation was

behaving abnormally prior to the trip. More re

search will be conducted to determine if a model

could be trained to recognize the trip condition

and predict the trip prior to occurrence.

Alerts that occurred on July 17 and 18 were

caused by process values greater than the

training values. This is a case where the proc

ess was operating outside of the training range,

and shows how the model can recognize oper

ating conditions outside of normal conditions.

Adding this data to the training set will allow the

model to recognize that this area of operation is

valid and eliminate these alerts.

The analytical part of the program is just begin

ning. Approximately five more models will be

built. For each model, data will be collected,

processed through the InteliiScout program, and

the results reviewed to validate the models and

identify potential degradation in equipment per

formance.

Being able to predict failure is only one aspect

of improving life-cycle cost of an asset. The
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second key aspect is tracking the asset in order

to service it at optimal frequency. The compu

tational software approach is designed to opti

mize maintenance intervals.

Failure history may be recorded and analyzed

with Weibull ++ life data analysis software.

From the stored failure intervals, the failure dis

tribution of the individual subsystems can be

determined. This information can then be used

for determination of reliability-based mainte

nance intervals.

Overtime, say McKinley et al., this program can

lead to optimized equipment utilization, which

leads to improved return on capital.

KOREAN ENTRAINED-FLOW GASIFIER HAS

RUN FOR 1,000 HOURS

The Korean government initiated its clean coal

technology research and development program

in 1987. The program aimed to enhance the

energy efficiency and coal utilization technolo

gies as well as reduce the emissions and green

house gases. Korea's coal gasification research

program progress was reviewed by T. Park et al.
of the Korean Institute of Energy Research

(KIER) at the
13th

U.S.-Korea Joint Workshop
on Energy and the Environment held in Reno,

Nevada, last September.

The Korean government's goal is to construct a

high-efficiency commercial-scale 300-mega-

watt-electric Integrated Gasification Combined-

Cycle (IGCC) powerplant.

To reach this goal, KIER has developed a 1-ton

per day bench-scale, entrained-flow coal gasi

fier. Since July 1994, 1,054 hours of coal gasi

fication runs have been carried out at KIER with

coals imported from the United States, China,

Canada, Australia and Indonesia. The results of

the gasification experiments conduced dur

ing 1998 with the United States and Australian

coals at the KIER oxygen-slurry feed,
entrained-

coal gasifier are summarized below.

The objective of these experiments was to un

derstand the characteristics of coal gasification,

such as reaction temperature, 02/coal ratio, and

gas composition, slag fluidity and characteristics

depending upon coals.

During the gasification experiments, coal, in the

form of slurry, with concentrations of 58, 60, 62

and 65 percent, was fed into the reactor without

any feeding problems. Coal slurry was fed into

the reactor from top to bottom and it was atom

ized with oxygen at the main burner nozzle tips.

The product gases and slag were quenched in a

water vessel, and slag and unbumed carbon

were discharged into a slag hopper, located at

the bottom of the gasifier. Experimental condi

tions for this study are summarized in Table 1.

Reactor Temperature - The temperature distri

bution inside the reactor depends upon the feed

rate of coal and oxygen. Considering the ash

melting temperature and heat losses from the

reactor, desired 02/coal ratio was at least 0.6.

For Cyprus and Alaska coals, the reaction tem

perature in the coal gasifier increases as the

oxygen/coal ratio increases. It was found that

the oxygen/coal ratio affects carbon conversion

more significantly than the steam/fuel ratio.

Researchers determined that to obtain higher

carbon conversion and increase cold gas effi

ciency, an 02/coal ratio of between 0.8 and 0.9

is required for this gasifier.

Product Gases - Gasification reactions are

determined by the reaction conditions, primarily

temperature and the concentration of reactants.

The reaction temperature depends upon the

coal feed rate, heat required for the gasification

and the heat loss. Evaporation of moisture

content is the first step after the coal slurry is

fed into the gasifier. Then pyrolysis and com

bustion take place. The product gases from

gasification then combine in a highly en-

thothermic reaction with steam.

The formation of carbon monoxide and hydro

gen increases in the range of 1 ,350 to 1
,450C,

while the increase is relatively small in the

higher temperature ranges.
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TABLE 1

EXPERIMENTAL CONDITIONS FOR ENTRAINED FLOW GASIFIER

Parameters Gasification Conditions

Coal Slurry Concentration (wt.%)
Coal Slurry Viscosity (up at 20C)
Coal Slurry Feed Temperature (C)
Coal Feed Rate (Kg/hr)
Oxygen/Coal Ratio (wtVwt.)
Oxygen Feed Temperature (C)
Gasification Temperature (C)
Reactor Pressure (atm)

58, 60, 62, 65

450-1,520

70

25-50

0.6-1.2

100-200

1,300-1,550

0-5

As the 02/coal ratio is increased, the CO and H2

gradually increase, and C02 decreases.

Experimental results with Cyprus coal show that

heating values of syngas gradually increase at

the higher slurry concentrations as well as at

higher oxygen feed rates. The heating value

decreases at 58 percent slurry concentration for

Alaska coal. The carbon conversion decreases

when the water/coal ratio is increased. This is

due to the latent heat of evaporation of water

which absorbs a large amount of heat in the re

actor and lowers the reaction temperature as

well as heating value.

Table 2 shows the syngas output from the coal

gasifier with respect to the various slurry con

centrations for candidate coals. Higher concen

tration of coal-water slurry runs produced more

syngas and syngas with higher heating value.

However, gasification of 58 percent Alaska coal-

slurry shows higher heating value gases and this

is because the reactor was insulated during
these experiments, in order to maintain an ap

propriate 02/coal ratio and higher reaction tem

perature.

Slag - The slagging phenomenon in the gasifier

is one of the most important considerations for

gasifier design and operation. Mineral matter in

the ash mainly consists of Al203, Si02l K2Ot

MgO, CaO, Fe203, etc., and the fusion tem

peratures of ash were mainly influenced by the

aluminum-silicate complex. In order to predict

the slag characteristics, many slag indices have

been developed by analyzing mineral matter

parameters in coal ash such as base/acid ratio,

silica ratio, ash fusion temperatures, and T^.

The low ash fluid temperature and the high cal

cium oxide content of the ash suggested that

fluxing was not required. This was confirmed by
liquid temperature predictions based on a phase

diagram for the major components, silica, alu

mina, iron oxide and calcium oxide.

In order to efficiently operate the slurry feed en

trained-flow gasifier, coal slurry should either be

maintained at higher concentration, or be kept

at lower viscosity. The concentration of coal-

slurry for Cyprus coal could be maintained at

58, 60, 62 and 65 percent, without any feeding
problems. However, the Alaska coal was un

able to maintain slurry concentration over

60 percent due to its high viscosity.

During the experiments using Alaska coal, seri

ous slag plugging problems were encountered at

the bottom of the reactor. It was analyzed that

external insulation somewhat contributed to en

hanced operating conditions at the gasifier,
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TABLE 2

SYNGAS OUTPUTWITH RESPECT TO THE VARIABLE

SLURRY CONCENTRATION FOR CYPRUS ALASKA COAL

Svnaas Composition (vol.%)

Cvorus Coal Alaska Coal

Coal Slum/ Cone, (wt.%): 58% 62% 65% 58%

H2 20-26 18-27 18-28 21-41

CH4 1.52-1.98 0.7-1.38 0.99 - 2.47 0.02-1.21

CO 20-29 29-32 23-35 29-39

co2 43-57 43-58 37-58 33-42

H2 + CO 40-55 43-58 45-62 57-65

HHV (Kcal/Nm) 1,400-1,850 1,400-1,900 1,525-2,044 1,747-2,022

however, it was unable to prevent heat losses

from reactor effluent gases, which caused a

temperature drop at the bottom of the gasifier

on the slag tap hole.

In order to enhance the performance and to

keep reliable operation for the gasifier, it was

concluded that the reactor should be modified

properly to prevent heat losses and slagging

problems.

COAL/TIRE COLIQUEFACTION YIELDS

SYNERGY IN SOUTH KOREA TESTS

Coal liquefaction is not in use because of its

high price compared to oil. One of the main

reasons that the coal liquid is expensive is the

consumption of hydrogen. According to the

free-radical theory, the coal matrix is thermally
cleaved at the first stage of liquefaction and

free-radicals are formed. Then, the radicals are

stabilized by hydrogen from donor compounds.

Waste tire material containing high hydrogen

(H/C equal to 1.2) easily donates hydrogen dur

ing thermal cracking and can be used for coal

liquefaction.

C. Han, of the Kwangwoon University, Seoul,

Korea, et al. reported the results of this investi

gation at the 13 U.S.-Korea JointWorkshop on

Energy and Environment held in Reno, Nevada,
last September.

By changing the compositions of a coal/tire

mixture and the amounts of tetralin used (0 to

8 milliliters), coliquefaction testswere conducted

at various temperatures (370 to 450C).

According to results at 370C (Figure 1), the

conversion increased (10 to 20 percent) when

the portion of tire in mixtures was less than

50 percent. However, the conversion did not

change significantly with increase of tetralin

when the tire content was 66.66 percent. The

same conversion of 56 percent could be ob

tained when the tire content was 66.66 percent

without tetralin and when the tire content was

50 percent with 5 milliliters of tetralin. This indi

cated the function of tire liquids as a hydrogen

donor solvent. Furthermore, higher conversion

of 13 percent could be achieved when the tire
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FIGURE 1

EFFECTSOFTIRE CONTENTS ON COLIQUEFACTION
AT37O0

(ReactionTime: 30Minutes)

100

80

~

60

o

40

20

-Tetralin 0ml

mm

-2 ml

-4 ml

\
"omi

I 1 1 .

33.33 50

Tire (%)

66.66 100

SOURCE: HANETAL

content was 66.66 percent without tetralin. This

showed the synergistic effect of coliquefactions.

Test results at 410C showed that synergistic

effects of 7 to 13 percent appeared only when

an insufficient amount of tetralin

(<2 millimeters) was added. Therefore, tire was

believed to donate hydrogen when the amount

of tetralin was not enough. When sufficient

amount of tetralin was added, it functioned as a

hydrogen donor solvent.

At 450C, high synergistic effects (12 to

16 percent) could be achieved when 2 or

4 milliliters of tetralin was added. An especially

high yield of 80 percent could be obtained when

8 milliliters of tetralin was added. Increasing
tetralin was believed to prevent coking of coal.

Therefore, hydrogen from both tetralin and tire

could be used to liquefy coal at 450C.

During coliquefaction the addition of tetralin en

hanced conversions by 4 to 13 percent. How

ever, the amount of tetralin had little effect on

conversions when the amount of tetralin was

more than 2 milliliters. Furthermore, the func

tion of tetralin was improved as the portion of

tire in mixtures decreased. At 410C,
4 milliliters of tetralin appeared as the optimum

amount.

Results at 450C showed that conversions in

creased with the amount of tetralin especially

when the portion of tire in mixtures decreased.

Coliquefaction Mechanism

According to the free radical theory, free radi

cals formed from coal are stabilized by hydro

gen. Therefore, tetralin as a hydrogen donor

solvent is converted to naphthalene. Gas

chromatography analysis showed that the liq
uefaction of tire was independent of tetralin be

cause tetralin was not converted to naphthalene

under this condition. This is the important factor
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in investigating the coliquefaction mechanism,

say Han et al.

The amount of tetralin needed to convert a unit

mass of coal into oil increased with temperature.

Furthermore, average molecular weights of pro

duced oil decreased at high temperatures

(370C, molecular weight 438-463;

410C:330-347; 450C:125-184). This implies

more hydrogen from tetralin is needed to lower

the molecularweight of oil at high temperature.

The heating value of oil formed from coal/tire

mixture was found to be much higher than that

from coal or tire only.

INTERNATIONAL

WORLDWIDE GASIFICATION CAPACITY

GROWING SHARPLY

Typically gasification is only associated with

coal-based Integrated Gasification Combined-

Cycle (IGCC) for electric power generation.

Because many view IGCC as an advanced

technology that is not commercial and not com

petitive with traditional coal-fired central power-

plants, the "real
world"

commercial experience

and success of gasification is underestimated.

However, gasification is commercially used

without subsidies for manufacture of syngas (H2
and CO) for chemicals and fuels. Furthermore,
the new growth area for gasification is industrial

polygeneration (syngas plus cogeneration steam

and power) with "opportunity
fuels"

such as re

sidual oil and petroleum coke.

D. Simbeck of SFA Pacific Inc. discussed the

increasing use of gasification technologies on a

worldwide basis at the
16th

Annual International

Pittsburgh Coal Conference held in Pittsburgh,

Pennsylvania, last October.

According to Simbeck, there are

116 gasification projects with a total of

385 gasifiers rated at about 40,000 megawatts-

thermal (MWth) syngas or 20,000 megawatts-

electric IGCC equivalent that are operating or

under construction. In addition, there are

22 gasification projects with a total of

34 gasifiers rated at about 12,000 MW* syngas

or 6,000 megawatts-electric equivalent in active

planned projects. The cumulative worldwide

gasification capacity is summarized in Figure 1.

The major gasification projects without subsidies

are listed in Table 1 .

The facts clearly show that gasification is alive

and well, says Simbeck:

Average annual new capacity additions

of 2,000 to 4,000 MWth syngas

Mostly residual oil gasification for indus

trial polygeneration applications (syngas

chemicals plus cogeneration steam and

power)

Large growth in power generation appli

cations

The dominant technology type is entrained-flow

slagging (see Figure 2) due to:

Simple high-pressure operation with few

feedstock limitations

Cheaper quench designsfavored in

cogeneration and polygeneration

Clean with just pure H2 and CO syngas

plus byproduct slag and sulfur

Commercially well proven with natural

gas, oil, pitch, coal and petroleum coke

Coal is the most common primary feedstock for

gasification projects, as shown in Figure 3.

The Future ofGasification

Simbeck believes that current gasification is the

bridge to future power generation. Natural gas

prices must increase to over $4 per million BTU

before any coal-based technology (pulverized
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FIGURE 1
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TABLE 1

GASIFICATION PROJECTS WITHOUT SUBSIDIES

MW, Svnaas

Chemicals From Coal or Pet Coke

Eastman Chemicals - Tennessee, USA 190

Ube Ammonia - Japan 295

Farmland - Kansas, USA 295

Refinery Polygeneration From Pitch or Coke

Shell - The Netherlands 640

Motiva - Delaware, USA 560

Exxon - Texas, USA, and Singapore 800

Nippon Oil - Japan 620

Total - France 900

Repsol - Spain 1,650
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SOURCE: SIMBECK

FIGURE 2

GASIFICATION BYTECHNOLOGY
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coal, fluidized-bed combustion or IGCC) is

competitive with natural gas combined-cycle for

new central powerplants. Pitch, petroleum coke

and coal-based polygeneration is the IGCC

bridge. The technical drivers and trends that

help gasification include:

Proven reliable and economical opera

tions for syngas and polygeneration uses

Simpler, cheaper and more efficient de

signs for polygeneration

Improved gas turbinesefficiency and

high power-to-cogeneration heat ratio

Gasification is one of the clear winners if global

climate change ever moves from a political to a
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real issue, thereby forcing serious C02 reduc

tions.

Simbeck concludes that gasification gives

maximum flexibility for an uncertain future.

HTI TESTS THREE CHINESE COALS FOR

SHENHUA LIQUEFACTION PROJECT

Shenhua coal field is one of the seven largest

coal fields in the world and the largest develop
ing coal field in China. The Shenhua coal re

serves feature shallow deposit, simple structure
and stable distribution. Hydrocarbon Technolo

gies Inc. (HTI) and China Shenhua Clean Coal

Technology Development Company (Shenhua)
and China Coal Research Institute (CCRI) have

partnered to evaluate Chinese Shenhua coal as

a feedstock for direct liquefaction. The results

of this study were summarized by P. Zhou et al.
of HTI at the

16th

Annual International Pittsburgh

Coal Conference held in Pittsburgh, Pennsylva

nia, in October.

HTI tested three coal samples in this feasibility
study: Xianfeng coal of Yunnan Province,
Ningtiaota coal of Shenhua coal field and Yilan

coal of Heilongjiang Province.

Shenhua coal direct liquefaction tests were con

ducted on HTI's bench-scale Continuous Flow

Unit (CFU, 30 to 50 kilograms per day). The

HTI Coal technology features a two-stage slurry-

bed reactor system with low/high temperature

cascading, an in-line fixed-bed hydrotreater,
three-stage pressure letdown and product frac

tionation, solids/liquid separation, and resid re

cycle to extinction operation mode. HTI's pro

prietary dispersed iron-based GelCat catalyst

was used for coal and resid conversion at a

loading of less than 0.5 weight percent of iron

(based on moisture and ash free [maf] coal).

Operating conditions are: system pressure

17 MPa, reaction temperature range 426 to

454C, and solvent/coal ratio less than 1 .5.

Coal seam numbers 2 and 3 from Ningtiaota

coal mine showed fairly high coal conversions

(up to 93 weight percent) and high oil yields (63

to 68 weight percent), with C, to C3 gas yields in

the range of 11.5 to 12.6 weight percent, all

based on maf coal despite their low volatile

matter and high inert macerals contents. Hy
drogen consumption ranged from 7.25 to

8.80 weight percent on maf coal. A second

CFU test on Shangwan coal showed similar

performance to Ningtiaota coals.

Product Quality

Representative distillate products from the three

coals were collected and crude assay on the

three liquid product samples was completed.

The major distillate product, obtained after in

line hydrotreating, has an end point lower than

400C and is water-white in color.

The light naphtha fraction is highly saturated,

containing 15 weight percent hydrogen and con

sisting of two paraffins and two cycloparaffins.

With a Research Octane Number (RON) of 76

to 77, it is essentially the same as petroleum-

derived light naphthas, but it is extremely clean,

essentially free of sulfur and nitrogen. It is,

therefore, an excellent gasoline component

ready for direct blending, as well as a perfect

feedstock for Cs/C6 isomerization, say Zhou et

al.

The medium- and heavy-naphthas derived from

the three coals are fairly rich in hydrogen, and

are ultraclean gasoline components with sulfur

content even lower than 30 parts per million, a

new standard that the United States Environ

mental Protection Agency proposed to be

phased in during 2004-2006. The coal-derived

naphthas with end points lower than 204C

contain much less aromatics (3 to 15 percent)

and olefins (0.3 to 1.4 percent) than projected

requirements of 22 and 4 percent, respectively.

NT#2 and NT#3 kerosene and diesel cuts,

though blended with some unhydrotreated dis

tillates, still contain little sulfur, significantly

lower than current diesel fuel specification of

0.05 weight percent.
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A typical diesel fuel cut (220 to 350C) derived
from Shangwan coal has a low level of aromat

ics, only around 10 weight percent. Coal-

derived diesel fuels have been known to be low

cetane fuels; however, this Shangwan coal-

derived diesel fuel has a cetane index of 38,
and the NT#3 diesel fuel cut has a cetane index

of 37. A minimum cetane index of 40 can be

achieved without difficulty by addition of a small
amount of cetane-number improver. In addi

tion, further improvement in cetane level is pos

sible by adjustment of operational parameters,

flow scheme configurations and product frac

tionation.

One outstanding feature of coal-derived light

distillates is their extremely low freezing points,

e.g., -64C for Shangwan diesel fuel, which

make them perfect fuels in low-temperature

zones.

The 350C+ cut obtained from Shangwan coal

liquefaction has an API gravity of 26.8, a fairly
high hydrogen content of 13.7 weight percent

and an elevated wax content of 69 weight per

cent. Surprisingly low in sulfur (0.03 weight per

cent) and in nitrogen (only 60 parts per million

by weight) for such a heavy fraction, it is an ex

traordinarily clean No. 4-D diesel/fuel oil. It can

be predicted to have an excellent performance

for catalytic cracking because it has a high ani

line point and is essentially free of basic nitro

gen.

GASIFICATION AND MIDREX DIRECT

REDUCTION OF IRON ORE SAID FEASIBLE

OUTSIDE U.S.

The production of Direct Reduced Iron (DRI), a

basic raw material for making steel, is concen

trated in a few countries in the Middle East and

Latin America. One primary reason is that natu

ral gas, the main fuel source for most DRI proc

esses, is too costly in many of the steel-making

regions of the world. However, coupling a coal

or petroleum refining byproducts gasification

unit with a DRI plant may be economically at

tractive. R. Cheeley of Midrex Direct Reduction

Corporation reviewed the possibilities of com

bining a gasification unit with the MIDREX Di

rect Reduction Process (MIDREX DR) at the

1999 Gasification Technologies Conference

held in San Francisco, California, last October.

Iron ore consists primarily of iron oxide (Fe203),

a combination of iron and oxygen. To produce

DRI, the oxygen in the iron oxide is chemically

removed by reacting with carbon monoxide

and/or hydrogen at high temperatures, about

900C formost technologies.

The MIDREX DR is the dominant technology for

making DRI. Currently, there are 47
MIDREX

Modules operating in 16 countries. Of the 47

operating MIDREX DR Modules, all but one use

a MIDREX Reformer to convert natural gas into

CO and H2. The one exception started up

in 1999 and is the world's first (and only) DRI

plant to utilize a gasification unit to generate the

required reducing gases. This plant was built by
Saldanha Steel in South Africa, and uses the

COREX Process to generate a synthesis gas.

Another COREX/MIDREX combination is under

construction in South Korea.

A simple schematic of the MIDREX Process is

shown in Figure 1 .

Figure 2 describes the current concept for util

izing a gasifier in conjunction with the MIDREX

Process. The overall concept is broken into two

key systems:

The gasification plant

The MIDREX plant

Within the gasification plant are the gasification

unit, the synthesis gas cleaning and conditioning

operations, and the air separation plant. Within

the MIDREX plant are the MIDREX shaft fur

nace system, the recycle gas C02 removal

system, and the reducing gas heating system.

The basic objective of the gasification plant is to

generate desirable reducing gases for the

MIDREX plant. The key parameter for being
desirable is the gas quality (or reductants to oxi

dants ratio). The MIDREX Process requires a

gas quality of at least 10 in order to efficiently
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FIGURE 1

MIDREXDIRECTREDUCTION FLOWSHEET
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produce DRI. Other important parameters in

clude the H2/CO ratio, the amount of inerts (N2,

etc.), the amount of soot/particulates and the

gas pressure.

The MIDREX Process is flexible in terms of all

of these parameters (see Table 1). This is one

of the major differences between generating

synthesis gas for a DRI plant versus a power-

plant or chemical plant, notes Cheeley.

Current operating plants have been designed for

H2/CO ratios ranging from 0.5 to 4.0. Because

most gasification processes generate a synthe

sis gas with an H2/CO ratio of 0.5 to 1.0, the

MIDREX Process has the added benefit of not

requiring a shift reactor to modify the synthesis

gas composition to make it useable.

Economics

Historically, gasifier/DRI plant combinations

have not been built because they have been

uneconomical relative to alternative methods of

producing iron. This is primarily due to the sig

nificant capital costs associated with building
both a gasification unit and most of a standard

DRI plant. For example, in the United States

the operating cost for a MIDREX plant using

coal as the fuel source is estimated at $130 per

ton, which is high relative to currently operating

natural gas-based DRI plants, coal-based
iron-

making plants and high-quality scrap steel.

A good target total cost is US$120 per ton or

less. Thus, cost savings must be found for a

gasification-based DRI plant to be viable in the

United States.
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FIGURE 2

GASIFIER/MIDREXFLOWSHEET
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However, in other parts of the world, the gasifi-

cation/MIDREX plant combination can be more

cost competitive. This is due to a variety of

reasons, including:

Lower cost iron ore and coal

Use of low-cost petroleum refining by
products

Lower cost construction labor

A shortage of existing local steel-making

capacity

Environmental pressures to close exist

ing coal-based iron-making plants

Some or all of the above competitive benefits

for the gasifier/DRI plant combination are found

in the major steel-making regions of China, In

dia, South Korea, Brazil, South Africa and

Western Europe.

Integrated Mini-Mill Complex

The gasifier/MIDREX plant combination is ide

ally used to provide DRI for an integrated mini-

mill complex. The integrated mini-mill complex

consists of a gasification plant, a MIDREX plant,

an Integrated Gasification Combined-Cycle

(IGCC) powerplant and a steel mini-mill.

The on-site IGCC would be sized to generate all

of the electricity required for the air separation

plant, MIDREX plant and the mini-mill. The
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TABLE 1

OTHER SYNTHESIS GAS CHARACTERISTICS

Desired Acceptable

Temperature >1,650F Ambient -2,700F

Pressure 45 - 60 psig up to 300 psig

H2/CO Ratio 0.5 -oo 0-oo

Quality*
>11 >2

Nitrogen <1% <6%

Methane 3 - 4% 0-5%

Sulfur**

<100 ppm <0.3%

Soot <100
mg/Nm3

<1,000
mg/Nm3

*Midrex defines quality as the ratio of reductants to oxidants

(% CO + % Hz) / (% COz + % H20)

**The sulfur values are economic limitations for the steel mill. The

sulfur has a negligible effect on the MIDREX plant operation.

IGCC would take advantage of the low-cost

gasifier fuel to produce electricity at a competi

tive price. The low-cost electricity is important

in the key steel-making areas of Western

Europe, India, Brazil and EastAsia.

A new world-scale integrated mini-mill complex

has a capacity of 2.4 million tons per year of

semifinished steel. This same complex requires

about 2.7 million tons per year of DRI. The es

timated total power requirement for the entire

complex is 360 megawatts. This includes the

electricity for the gasification plant (including the

air separation plant), the MIDREX plant and the

steel mill.

In addition to generating enough synthesis gas

to produce 360 megawatts of power, the gasifi

cation unit will also need to produce approxi

mately 9 million standard cubic feet per hour

(2,700 million BTU per hour) of synthesis gas

for the DRI plant. The annualized value for the

DRI plant is 71 billion standard cubic feet per

year (22 million BTU per year).

Saldanha Steel Gasification/DRI Plant

In May 1999 the world's first gasification/DRI

combination was started up by Saldanha Steel,

near Cape Town, South Africa. The particular

gasification technology used is called the

COREX Process. In the COREX Process, a

melter-gasifier simultaneously gasifies coal and

melts DRI to make liquid iron. The COREX

Process was chosen because natural gas is not

economically available in the Cape Town region

for making DRI.

The COREX Process consists of two key unit

operations. In the reduction shaft section, iron

ore is reduced to DRI by the off-gases from the

melter/gasifier. The DRI then drops by gravity

into the melter/gasifier. Inside the

melter/gasifier, oxygen and coal are added to

create a gasification reaction that generates a

synthesis gas and heat. The heat melts the DRI

to make liquid iron and the synthesis gas travels

upward into the reduction shaft. The spent

gases exiting the reduction shaft (called the top
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gas) are cleaned and cooled in a direct contact

water scrubber and then sent to the MIDREX

plant. The cleaned and cooled spent synthesis

gas is called the COREX Export Gas.

The COREX Export Gas has a low H2/CO ratio

and a low gas quality. A common pressure

swing adsorption C02 removal system is utilized

to improve the quality of both the recycled proc

ess gas from the MIDREX shaft furnace and the

synthesis gas from the COREX plant.

Conclusions

Utilizing a gasifier to generate reducing gases

can be a technically and commercially viable

method for innovative steelmakers to produce

DRI in areas where low-cost natural gas is not

available. Even better economics can be de

rived when the project is for an entire integrated

mini-mill complex, including a steel mill and an

IGCC-based powerplant.

The gasifier/MIDREX concept (especially the

integrated mini-mill complex) is best suited for

the East Asian countries, where DRI is needed,

but natural gas and power costs are high. Other

areas with good potential include Western

Europe, India, Brazil, South Africa and the

Ukraine. Unless a low-cost fuel source can be

used to generate synthesis gas at a lower price

than from natural gas, a gasifier/MIDREX proj

ect in the United States is unlikely, says

Cheeley.

400-MW HIGH-TEMPERATUREWINKLER

GASIFIER PLANNED FOR CZECH REPUBLIC

The former town-gas plant Vresova, Czech Re

public, was converted to 400-megawatt-electric

combined-cycle power generation in 1996.

Clean fuel gas is produced from local lignite.

Gas purification (Rectisol) and other plants have

been refurbished in recent years and new

oneslike the sour gas processing
plantwere

installed. The gasification plant with its

26 reactors, although working reliably, remains

the weak link in the process chain because of its

inefficiency and its undesired byproducts.

For this reason, Sokolovska uhelna (SU) (Czech

Republic) looked into several alternatives, in

cluding entrained-flow gasification. High-

Temperature Winkler (HTW)
gasification

especially developed for lignite proved to be

the most attractive solution with regard to tech

nical and economic aspects.

Z. Bucko, of SU, et al. described the present

situation and provided technical and economic

information on the Vresova Integrated Gasifica

tion Combined-Cycle (IGCC) powerplant with

HTW gasification at the 1999 Gasification

Technologies Conference held in San Fran

cisco, California, last October.

The HTW Coal Gasification Process

In the mid-1970s, Rheinbraun embarked on the

development of the HTW coal gasification proc

ess. Development workwas first focused on the

production of chemical synthesis gases from

lignite. In the mid-1980s the requirement of

utilizing the process in IGCC plants for efficient

and favorably priced electricity production con

stituted another important target as well. For

more than 20 years, Rheinbraun has intensively
dealt with this task and developed, for both ap

plications, an economically effective and envi

ronmentally friendly gasification process, lead

ing it to industrial-scale maturity. The develop
ment costs were subsidized by the European

Union.

After having completed the investigations in a

pilot plant, Rheinbraun started operating the

HTW demonstration plant in Berrenrath near

Cologne early in 1986 in order to demonstrate

the industrial-scale maturity ofthe process.

Figure 1 shows the flow sheet of the plant in

which, at a pressure of 10 bar per 150 psig,

25 tons per hour of dried lignite served to pro

duce an hourly volume of 34,000 cubic meters

of synthesis gas, with oxygen and steam being
added as gasification agents. This corresponds

to a thermal capacity of 140 megawatts. The

THE SYNTHETIC FUELS REPORT. JANUARY 2000

4-43



COAL

FIGURE 1

FLOWSHEETOFTHE HTWDEMONSTRATION PLANT
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diameter of the fluidized-bed gasifier measures

2.75 meters.

The excellent performance of the HTW process

is underlined by an average availability level of

84 percent in the last 10 operating years. The

availability of the German lignite-fired power-

plant units of the 600-megawatt class is on a

comparable level. This result was achieved

without the otherwise usual redundancies of a

production powerplant and despite an accompa

nying intensive research and development pro

gram.

With regard to feedstock, extensive experience

has been gained with a wide range of coal

qualities. In addition to the gasification of

Rhenish lignite with varying moisture and ash

contents of up to 25 percent, the HTW process

also successfully tested Spanish and American

hard coal and Australian and Czech lignite as

feedstock. Furthermore, good experience has

been gathered with the gasification of waste,

such as plastics, biomass, household refuse and

sewage sludge.

The HTW Project at the Vresova Plant

The overall HTW project at Vresova comprises

the HTW gasification plant, off-sites, and auxil

iary and other units such as coal preparation, air

separation unit, power generation from steam

produced in raw gas cooling, etc. At present,

crude gas is produced from lignite gasification in

26 fixed-bed gasifiers of Czech design. The

purpose of the HTW project is to replace those

reactors with HTW gasification.

One single HTW gasifier operated on oxy
gen/steam as gasification agent could produce

enough gas to fuel the 400-megawatt

gas/steam turbine powerplant of SU. For turn

down reasons SU requires an operating range

of 30100 percent of fuel gas productiontwo

gasification trains of 50 percent capacity each

will be provided.
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Gasifier key data are as follows:

Capacity: 82 tons of lignite per hour

Pressure: 27.5 bar

Gas outlet temperature: 920C per

The above capacity does not suffice for

400 megawatts of electric power generation.

The limiting factor, however, is the existing gas
purification plant, which can handle only
240,000 cubic meters per hour. This amounts

to about 70 percent of the fuel gas demand of

the powerplant. The difference is made up by
natural gas.

The total investment cost (without financing
cost) for the HTW plant amounts to approxi

mately 100 million EURO or US$90 million.

The decision to build will be taken in 2000 at the

earliest after having completed the basic and

environmental engineering, and financing is se

cured. Thus startup is scheduled for 2003.

Sokolovska uhelna, along with several compa

nies and three technical universities filed a pro

posal in June 1999 for support from the Euro

pean Fifth Framework Program under the acro

nym VreCoPower. It is expected that support

will be granted for this innovative project.

ENVIRONMENT

KFX'S K-FUEL CITED FOR ADDITIONAL

ENVIRONMENTAL BENEFITS

Resource Data International (RDI), the Boulder,
Colorado-based energy consulting and infor

mation firm, singled out KFx's K-Fuel in a new

report on mercury emissions from coal-burning
utilities.

RDI reports there are currently no mercury re

moval technologies operating commercially on

coal-fired powerplants in the United States, but

identifies activated carbon injection and carbon

bed technologies as likely, but high-cost reme

dies. Other mercury reduction techniques, de

pending on the regulatory framework, include

coal switching and the use of low- or zero-

mercury fuels, such as K-Fuel, a beneficiated

Powder River Basin coal product.

"Processed K-Fuel offers utilities many envi

ronmental
benefits,"

says KFx. "While being a

high-BTU, premium product, K-Fuel also has

the lowest S02, NOx, mercury and chlorine

content of any solid fuel now
available,"

they
said. "K-Fuel has commercially demonstrated

its economic and environmental benefits and is

prepared to meet the stricter environmental

regulations now being
implemented."

First-half-1999 preliminary data collected by the
United States Environmental Protection Agency
(EPA) confirms that Western coal is generally
lower in mercury content than Eastern coal, al

though Eastern coal variations are much wider.

The data also reveal that the mercury content of

waste coal burned by independent power proj
ects is significantly higher than that found in

regular coal, according to the new report re

leased by RDI.

RDI's Project Mercury report benchmarks the

mercury content of coal by state and county of

origin, as well as by plant. In cases where data

could be isolated, the report also benchmarks

mercury content by mine. The EPA is not ex

pected to release its own analysis of the data

until spring 2000. Thus the RDI report provides

the first glimpse into which plants and mines

could be more vulnerable to mercury control

regulation than others. The EPA submitted a

report to Congress in February 1998 that found

mercury emissions from coal-fired powerplants

to be the utility hazardous air pollutant of great

est concern.

The EPA will refine its estimates of powerplant

mercury emissions, which will likely be released
to the public during late spring or early sum

mer 2000. The EPA has until the end of 2000 to

decide whether it will pursue mercury emission

control regulations.
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STATUS OF COAL PROJECTS

COMMERCIAL ANDR&D PROJECTS (Underline denotes changes since January 1999)

ADVANCEDAIR-BLOWNGASIFICATION SYSTEM - BritishCoal Corporation, United KingdomDepartment ofTrade and Industry, European

Commission, PowerGen, GEC Alsthom,Mitsui BabcockEnergy, pic (C-15)

A consortium known as the Clean Coal Power Generation Group (CCPGG), led by GEC Alstfaom, is developing an advanced coal-fired power

generation systemknown as theAir-Blown Gasification Cycle (ABGC).

The ABGC is a hybrid combined cycle power generation scheme. The process uses a pressurized air and steam blown spouted fluidized bed

gasifier and a circulating fluidized bed combustor (CFBC) to provide, respectively, fuel-gas for a gas turbine and steam for a steam turbine. The

gasifier converts part ofthe fuel to a low calorific vahie fuel gas, while residual char is burnt as a single fuel, or in combinationwith another, in

the CFBC to raise steam for a steam turbine. All components ofthe plant are optimized to give ahigh overall efficiency.

Particular features ofthe ABGC as a CleanCoal Technology are:

Simplicity (no Air SeparationUnit is needed)
The ability to dealwith high ash content feedstocks

Competitive capital cost

High overall plant net efficiency

Competitive cost ofgeneration

Low emissions

Suitability for retrofit and repowering schemes

The research and developmentwork undertaken by British Coal has been completed British Coal closed at the end ofDecember 1997. The

technologywill continue to be developed byGEC/Alsthom andMitsui BabcockEnergyLtd

AMMONIAPLANTOF THEWEIHE CHEMICALFERTILIZERPLANT - ChinaNational Technical Import andExportCorporation (C-17)

The Weihe Chemical Fertilizer Plant, located in the Shaanxi Province ofChina, has operated under a license from the Texaco Development

Corporation. This gasification plant in the agricultural province of Shaanxi has utilized China's most abundant energy source, coal, and has

converted it into much needed fertilizer. The Weihe plant is among ten plants operating or to be operated in China using Texaco pressurized

gasification technology. Four plants use coal slurry as feedstock; sixuse heavy oil fractions or resid as feedstock.

TheWeihe plant has a production capacity 1,000metric tons ofammonia per day. The ammonia is used to produce an estimated 520,000 tons

peryear ofurea fertilizer. Construction began inMarch 1992. Fertilizer production began inFebruary 1996.

hi 1997, themonthly production reached 18,000 tons ofammonia and 34,000 tons ofurea, with an energy consumption of47 gigajoules per ton

ammonia, and bituminous coal consumption of1.7 tons per ton ofammonia (1.4 tons as feedstock and 0.3 tons as fuel).

The planthas three Texaco gasifiers. two in operation and one on standby, with an operating pressure of6.4 Mpa.

hi 1999 annual ammonia production was 270.000 tons, urea 450.000 tons, and electricity outputwas 30million kWh. with byproduct argon at

900 NmVhr. It has been found thatHuating coalwith a lower ashmelting point (1300) is suitable for processing.

InMay 1999 the plant passed the Chinese governmental reviewing process. The plant investmentwasmainly a loan from the Japanese Overseas

Financing Supporting Foundation.

Project Cost About 4.2 billionYuan ($512milhon,U.S.)

ARCH (ADVANCED RAPID COALHYDROGASIFICATION) PROCESS - NewEnergy and Industrial Development Organization (NEDO) and

Japan GasAssociation (C-18)

In the ARCH process, pulverized coal is decomposed rapidly in a stream ofhydrogen and recirculating quench gas to form a coal-based product

gas (SNG) andBTX liquids. A 5-year program ofbasic research on the ARCH process was started byNEDO in 1996. A lO-kilogram per hour

reactor has been built and operated The next step, scheduled to begin in 2001, is expected to verify the operabitity in a 50 tpd pilot plant A

50-ton per day cold testmodel has been built to testhvdrodvnainic perfonnance ofme reactor. The target frame for commerci'^*"" k the year

2010.

Project Cost: NotAvailable
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BEIJINGCOKINGAND CHEMICALWORKS - Beijing, China (C-21)

In 1958 BeijingCoking and Chemical Works setup a coke oven furnace and put it into operation for producing coke and town gas. By 1996, the
annual production ofcoke increased to 2,000,000 tons formetallurgical use and the daily production oftown gas increased to 1,400,000 Nm* for

Beijing City. The high quality coke is being exported to Europe and Asia. The plant also has a coal tar distillation installation with an annual
capacity of 100.000 tons. More man 30 chemicals are produced from coal tar fractions, these include: benzene, naphthalene, anthraquinone,
creosote oil, mjxresol, and 1,8-naphthalic anhydride.

In 1998, 2milhon tons ofmetallurgical cokewere produced, and the daily output oftown gas is about 1,700,000 Nm*.

InChina, the coke oven process is not onlyused in iron and steel plants for producing coke for blast furnaces, but is alsom^
for a gasification plant to produce town gas with the coke as co-product More than 200 coal gasification plants use the coke oven process,

including the following cities: Sheuyuan, Changchun, Harbin, Tianjin, Shanghai, Hangzhou, Kunming Guiyang, Baoding, Shijiazhuan, Jienan,
Qingdao, Suzhou, WuxLXuzhou, Fuzhou, Wuhuan, Changsha, etc.

BHELPRESSURIZED FLUIDIZEDBED IGCC PROJECT - BharatHeavy Electricals Ltd (C-45)

BHEL's involvement in the development ofcoal gasification concerns the better andwiderutilization ofhigh ash, low grade Indian coals.

As a first step, BHELhas setup a 6.2MWe IntegratedGasification Combined Cycle (IGCC) plantwith an in-house 150 ton per daymoving bed
gasifier integrated to a 4MWe gas turbine and a 2H MWe steam turbine combined cycle plant The plant was commissioned in 1986 and has

been operated formoreman 7,500 hourswith the longest run of30 days.

BHEL considers fluidized bed gasification as a long term prospective for IGCC forhigh ash coals. An 18 ton per day coal pilot scale Process and
EquipmentDevelopmentUnit (PEDU)was commissioned in 1989 for performance evaluation. In the PEDU, coal is gasified by a mixture ofair
and steamat around 1,173K and a pressure of1.013 MPa.

The PEDU has been operated for moreman 2,500 hours with the longest continuous run of 168 hours. Th process and subsystem has been

stabilized The PEDU has beenmodified to improve carbon conversion and cold gas efficiency by recycling ofcyclone ash arid redesigning the
distributor section ofthe gasifier for partial bum-up ofbottom ash.

BHEL has retrofitted a 168 tonper day fluidizedbed gasifier to its existing IG<X plantwim part funding by PACER under the USAI^
The gasifier has been successfully commissioned and is undergomgperformance testing.

An advanced pressurized fluidized bed gasification rig incorporating gravity feeding of cyclone char and integrated bed ash carbon bum-up
system has completed first phase oftrials and is undergoingmodifications for enhancement ofcold gas efficiency.

A spouting fluidized bed test rig of 100mm internal diameter was set up to evaluate the process advantage of this configuration and to

characterize the agglomeration properties ofIndian coals and lignite. The first phase oftestinghas been completed.

BHEL has prepared a plan for the commercialization of IGCC technology in India. Projects addressing the reliability of equipment and

subsystems have been takenup.

ProjectCost $12.5 milhon

BUGGENUM IGCC POWERPLANT - Demkolec, B.V. (C-91)

A commercial prototype IGCC plant has been built at Buggenum in theNetherlands, and was startedup at the end of 1993. The first electricity
from coalwas produced inApril, 1994. The systemwas designed as one process trainwith a combined cycle of283 MW.

The Shell systembeingused is an oxygen-blown, entrained flow, slagging gasifierwhich uses a dry pulverized coal feed. Coal and oxygen are fed
into a pressure vessel The reaction product is a mediumBTU gas consistingmainly ofcarbonmonoxide and hydrogen, togemerwrm ammonia,

hydrogen cyanide, hydrogen sulfide, and carbonyl sulfide. The downstream process consists ofcooling and cleaning the gas ofthese toxic trace

compounds. The clean synthetic gas is 62 percentCO, 32 percent H2, and 5.5 percent inert gas. The residual sulfur content,mainly unconverted

carbonyl sulfide, is lessman 20 ppm bvvolume.

In theBuggenum IGCC project the gas turbine is used as a source ofoxygen for the process, ami nitrogen to pressurize Air

is hied from the compressor discharge and sent to a cryogenic air separation unit operating at elevated pressure.

A 4-year demonstration program (1994-1998) has been fin***** During the demonstration, 170 gasification runs, using more than 30 types of
coals and coal blends, were achieved. Satisfactory performance has been achieved-15,000 operating hours of gasification and 30,000 total

operatinghours ofthe combined cycle (50/50 natural gas/syngas).
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Results fromBuggenum demonstration plant show that (1) a 600MWe plantwith a single gasification train is feasible; (2) overall efficiencywill

be at least 50 percent; (3) emission requirements (99 percent desulfurization and less than 20 grams NOx permilhon BTU) can be achieved; (4)
investment costs for a 600MWe IGCCwill be less thanUS$1,400 perkilowatt

CALDERON COKEMAKING PROCESS - Calderon EnergyCompany, LTVSteel Bethlehem Steel Bechtel Corporation (C-97)

A cokemaking research and development project is being carried out using a single full-size reactor at LTV Steel in Cleveland. Ohio, to

demonstrate the novel Calderon Cokemaking Process. This process consists ofusing an array of tubular reactors that are heated indirectly by

burning a portion ofthe produced gases. The raw gas cleanup and the closed system can produce metallurgical coke without the concurrent

emissionswhich plague normal cokemaking operations.

The demonstration plant is designed to produce 200 tons ofmetallurgical coke per day. Production from a full commercial plant would be

1,600,000 tons per year.

The 102-month demonstration project started inMay 1995.

Total ProjectCost $40milhon: Government share: $20milhon

SHEN HUA DIRECT UQUEFACTION PLANT USING HTI TECHNOLOGY - Hydrocarbon Technologies Inc. (HTI) and Chinese Coal

Research Institute (CCRI) (C-125)

In September 1997 HTI, CCRI and China ShenHua Clean Coal Technology Company signed a detailed agreement titled "Feasibility Study on

Commercialization ofChina Shen Hua Coal Direct
Liquefaction,"

supported by the China State Planning Commission and the United States

Department ofEnergy. This project includes two phases. For the first phase, Chinese ShenHua coal from InnerMongolia was sent by CCRI to

HTI to cany out a 50-kilogram per day laboratory continuous Uquefaction test This work was finished in March 1998, and a preliminary
technical and economical assessment was made. The oil yield accounted for 63 to 68 percent of the coal feed. Test results showed that

liquefaction performance of Shen Hua coal including coal conversion and liquid yields, was not as impressive as other Chinese coals such as

Xianfeng and Yilan coals. However, due to abundant reserves, favorable location, modernized production and relatively low production costs.

direct coal liquefaction to produce clean transportation fuels and chemicals from ShenHua coals are considered a priority project For the second

phase, a 5-tonper daypilot plant testwas carried out in the secondhalfof 1998, and a feasibility study reportwas being carried out in 1999.

The operation ofa commercial plant usingHTI'sUquefactionprocess is scheduled to begin in 2002 andwould produce 50,000 barrels per day of

gasoline and diesel fuel from a daily feedstock of12,000 tons per dayofShenHua bituminous coal. Based on scale-ups ofeartierHTI designs, it

is anticipatedmat the grass roots plantwould produce products competitive in theUnited Stateswith $30-perbarrel oil. m China the coal-derived

fuelwould be competitive with $18-perbarrel oil.

CLEAN POWERFROM INTEGRATED COALORE REDUCTION (CPICOR) - CPICORManagement Company LLC (CMC) (C-175)

Selected under the United States Department ofEnergy (DOE) Clean Coal Technology Demonstration Round 5, this project was intended to

demonstrate the combined production ofhot iron via the COREX process and a combined cycle power plant fueled by the export gas from the

COREX process. The proposed plant producing 1.17million tons ofhot metal per year and 181MW ofpower, was to be integrated into the

existing steelmaking facility at LTV Steel Company's Cleveland works, hi 1994, LTV withdrew from participation. DOE approved the

relocation ofthe project to theGeneva Steel plant atVineyard,Utah

On October 11, 1996, the DOE and the CPICOR Management Company (CMC), which is composed of subsidiaries of Centerior Energy

Corporation, Air Products and Chemicals Inc. and Geneva Steel Company, executed the Cooperative Agreement mnlf'"g this the last project

award under the Clean Coal Technology Demonstration Program. The projectwill demonstrate the integrated production ofUquid iron and the

coproduction ofelectricity usingvariousU.S. coals. Theprojectwhen complete,would produce approximately 3,000 tons per day ofUquid iron

for use inGeneva's steelmaking process.

In 1997 itwas announced thata different technology is now being considered for the project

DOE has continued its environmental analysis for preparing an Environmental Impact Statement for this project CMC continues to perform

baseline environmentalmonitoring and preliminary engineering and design in support ofthe NEPA process. CMC also continues towork closely

with the Australian developers ofthe Hismelt Process to establish a process andmechanical design database for this project The project will be

designed to produce 3.300 tons per dav ofUquid iron and approximately 160 megawatts-electric from the byproduct gases
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COREX PROCESS - VOEST-ALPJNE Industrieanlagenbau (VAI) (C-177)

An alternative iron making process that does not use coke has been commercialized at ISCOR's Pretoria Works, RepubUc of South Africa.

Designed and built by VAI (Linz, Austria), the plant converts iron ore and coal directly into 300,000-400,000 tons per year of pig iron in a

process referred to as the COREX process. Conventional techniques require use ofa coke oven tomake coke, which is then reacted with iron ore

mostly in the form ofsinter in a blast furnace.

In this process two separate streams ofmaterials are gravity fed into the plant One stream is coal (0.5-0.7 tons offixed carbon per ton ofpig iron

produced)with ash,water and sulfur contents ofup to 25 percent 5 percent and 1.5 percent respectively, which is fed to a meher gasifier. The

second streamiron ore in lump or peUet form-is first charged to a reduction shaft and contacted with reducing gas (65-70 percent CO and 20-

25 percentH2, 800-850"C) from themeher-gasifier. The sponge ironwith ametallization degree of>90 percent proceeds to final reduction and

melting in the meher gasifier. Molten metal and slag in blast furnace quality are tapped from the bottom. As a by-product ofthe hot metal

production a high quality export gas is obtainedwhichhas a caloric value ofapproximately 2,000 kcal/Nm3.

The first COREX plant a COREX Module C-1000 (1,000 tons per day nominal hot metal production), started up its industrial operation at

ISCOR PretoriaWorks, RepubUc ofSouth Africa, in 1989. The operation unproved continuously and up to 1998 more than 23 milhon tons of

high quality hotmetal have been produced.

Due to the Asian crisis, which had a negative impact on pig iron prices and volumes in South Africa, ISCOR decided to shut down the COREX

plant temporarily in June 1998, having operated it as a stand alone plant after the shut down ofthe steel making facilities at Pretoria the year

before.

In late 1992 VAI was awarded a contract by the Korean steel producer POSCO for the supply ofa COREX Plant C-2000 (2,000 tons per day
nominal hotmetal production) at its PohangWorks. This plant startedup inNovember 1995 and lias producedmore than 1.9milhon tons ofhigh

quality hotmetal up to date.

In July 1994 and December 1995 the Indian JINDAL group signed a contract for the supply oftwo COREX C-2000 plants, which wiU serve as

the hotmetal basis for the world's first
"greenfield"

plant featuring COREX technology. At this project the COREX export gas wiU be utilized

forpower generation. The first hotmetal fromCOREXModuleNo. 1 was tapped onOctober 5, 1998.

In September 1994 two COREXC-2000 plantswere orderedby theKorean enterpriseHANBO Steel Ltd At this project the COREX export gas

is utilized for additionalDRI production. Due to the bankruptcy ofHANBO Steel and assessment ofa new topmanagement the startup plan of

the steelmill including the steelmehshop, continuous casting andhot and cold stripmills, is postponed

InDecember 1995 anotherCOREX C-2000 plant was ordered by Saldanha Steel Ltd in South Africa. This COREX plant wiU have an annual

capacity of650,000 tons ofhotmetal based on the use ofindigenous lump ore and coals. The COREX gas wiU be utilized for DRI production.

As a special point of interest the works wiU be erected near a natural reserve. Besides the economical advantages another key reason why the

COREX process was selectedwas because ofits environmentally friendlymode ofoperation.

Based on the successful operation ofC-2000, VAI introduced the next COREX generation to themarket in 1997-the COREXModule C-3000.

This new generation, representing a 1.35:1 scale-up,wiU produce l.lnulhon tens ofhotmetal peryearusing 100 peixntpeUet feedstock.

COVOLCOAL FINES PROCESSING PLANT - Coval Technologies, Inc. (C-180)

Covol Technologies, Inc. has built and operates a coal fines briquetting facility,Utah Synfuel #1, in Carbon County, Utah. Construction began in

mid-1996 and operations began at the end ofthe year. At full capacity, theUtah Synfuel #1 facility produces 400,000 tons ofbriquettes peryear.

In the Covol briquettingprocess, impurities in the coal fines are washed out ofthe coal fines prior to briquetting to produce briquettes comparable

to high-grade, freshly-mined coal and coke.

The Covol briquetteswfll reduce environmental disposal problems currentty faced by sted and coal rxoducers. The briquette production qualifies

for tax credits under Section 29 ofthe Internal Revenue Service code for fuels from non-conventional sources. An extension ofthe regulations

allowedCovol to build additional facilities through June 1998.

Covol has ticensed or constructed 24 full-scale briquetting facilities, most ofwhich are currently, and all ofwhich wiU ultimately be, owned by
Ucensees. In addition, Ucensing agreements have also been executed which wiU provide for royalties for the manufacture and production of

"synthetic
fuel"

briquettes. Pursuant to these Ucense agreements, and dependingupon the amount ofbriquettes that are produced and sold, Covol

expects to earn ticense fees receivable quarterly. In addition,Covolwfll receive revenue from the sale ofbindermaterial

There are 10 primary coal supply regions in theUnited States. The companyhas at least one Covol licensed facility in sixofthese regions:
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Annual Rated

Location Capacity
(tons)*

RockyMountain Region

Utah Synfuels #1 Price,Utah 360,000

Carbon Synfuel Price,Utah 360,000

Mojave Synfuels Laughlin,Nevada 280,000

SouthernAppalacbia Region

Birmingham Syn Fuel

Binningport Mulga, Alabama 360,000

PacifiCorp Syn Fuel

Brookwood Brookwood, Alabama 360,000

Pumpkin Center #1 and #2 FlatCreek, Alabama 720,000

CentralAppalachiaRegion

Pace Carbon Fuels

Chelyan Chelyan,WestVirginia 600,000

Norton Norton, Virginia 600,000

Muddlety Muddlety,West Virginia 600,000

Eckman Eckman,WestVirginia 600,000

Appalachian Synfuels #1 and #2

FluorCorporation Pettus,West Virginia 720,000

Mountaineer Synfuels TalhnansviUe,West Virginia 360,000

Pocahontas Synfuel North Fork,WestVirginia 380,000

NortheastAppalacbia.Region

PeUetCo

Pleasant Ridge GingerHiU, Pennsylvania 300,000

Robena Paisley, Pennsylvania 580,000

Commonwealth Synfuel Karthaus, Pennsylvania 360,000

Pennsylvania Synfuel Project Somerset Pennsylvania 600,000

TJtinois BasinRegkm

USACoal #1, #2, #3 and #4 Pawnee, Illinois 1,440,000

Northwest Appalacbia Regkm

PeUetCo AUedonia, Ohio 340,000

Maple Creek

TotalRated Capacity: 9,900,000

'Because aU facilities are new, none has yet produced the annual capacity as ratedby

engineering and equipment vendors.

ha December 1999 Covol said that the Pennsylvania Synfuel Project was being sold bv the Ucensee to a major United States electric utility

company.

Covol seeks to enter into collaborative arrangements with steel and carbon producers to build, equip and operate synthetic fuel and revert

processing plants on-site at the
producers'

facilities. The company believes that such arrangements wiU benefit steel and carbon producers

because theywiU have an economical means to dispose ofwaste materials while providinga ready source ofbriquettes and/or iron feedstock.

CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute ofElectric Power Industry (Japan), New Energy and Industrial

TechnologyDevelopment Organization (C-200)

Japan's CRIEPI (Central Research Institute ofElectric Power Industry) has been engaged in research and development on gasification, hot gas

cleanup, gas turbines, and their integration into an IGCC (Integrated Gasification CombinedCycle) system.
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An air-blown pressurized two-stage entrained-flow gasifier (2.4 ton per day process development unit) adopting a dry coal feed system has been

developed and successfully operated since 1983. This gasifier designwas employed as the prototype ofthe national 200 ton per day pilot plant
As oflate 1996, the gasifierhad been operated for 2^24 hours, and tested on 20 different coals.

Research and development on a 200 tonper day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility and gas turbine
has been earned out extensively from 1986.

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International Trade and

Industry (Mill) and New Energy Development Organization (NEDO). They evaluated eight systems combining differentmethods of coal feed

(dry/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant system, from the standpoint of thermal

efficiency, was determined to be composed of dry coal feed, airblown and hot-gas cleanup methods. This is in contrast to the Cool Water

demonstrationplant which is composed ofcoal slurry feed, oxygen-blown andhot-gas cleanup systems.

For the project to build a 200 ton per day entrained-flow coal gasification combined cycle phot plant the electric utilities have organized the

"Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems
(IGC)"

with 10major electric power

companies and CRIEPI to carry out this project supportedbyMITI andNEDO.

Basic design and engineering ofthe pilot plant was started in 1986 and manufacturing and construction started in 1988 at the Nakoso Coal

Gasification Power Generation Pilot Plant she. Coal Gasification Tests began in June 1991 with the air blown pressurized entrained-flow

gasifier. Tests also began in 1991 for the hot gas clean-up system and a high temperature gas turbine of126QC combustor outlet temperature.

The operation ofthe pilot plant was completed in February 1996. Under consideration in 1999 is a 300-megawatt IGCC plant based on the

Nakoso design

Project Cost 63 biltion yen

CZECH REPUBUCHIGH-TEMPERATUREWINKLER IGCC PROJECT - Sokolovska uhema (C-202)

The former town-gas plant at Vresova. Czech RepubUc was converted to 400-megawatts of combined-cycle power generation in 1996. Clean

fuel gas is produced from local Ugnfte. At present crude gas is produced from lignite gasification in 26 fixed-bed gasifiers ofCzech design. Gas

purification (Rectisol') and other plants have been refurbished in recent years and new ones tike the sour gas processing plant were ng*ii<*t

The gasification plantwith fts 26 reactors, althoughworking reliably, remains theweak link in the process chain because of its inefficiency and fas

undesired byproducts.

For this reason. Sokolovska uhelna (SU) (Czech RepubUc') looked into several alternatives, including entrained-flow gasification. High-

Temperature Winkler (HTW) gasification, which was especially developed for Ugnfte. proved to be the most attractive solution wfth regard to

technical and economic aspects.

The overall HTW project atVresova comprises the HTW gasification plant off-sites, and auxiliary and other units such as coal preparation, air

separationunit power generation from steam produced in raw gas cooling, etc. The purpose oftheHTW project is to replace the existing reactors

wfthHTW gasification.

One singleHTW gasifier operated on oxygen/steam as gasification agent could produce enough gas to fuel the 400-megawatt gas/steam turbine

powerplant ofSU. For turn-down reasons SU requires an operating range of30 to 100 percent offuel gas production two gasification trains

of50 percent capacity eachwill be provided

The totalmvestment cost (without financing cost-) for theHTW plant amounts to approximately 100milUonEURO orUS$90million

The project execution time is estimated at 36 to 42 months. The decision to build wfll be taken in 2000 at the earnest after having completed the

basic and environmental engineering and financing is secured Thus startup is scheduled for 2003.

Sokolovska uhema. along wfth several other companies and three technical universities, filed a proposal in June 1999 for support from the

European Fifth Framework Program under the acronym VreCoPower.

DATONGCOALGAS PLANT - Datong Cfty, Shanxi Province, China (C-204)

The DatongCoal Gas Plant has two sets ofcoal carbonization vertical usingDatong bituminous coal retorts for producing 120,000
Nm3

oftown

gas dairy,wfthhigh quality coke as byproduct
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In 1996 two sets ofvertical retorts and three water gas generators were constructed The town gas supply has been increased to
240,000 Nm*

daily.

ExpandingCapital Cost 70million Chinese Yuan

DELAWARE CLEAN ENERGY PROJECT - MotivaEnterprises LLC (C-208)

The Delaware Clean Energy Project is located atMotiva
Enterprises'

refinery at Delaware Cfty, Delaware. Motiva Enterprises LLC is aUnited

States joint venture between SheU Oil Company, Texaco and Saudi Aramco. The project utilizes Integrated Gasification Combined Cycle

(IGCC) power technology featuring proprietary technology licensed by Texaco. Twin Texaco gasifiers wiU convert 2.000 tons per days of

refinery byproduct petroleum coke into clean syngas used to fuel two 90-megawatt gas turbines to produce electricity. The exhaust heat wiU be

captured to produce steam for use in refinery operations. Constructionwas started in 1997. The system is due to be operational by late 1999.

Byproducts ofthe Delaware IGCC project wfll include Uquified sulfur and slag, which wiU be used inmetals reclaiming and as an aggregate for

road construction. External transportation ofcoke byproducts wfll be reduced in the IGCC project alongwith durt and other inmacts associated

wfth the transport

DESTEC SYNGAS PROJECT - LouisianaGasificationTechnology, Inc. a subsidiary ofDynegy, Inc. (C-210)

TheDestec Syngas Project located in Plaquemine, Louisiana, began commercial operations inApril 1987, operating at rates up to 105 percent of

capacity. As ofNovember 1995 the project has produced 46.7 trilUon BTU ofon-spec syngas and has reached 3369,114 tons ofcoal processed

It has operated for 42,507 hours on coal A 90-day consecutive production record of 97 percent capacity was reached in 1995. A 30-day
consecutive production record of100 percent availabiUty and 89 perceirtcapacfty factorwas reachedm February 1995.

At full capacity, the plant consumes 2,400 tons ofcoal per day providing 30 biltion BTU per day ofmedium BTU gas. The process uses Dow-

developed coal gasification technology to convert coal orUgnfte intomediumBTU synthetic gas.

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifierwfth a continuous slag removal system. Dow*s GAS/SPEC ST-1 acid

gas removal system andUnocal's Selectox sulfur conversion unit are also used Oxygen issuppUedbyAir Products.

Construction ofthe plantwas completed in 1987 by Dow Engineering Company. Each gasificationmodule is sized to produce syngas to power

150-200megawatt combustion turbines. The project is owned and operatedby Louisiana Gasification Technology Incorporated, awholly owned

subsidiaryofHouston-basedDynegy Inc.

In this application, theDestec Syngas Process and the associatedprocess units have been optimized for the production ofsynthetic gas for use as a

combustion gas turbine fuel The project received a price guarantee from the United States Synthetic Fuels Corporation (now the Treasury

Department)which is subject to the amount ofgas producedby the project The amount ofthe price guarantee is based on themarket price ofthe

natural gas and the production ofthe project Maximum amount ofthe guarantee is $620 milhon. LGTI has ceased operations in November

1995 having completed the Synfuels Corporation contract The plant has been decommissioned.

A 304tilowatt carbonate fuel cell pilot plant has been tested successfully at the Destec site, and has achieved 2,000 hours of operation during
endurance tests on syngas produced atDestec's coal gasification plant

Project Cost $72.8million (excludingpower plant and ASU)

DUNNNOKOTAMETHANOL PROJECT - TheNokotaCompany (C-215)

The Nokota Company is the sponsor ofthe Dunn-Nokota Methanol Project Dunn County, North Dakota. Nokota plans to convert a portion of

fts coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including carbon dioxide for enhanced oil

recovery in die Williston and Powder River Basins. $20milhon has been spent and 12 years have been invested in sfte and feasibility studies.

After thorough pubUc and regulatory review by the state ofNorthDakota, air quality and conditional water use permits have been approved The

Bureau ofReclamation released the final Environmental Statement on February 26, 1988.

Nokota's schedule for the project is subject to receiptofall permits, approvals, and certifications required from federal state, and local authorities

and upon appropriate market conditions formethanol and otherproducts from the proposed faciUty.

ProjectCost $2.6 billion (Phase I andU)
$0.2 biltion (CQ2 compression)
$0.1 biltion (Pipeline interconnection)
$0.4 biltion (Mine)
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EASTMAN CHEMICALS FROM COAL - Tennessee Eastman Division (C-216)

Tennessee Eastman Division, a manufacturing unit of Eastman Chemical Company, operates fts chemicals from coal complex at Kingsport,
Tennessee. The capacity ofacetic anhydride made via carbonylation ofmethyl acetate is 1.2 billion pounds per year and the capacity for acetic

add is 410million pounds per year. Eastman also has capacity of600milhon pounds peryearofacetic anhydride via the ketene furnace route.

ENCOALLFCDEMONSTRATION PLANT - ENCOALCorporation,United States Department ofEnergy (C-221)

ENCOAL Corporation, a whoUy owned subsidiary of AEI Resources Inc. of Ashland, Kentucky, received funding from the Department of

Energy's Clean Coal Technology Round 3 Program for a 1,000 ton per day mild gasification plant at the Buckskin Mine in Northeastern

Wyoming. The government funded 50 percent of the original $72.6milhon total cost The demonstration plant utilizes the LFC technology
developed by SGI International. TEK-KOL is a partnership between SGI International and a unit ofAEI Resources Inc. Additional technical

development support is provided by TEK-KOL,which also has priniaiyrespccsiT)ilityforconmieraahzation. AU assets are assigned to ENCOAL

while all technology rights are heldbyTEK-KOL and licensed to ENCOAL

The plant is designed to be operated as a smaU commercial facility and produce sufficient quantities of process derived fuel and coal derived
tiquids to conduct full scale test burns of the products in industrial and utility boilers. Feed coal for the plant is purchased from the Buckskin

Minewhich is owned and operated byTriton Coal Company (awholly owned subsidiaryofBluegrass Coal Development Company, also anAEI
subsidiary). Other United States coalsmay be shipped to the demonstration plant from time to time for tert processing, since the process appears

toworkweU onUgnftes and some Eastern bituminous coals.

APermit to Constructwas received from theWyomingDepartment ofEnvironmentalQuality, Air Quality Division for the demonstration plant
Itwas approved on the basis ofthe use ofbest available technology for the control ofSC% NC^, CO, bydiocarbcns and particulates. The plant is
designed to have no solid or liquidwastes and sourcewater requirements are very small

Groundwas broken at the Buckskinmine sfte for the commercid process dernonstration unft m late 1990. Construction was completed bymid-

1992. Theplant built to process 1,000 tons ofcoal per day and produce 150,000 barrels ofUquids per year plus 180,000 tons ofupgraded soUd

fuel completed tiw first 24 hour integrated test run in June 1992. During mis run ft operated at about 70 percent of fts capacity and made

specification soUd and liquid fuels. FoUowing this initial run, the plant was operated in a test mode through June 1993, completing 15 runs of

increasing duration.

The plant was closed down for a period in 1993 for the completion of plant improvements and the installation of additional equipment In

January 1994, the new equipmentwas commissioned and the operations and testing programs resumed. These programs culminated in a 68 day
continuous run in April through June 1994. The plant was then declared operational although ft is now limited to 50 percent of fts design

capacity due to the capacity ofthe new equipment

Since that time ENCOALhas produced PDF andCDLfor test burns in theutihty and noctaUurgicalmarkets. Seventeen unit trains, containing up
to 100 percent PDFwere shipped and successfully burned in utilities inOklahoma, Iowa,Nebraska,Missouri, Wyoming and Indiana. InApril of

1996, 10,000 tons ofPDF were shipped to Indiana-Kentucky Electric Cooperative's Clifty Creek Station (TKEC). The test burn at KEC was

successfuUy completed inMay of 1996. Results indicate that wfth one pulverizer out ofservice, the capacitywas increased significantly relative
to the base blend and that therewas a 20 percentNOx reduction.

More than 4milhon gaUons ofCDL, the Uquid product have been shipped to various industrial customers. Some blending problems surfaced,
but the test burns were largely successful ENCOAL has been investigating several methods for upgrading the CDL into other marketable

commodities. Potential consumers ofthe cresyUc acid and the pitch fraction ofthe CDLhave been identified.

In October 1994 ENCOAL was granted a two-year $2.1 million extension ofthe Cooperative Agreement wfth the DOE that carried through

September 1996. At that time ENCOALwas granted a six-month no-cost extension through March 17, 1997 and ultimately through Jury 1997,
whan all rppnrtmg

*qiMniyfftc ""T* completed *** the agp"""* trrmw**1** The ENCOAL plant is shut down on standby pending additional

testing orproduct delivery requirements.

In pursuit of commercial apptications for the LFC process, agreements were made between TEK-KOL and Mitsubishi Heavy Industries for

participation in a commercial plant feasibility study and also between TEK-KOL and Mitsui SRC Development Company to provide an

assessment ofthe Asianmarket A technical and economic feasibility study for a Powder River Basin commercial LFC plant was completed in

March of 1996. TEK-KOL has completed two additional feasibility studies in Indonesia, one study in Russia, and an additional Powder River
location. Preliminary studieswere initiated inChina andAustralia.

InDecember 1999 SGI International (SGII) announced that ft has executed an agreementwfth AEI Resources, which transfers the Liquids-From-

Coal (LFC) demonstration plant (ENCOAL plant) and aU related LFC assets from AEI to SGII. The acquisition ofENCOAL is a major step to

restarting the plant and selling upgraded coal and Uquid products for testing and subsequent use by interested electric utilities and chemical

customers. SGII expects that this testing should serve as a basis for entering into long-term agreements wfth these and other customers to sell the

same LFC products and thus provide a basis for obtaining financing for the first commercial LFC plant to be built in the PowderRiver Basin.
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The relatedLFC assets includeAEI's 50 percent interest in the LFC technology. The acquisition agreements, require that before SGII can operate

the plant ftmust satisfy certain other conditions bv the end ofthe first quarter. Themajor condition is to ohtain an investor and to secure financing

to replaceAEI on bond and indemnity obUgations.

An eariier December announcement said that American Electric Power (AEP) agreed to transport bv rail SGII's upgraded coal from the

ENCOAL demonstration plant located near Gfllette. Wyoming, to AEP's Cook Coal Terminal at Metropolis, THinnis, for barge delivery to

various SGII customers. Shipments are expected to begin next year and continue through at least 2004.

Total Project Cost $90.7million

ESPERANCE IGCC PROJECT - HiUcrest ResourcesN.L. Texaco Inc.. AustraUan Power andEnergyCorporation Holdings Ltd (APEC) (C-223)

Rentech's Fischer-Tropsch (F-T) technology is expected to play an important part in a proposed electrical power and F-T fuels project in West

Australia.

APEC holds the rights to the Ugnfte deposit which underlies the proposed Esperance Power Project The deposit is located at Salmon Gums.

approximately 350miles east southeast ofPerth. Australia, and 60miles north ofthe PortTown ofEsperance.

Preliminary project siring is for a 200-megawattpowerplant and a 6.000-barrel per dav F-T plant Texaco's gasification technology wiU be used

to gasify the Ugnfte to produce a syngas. The syngas wiU in turn be used to produce electricity and feed the Rentech-designed F-T reactor.

FIFEAFT- IGCC POWER PROJECT - Global Energy, Fife Energy Ltd. (C-224)

Fife Energy lid's Environmental Energy Park (formerly the Westfield Development Centre) in Fife, Scotland, is the site of the AFT-IGCC

(Advanced Fuel Technology-Integrated Gasification Combined-Cycle) 110-MW Power Station. Global Energy and fts subsidiary, Fife Energy,

purchased fromBritishGas theWestfield site and the rights to the BritishGas/Lurgi (BGL) slagging gasifier developed there.

Global Energy's AFT process produces fuel briquettes which are an ideal feed to the BGL gasifier. The briquettes can be made from organic

wastes such asMunicipal SolidWaste (MSW) or sewage sludge, combinedwftha carbon source such as petroleum cokes orcoal

The AFT-IGCC project atFife is built around the existing gasification and infrastrocture facilities. The 500-tonne per day BGL slagging gasifier

is the centerpiece ofthis facility. Themajor items ofnew equipment that are being added to the existing facilities include: Gas Purification and

associatedGas Island components, Fuel Island components for fuel handling and briquetting, togetherwfth a complete Power Island The Power

Island features theGeneral Electric 6FAgas turbine configured for dual-fuel syngas andnatural gas operation.

The project plans to use avarietyofcarbon and organic waste fuel components including sludge powder and petroleum coke.

GLOBAL ENVIRONMENTAL SLAGGING GASIFICATION INJECTION (SGI) OF WASTES - Global Environmental Ltd, Fife, Scotland

(C-229)

Global Environmental has developed the closed-loop SGI process to convert industrial hazardous or toxic wastes into a clean medium-BTU

synthesis or fuel gas. The main products from the SGI process are SGI Product Gas (CO + H2) and SGI Vftreous Frit The medium-BTU

(350 BTU/scf) SGI Product Gas can be used as a chemical feedstock, for power generation or for transportation fuel production. The SGI

Vitreous Frit conmosed ofthe inorganic portion ofthewaste feedstocks,may be used as a road building aggregate.

The demonstration ofthe SGI process has been carried out at the Fife Westfield, Scotland, power station. The Fife station was constructed in

1956with four Lurgi gasifiers. The site laterbecame the development center for the slaggmgBritishGas/Lurgi gasifiers. In 1992 Global Energy
Europe acquired the facility for development oftheAFT-IGCC and SGI Technologyprojects at Fife Environmental Energy Park..

The core ofthe SGI technology is an oxygen-blown, fixed-bed gasifier. Operating at 350 psig and temperatures up to 3,600F, a wide variety of

industrial wastes including polychlorinated biphenyls, chlorodibenz dioxins and chlorod&enzofurans are destroyed in a short (about 2 second)

residence time. Coal or coke is used as the fuel and the bed supportmedium. Oxygen, steam andUquidwastes are introduced into the descending
bed ofcarbonaceous material

SGI units are available from Global Environmental-a 2-foot ID unit and a 4-foot ID unit Although the capacity is somewhat dependent on the

type ofwaste being destroyed, nominal capacity ofthe 4-foot ID unit is about 25 thousand tons per year ofwastes. SGI units may be sized

appropriately to handle various capacity requirements.

ProjectCost NotDisclosed
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GREATPLAINS SYNFUELS PLANT - DakotaGasificationCompany (C-240)

The Great Plains synfuels plant, located near Beulah, North Dakota, is owned and operated by the Dakota Gasification Company (DGC) to
produce synthetic natural gas (SNG), anhydrous ammonia, and numerous byproducts from the gasification of 16,000 tons per day ofNorth
Dakota lignite. FourteenLurgi gasifiers are used.

Initial design work for a plant to produce 250 nuTlioncubicfeet per day (MMCFD) ofSNG was begun in 1973. In 1976 a partnership, Great

Plains Gasification Associates (GPGA),was formed after financing problems delayed the project and plant design was reduced to 125 MMCFD

ofSNG, assuming an operating factorof91 percent The partnership was formed by affiliates ofAmericanNatural Resources, Peoples Gas (now
MidConCorporation),Tenneco haa, Transco Companies Inc. (nowTransco EnergyCompany) and ColumbiaGas Systems, Inc. Under the terms
ofthe partnership agreement Great Plainswould own theFacility AWP. rv>l Gasification rwwpmywlH *t* as prnj*** administrator, and the

pipeline affiliates ofthe partners would purchase the gas. Full-scale construction did not begin until 1981 when the United States Department of

Energy (DOE) announced approval ofa condftiond coinmftment ofa $2.02 biltion loan guarantee for the project Constructionwas completed in

1984. In 1985 GPGAwfthdrew from the project due to projected operating losses and die DOE assumed ownership and operated the plant until

ownershipwas transferred to theDGC in 1988.

Under DGC operations, the planthas been producing SNG at over 125 percent ofdesign capacity. One hundred sixtymillion standard cubic feet

per dayof SNG is distributed through a 34-mile pipeline to theNorthern Border Pipeline.

In 1989, DGC began focusing on selling byproducts ofthe coal gasification process as a means of improving profitability. In 1991, a phenol

recovery facility was installed, designed to produce more than 2million gallons ofbom phenol and crude cresylic acid annually. Marketing a
krypton/xenon gasmixture, recovered from the synfud plants oxygen plant was also begun in 1991. In 1993, DGC installed a hydrotreater to

In 1997 DGC started up two new byproduct production facilities. The new flue gas desulfurization (FGD) system uses anhydrous ammonia as

the reagent and produces about 450 tons per day of ainmomum sulfate, a commercial fertilizer. The final cost ofthis facility is approximately
$100milhon, S30milUon ofwhichwas provided by aDOE trust fund established as part ofthe sak ofdie synfuels pla^ Installation of

mis facility, however, did not bring the plant into comphancewfth fts limitations forparticulate and visible plume. As a result DGC and die State

ofNorthDakota executed a consent agreementwhich requiresDGC to instaU awet electrostaticpre^

The second facility is a 1,000 tons per day anhydrous ammonia facility at a cost of $113 million. The state of North Dakota provided

approximately $16 nuUUonm financial assistance to IX3C for this project Approximately 15 percent ofthe ammonia production will be utilized

in the FGD unit to produce ammonium sulfate. To manufacture die anhydrous ammonia, DGC diverts 34 MM scf7d ofSNG to the ammonia

plant

hiMay 1997 DGC signed a 15 year take or pay carbon dioxide purchase agreementwfth PanCanadian Resources to provide PanCanadian, via
pipeline- with up to 9Smillion cubic feet per day ofcarbon dioxide foruse m its tertiary od recoveryundertakingat ti^

PanCanadian located nearWeybum, Saskatchewan. This $110million project is expected to be completed in die spring of 2000. wfth initial

deliveries occurring in the fall

Project Cost $2.2 billion

HARBINGASIFICATION PLANT - HarbinCfty, Heilongjiang Province, People's RepubUc ofChina (C-245)

Construction ofa gasification plant near the Yi Lanmining district was started in 1990. The coal reserves at the Yi Lan Mine are sufficient to

supply the gasification plants for 100 years. The plant employs a pressurized gasification process to produce city gas for Harbin Cfty, using 5

Lurgi typeGermanPKM pressurized gasifiers eachwfth the diameterof3.6meters. A gas pipeline wfth a diameter of 1m and length of250 km

was constructed between the plant and the cfty.

The first phase was completed in 1995, wfth a normal production of600,000
Nm5

ofcfty gas per daywfth an annual production of40,000 tons

ofmethanoL Scale up to the second phase was started in 1995. The total production oftown gas reached 1,200,000NmVday wfth an output of

140,000 tons per year ofmethanol and 36,000 kW of electricity generating capacity in 1998, wfth three gasifiers in operation and two on

standby. In 1999 production oftown gas accounted for 2millionNmVdav.

Capital Cost Approximately 1.5 billion Yuan

EBIL/CARBONA IGCC PROJECT IN INDIA - IBIL Energy Systems, Sanghi Industries, CarbonaOy (C-270)

Carbona Inc. (the successor to Enviropower Inc, a joint venture ofTampeUa Power and VattenfaU AB) has developed a simplified Integrated

GasificationCombined-Cycle (IGCC) process based on theU-GAS process originally developedbydie Institute ofGas Technology (IGT) and an
advanced hot gas clean-up technology. A commercial gasification plant is now being designed by Carbona for a tignfte-fueled IGCC powerplant

in India.
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IBIL Energy Systems (IES) ofIndia is developing the project to supply electricity and steam to a cement plant of2.6million tons per year being
built by Sanghi Industries Ltd. (SIL) in the Kutch region ofGujarat State. The cement plant wiU consume amaximum ofabout 52.5 megawatts

electricity andwiU be fueledwfthUgnfte. The powerplant wm be built owned and operated by IES for 10 years supplying electric^

andwtilbe transferred to SIL after thatperiod. Commercial production ofthe cement plantwiU start in early 1997. Themodularly implemented

IGCC plantwas scheduled to start operation in the firsthalfof 1998.

The project includes a desalination plant forwater supply. The dedicated tignfte-fueled 60-megawatt capacity powerplant wiU satisfy all on-site

power requirements and supply 40 tons perhoursteam to the desalination plant

The project is being financed on the basis ofan energy conversion agreement underwhich SILwiU provide the Ugnfte at no cost to IES. IES wiU

convert the Ugnfte to power, whichwiU be provided at no cost to Sanghi Cement

In return for the power and process steam, Sanghi Cement is paying IES an energy conversion fee sufficient to cover fts fixed
and variable costs of

production. IES wiU be compensated at a predetermined rate which wiU be about 1.65 rupees (approximately $0,055) per kilowatt-hour

including anmipntaH cost for the Ugnfte.

The gas turbinewas ordered in 1995 for shipment Sfte preparation started in July 1996. The steam turbinewas to be installed in the first halfof

1997.

To support the detailed design,Ugnfte for pilot plant testingwas shipped to Finland in 1996.

Project Cost About $60milhon, wfth about $30million for the power island and $30million for the gasification island

IMHEXMOLTEN CARBONATE FUEL CELL DEMONSTRATION - M-C Power Corporation, Bechtel Group, Stewart and Stevenson Services,

Institute ofGas Technology (C-273)

M-C Power has a goal ofbringing amarket-responsive, natural gas fueled IMHEXmolten carbonate fuel cell (MCFC) to the power generation

industry. 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. M-C Power leads a teamwhich consists ofM-

C Power, the Bechtel Group, Stewart and Stevenson Services, Inc. and the Institute ofGas Technology. This team provides both the market and

power plant expertise for this commercialization effort

M-C Power's IMHEX stack technology is being demonstrated in commercial-scale hardware. Aprocess development power plant was installed at

Unocal's Fred L. Hartley Research Center in Brea, California and operated inmid-1995. The results ofthis test were incorporated into process

changes for a 754cW stack in a 250-kW integratedMCFC powerplant demonstration constructedm 19^ atthe San Diego

theNavalAir StationMiramar. Operation ofthe powerplantbegan in early 1997.

Future plans include the manufacture and deUverv ofa 200-kW stack to operate at Miramar. Construction of four prototype commercial units

will begin in 2000.

INTEGRATED DRYING, IGCC PILOT PLANT - HermanResearch Pty. Ltd (C-275)

In Victoria, Australia, a research program was initiated in 1989 seeking ways of reducing the cost of electricity and increasing conversion

efficiency from brown coal-fired power stations. An innovative process called IntegratedDrying andGasification Combined-Cycle (IDGCC)was

developed. Laboratory and pilot-scale researchhas been conducted on key aspects ofthe process including: raw coal feeding, pressurized drying,

fluidized-bed gasification, hot gas filtration and low-BTU gas combustion.

The Coal Gasification Facility atMorweU in the LatrobeVaUeywas commissioned in July 1996 to evaluate the IDGCC process on a larger scale.

The facility has a throughput up to 10 tonnes per hour of raw coal at the fuU pressure of 25 bar. This represents a process capacity of

10megawatts output

A range of coals wiU be tested, concentrating initially on coal from the Latrobe Vauey, wfth suitable coals from overseas to be tested later.

Testingwas scheduled to beginAugust 1996 and contmue untU the end ofDecember 1997.

JINLING PETROCHEMICAL CORP. FERTILIZER PLANT - China Petrochemical Company (SINOPEC) (C-280)

AtNankingCfty, Jiangsu Province, China, the fertilizerplant ofJinling Petrochemical Corp. has annual production of590,000 tons ofurea, using
petroleum naphtha as feedstock. Due to the high cost of naphtha (about 1,700 yuan per ton), in recent years the urea production became

unprofitable. It has been approved to shift the feedstockfrom naphtha to coal slurry. The Texaco coal slurry gasification processwas selected for

construction. The production capacity wiU increase by 20 percent; 500,000 tons per year ofthe Shaanxi Shen Fu-Yu Lin coal wiU be used wfth
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the price only about one-sixth ofthe naphtha. The production cost ofurea after shifting ofthe feedstockwiU decrease from 1,250 yuan per ton to

1,000 yuan per ton and the plant wiU gain profits ofabout 97,000,000 yuan per year. The reconstructionhas not begun as ofDecember 1999.

hi addition to the Jinlingplant the Bating and Hubei fertilizer plants and three othermiddle-capacfty plants (Has Lianghe, Chang Shan and Liu

Jiaxia) were also approved to shift their feedstocks from naphtha to coal slurry. Among them, the BalingDongtin plant was actively involved in

1999 in the process design for the feedstock shift. It is intended to use SheU's pulverized coal gasification technology as BalingDongtin.

ReconstructionCost 1.5 biltionChinese yuan for each plant

K-FUELCOMMERCIALFACILITY - KFx Inc. (C-290)

KFx, a Delaware corporation founded in 1988, adopted fts name in 1993. It is a successor entity to K-Fuel Partnership, Koppelman Fuel

Deveopment Company, and K-Fuel Limited Partnership. Its whoUy-owned subsidiary, KFx Technology, Inc., is die owner ofthe Company's

demonstration facilities located nearGillette,Wyoming.

The K-Fuel process was invented by Edward Koppelman and developed further at SRI International between 1976 and 1984. In 1984, K-Fuel

Partnership, the predecessor to KFx Inc. (KFxX was formed to commercialize ttw process. KFx owns die worldwide patents and international

bcensing rights to the process in theUnited States and 37 foreign countries.

KFx has commercialized the nitrogen-based Series "C technology. The technology physically and chemically transforms high-moisture, low-

energy, low-grade coal Ugnfte, peat or other organic feedstocks (eg., bagasse, biomass, municipal solid waste, sludge, wood waste) into a low-

moisture, high-energy fuel product K-Fuel which has a heating value 60 percent higher than that ofthe raw coal When burned, this fuel

produces less than 0.8 pounds ofSO2/MMBTU. Additionally, lab tests indicate that fuel NOx emissions are approximately 50 percent less than
those generatedwhen burning conventional bituminous coals.

In 1995 KFx andThermo ECOtek Corporation (Thermo) entered into agreements providing for the construction and operation ofa 500.000-ton

per year K-Fuel production facility near Gillette. Wyoming, to be operated bv and 95 percent owned bv Thermo. The plant began operation in

early 1998. A unit train ofK-Fuel containing approximately 12.000 tons was shipped to the Clifty Creek power generating station in southern

Indiana, where ftwas burned in late February 1999. Results ofthis first commercial bum ofK-Fuel indicated that ft produced: (a) a reduction in

NOt emissionswhilemaintaining capacity and reducing internal power consumption, (b) no unusual deterioration ofinternal boiler operations, (c)

a reduction in the fuel preparation costs, (d) no spontaneous combustion, and (e) an improvement in boiler efficiency. KFx also beUeves that

K-Fuel produced a reduction in SO> and CO? emissions, but Clifty Creek's instrumentation precluded clear quantification ofthese results. The

handling characteristics ofK-Fuelwere acceptablewfth properuse ofthe generating station's existing dust suppressant system. Nevertheless. KFx

plans towork to reduce the dustiness ofK-Fuel and improve fts handling characteristics.

Since commencement ofoperations ofthe Gillette K-Fuel facility, Thermo encountered difficulties in achieving optimal and sustained operations.

In June 1999 Thermo suspended operations at Gillette and K-Fuel is not being produced as ofDecember 1999. Thermo and KFx are actively

soliciting offers to purchase the GiUette K-Fuel facility and at December 1999 Thermo is in active negotiations and discussions wfth various

parties.

In April 1996 KFx and Kennecott Energy and Coal Company (whoUy-ownedbyRio Tinto), formedK-Fuel L.L.O, a Delaware limited liability

company (K-Fuel LLC). The purpose ofK-Fuel LLC is to further develop theK-Fuel technology,marketK-Fuel products, develop plant projects
for the commercial production ofK-Fuel products (commercial projects), form entities to construct and own commercial projects (project entities),

and grant subUcenses to project entities. The Ucense granted to K-Fuel LLC specifies minimum terms and provisions for license fees and

production royalties to be paid by project entities directly to KFx and provides that commercial projects be built through project entities rather

than byK-Fuel LLC. KFx retained the right to develop fts own project entities in the event KECC declines participation, and K-Fuel LLC must

grant subUcenses to such entities. hntiaUy, KFxwiU have a 5 1 percent interest inK-Fuel LLC andKECC wiU have a 49 percent interest

hi June 1999 KECC entered into an agreement wfth KFx. which provided for the concurrent payment of $2million to KFx. Ofthis amount

$1 million is a nonrefundable prepaidUcense fee to be applied toward additional license fees expected in connectionwfth the near termmission of

K-Fuel LLC to develop a 3-milUon ton per year K-Fuel production facility that is economical in today's energy markets. The remaining

$1 mtilionwas invested byKFx in K-Fuel LLC to find father development activities associated wfth pursuit ofthismission.

KFx believes there are international opportunities to use die Series C technology to upgrade low-energy, higb^noisture coal into high-energy, low-

moisture coal. KFx lias identified specific opportunities in the CzechRepubUc, Turkey, and Indonesia.

KENTUCKY PIONEERENERGY PROJECT - Duke Energy Corporation andGlobal Energy Inc. (C-292)

In November 1999 it was annpjmced that the Kentucky Pioneer Energy Project will become part of die federal government's Clean Coal

Technology Program. Kentucky PioneerEnergy 1 1Q has replaced the Clean Energy Partners LP as the project participant and hasmoved the site

to a new location inClark County. Kentucky.
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The United States Department ofEnergy has approved the use of $78million in Clean Coal Technology funding as the federal share ofthe

$432-milhon. 400-megawatt project

The federal funding is part ofagreements reached between the United States Energy Department Duke Energy. Corporation ofNorth Carolina.

and Global Energy Inc.. the Cincinnati-based parent company ofKentucky Pioneer Energy. Under the agreements, Global Energy wiU replace

Duke Energy as the department's industrial partner in a Clean Coal Technology project that had encountered siting difficulties in Southern

Illinois. Global Energy agreed to incorporate several unique features into the Kentucky project including tests of advanced fuel cells. The

projectmay also consider the coproduction ofFischer-Tropsch Uquid fuel products.

Plans are to use a site near Trapp. Kentucky, originally slated for a conventional coal-fired powerplant nearly 2 decades aog. Construction at the

East Kentucky Power Cooperative's J.K. Smith site was hatted, leaving an excavated tract wfth plant foundations, an administration building.

railroad spur and connections to the electrical grid

Now the idle 300-acre tractwill become the site for a new integrated gasification combined-cycle powerplant

In the Kentucky Pioneer Energy Project municipal solid waste wjjj be coUected and combined wfth coal to form fuel briquettes for the

gasification process. The project is expected to use the British Gas/Lurgi slagging gasifier technology owned bvGlobal Energy.

When operations begin in 2002. electricity from the plantwill be sold to EastKentucky Power Cooperative under a 20-vear contract

The project is the fourth in the Clean Coal Technology Program to demonstrate coal gasification but die first to be partially fueled bvmunicipal

solidwaste.

KOBRAHIGH TEMPERATUREWINKLER IGCC DEMONSTRATION PLANT - RWE EnergieAG (C-294)

In 1992 RWE EnergieAG, a aster companyofRheinbraun AG, has decided to build a combined-cycle power station wfth integrated gasification
based on the High Temperature Winkler (HTW) technology. Raw brown coal wfth 50 to 60 percentmoisture wiU be dried down to 12 percent

gasified and dedusted wfth ceramic filters after passing thewaste heat boiler. After the conventional scrubber unit the gas wiU be desulphurized

and fed to the combined cycle process wfth an unfired heat recovery steam generator. This project is referred to as KOBRA (in German:

KornbikraftwerkmftBraunkonleuvergastmg, i.e. combined-cycle power stationwfth integrated brown coal gasification).

The capacityoftheKOBRAplant sUghtly exceeded 300 MWe. The fuel gas was produced in this demonstration plant by one air-blown gasifier,
having a throughput of3,800 tons per day ofdried Ugnfte. The gas turbine had a rated capacity ofabout 200MWe, and the overall plant readied
a net efficiency of45 percent

To implement thisproject a task force comprising staffmembers ofbothRWE EnergieAG and RheinbraunAG startedworking in 1992. Permit

engineeringwas completed in late 1993. Building and operatingpermits are expected to be issued in 1995.

Ofcrucial importance for reaching a high overall efficiency is the coal drying systemwhich reduces themoisture content ofthe raw brown coal to

12 percent For this step, Rheinbraun'sWTAprocesswas employed (WTAmeans fluidized-bed dryingwfth internalwaste heat utilization).

To demonstrate the technology, a plant having a capacity of 20 tons per hour of dried Ugnfte was started up in 1992 for testing purposes.

Engineering ofthis projectwas handled byLurgi GmbH.

By the end of1992, aU process engineering criteria had been determined The commissioning ofthe demonstration plant was expected to begin in

mid-1996.

In 1994, RWE EnergieAG decided to postpone the KOBRAdemonstration project and start a three-yearR&D program to determine reliability of

components and processes, to reduce operational and investment costs, and to increase efficiency. This R&D program was started in 1995 and

wiU be finished in 1997.

The experimental activities were performed at the HTW demonstration plant in Berrenrath and the WTA demonstration plant in Frechen. The

targeted improvement ofthe components and processes was achieved. Relative to an industrial-scale KoBra plant an efficiency of 50 percent

would be possible.

Other investigations have shown that an efficiency increase to approximately 50 percent is also feasible by combining efficient drying wfth a
Ugnfte-based power plant wfth optimized plant technology (BoA technology) to yield the so-called BoA-Plus concept which is thus of equal

ecological value to the KoBra technology.

Economically, the BoA technology offers the advantage ofbeinginoreivadify available due to the laigefy
a smaller risk. Therefore, RWE EnergieAG has decided to further pursue the BoA/BoA-Plus technology.
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LANZHOUCOALGASIFICATION PLANT - Lanzhou Cfty, China (C-325)

The Lanzhou gasificationplant located atYaojiemining district in the Gansu Province, started in 1991 to produce 540,000 Nm* oftown gas per

day, by using five Lurgi-type gasifierswfth a diameterof2.8m imported from Czechoslovakia.

As of 1998 six gasification plants,wfth a total of28 Lurgi-type gasifiers imported fromGermany andCzechoslovakia, usingUgnfte or bituminous
coals as feedstock and steam-oxygen as gasification agents, have been buift for producing town gas.

LAPORTE ALTERNATIVE FUELS DEVELOPMENT PROGRAM - Air Products & Chemicals, Inc. and United States Department ofEnergy

(DOE)(C-330)

Air Products and Chemicals, Inc. carried out a 36-month program in 1995-1997 to develop technologies for the conversion ofcoal-derived syn
thesis gas to oxygenated hydrocarbon fuels, fuel intermediates, and octane enhancers, and to demonstrate the most promising technologies in

DOFs Slurry Phase Alternative Fuels Development Unit (AFDU) at LaPorte, Texas. Wfth emphasis on slurry phase processing, die program

drew on the experiences ofthe 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

The program's principal objective is the demonstration ofattractive fuel technologies in the LaPorte AFDU. Certain process concepts such as

steam injection, and providing H2 via in sftu water-gas shift, wiU assist in higher conversions offeedstocks, particularly for higher alcohol
syn-

Air Products has demonstrated die 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, die reactions are carried out in a three-phase system wfth the catalyst suspended in an inert Uquid

medium. TheUquid absorbs the heat that is released asdie chemical reactions occur, allowing the reactions to take place at higher, more efficient

rates and protecting the heat-sensitive catalysts necessary for the conversion process. This results in a 30 to 40 percent increase in the rate of

methanol production.

ProjectCost $35.7million FY95-FY97

UQUID PHASE METHANOL PROCESS DEMONSTRATION - Air Products and Chemicals, ho, Eastman Chemical Company, and U.S.

DepartmentofEnergy (C-335)

Air Products and Chemicals, Inc. andEastman ChemicalCo. are demonstrating the productionofliquid phasemethanol (LPMEOH) under aU.S.

DepartmentofEnergyClean Coal Technology (DOE/CCT)Round 3 award. TheDOE/CCT program is expected to continue until April 2001.

TheUquid phase methanol synthesis process ismore efficient than Ihe conventional gas phase process and is better suft

producedbymodern coal gasifiers. Producingmethanol as a coproduct in combined cycle coal gasification facilities has distinct advantages. The

gasifier can be run continuously at fts most efficient level During periods of low power demand, synthesis gas made by die gasifier would be

converted tomethanol for storage. At peak power demand, thismethanol could be used to supplement the combustion turbine, thus lowering the

size ofthe gasifier thatwould be required ifthe gasifier alone bad tomeet peak electrical demand

The project was originally slated for location at the Texaco Cool Water plant in Dagget California, but was moved to Eastman Chemical

rvwipanyV; final gagjfiratimi facility in Kmggpnrt Tennessee The EastmanChemical sfte offers the advantage ofthe use ofexisting coal gasifiers

wfth littlemodification.

Detailed design ofthe Kingston plantwas completed in 1995; constroctionwas completed in 1997. Operations began inApril 1997 and achieved

the initial performance targets ofproducing 80,000 gallons per day, confirming the 25:1 scale-up ofthe Uquid phase reactors. The methanol

producthasmet all purity specifications.

Online withdrawals of spent catalyst and additions of fresh catalyst slurry have remained successful in maintaining methanol production rates.

Since being restarted wfth fresh catalyst in December 1997. the demonstration facility has operated at greater than 99 percent availability, and

since April 1999 has produced over 45million gallons ofmethanol all ofwhich was accepted by Eastman Chemical Company for use in

downstream chemical processes. The monitoring of all potential catalyst poisons and methods for their removal and control continue to be an

important part ofthe on-going plant operation.

Project Cost $213.7million; $92million provided byU.S. DepartmentofEnergy
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LUNAN AMMONIA-FROM-COALPROJECT - ChinaNational Technical Import Corporation, TengxianCfty, Shandong Province, (C-360)

The ChinaNational Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal gasification project

in the People's RepubUc ofChina. Bechtel provided assistance inprocess design, construction, startup, and operator training for the installation of

a 375 tons per day Texaco gasifier at the 200metric tons ofammonia per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. The

gasifier, put into operation in 1993 and operating under 2.7 Mpa pressure, has replaced an obsolete coal gasification facility wfth the more

efficientTexaco coal slurry gasification process.

In 1996 annual production reached 180,000 tons ofammonia and 280,000 tons ofurea and 13,000 tons ofpotassium carbonate. In 1998, using
bituminous coal as feedstock, the monthly output ofammonia was 13,000 tons, requiring about 1.4 tons of coal for each ton ofammonia, and

ureamonthly output was 27,000 tons.

Two Texaco gasifiers exist one in operation and one on standby. Itwas found that the coal used, wfth fts ash melting point of 1300 to 1.400C.

is not suitable for the refractory brick used in the Texaco gasifiers; hereafter ft is planned to use coal wfth a lower ashmelting point of 1.250 to

1.270*0.

Due to the shortage offertilizer in China, ft is planned to expand the annual production ofammonia to 300,000 tons and urea to 500,000 tons by
the end ofthis century. ANational Coal SlurryGasificationEngineering andResearchKeyCenterwas approved to be established there.

A coal slurry gasification pilot plant operated below 8.5 Mpa. has been set up for gasification trials, evaluation and assessment ofdifferent kinds

ofcoals.

ProjectCost NotDisclosed

MUD GASIFICATION PROCESS DEMONSTRATION UNIT - Coal Technology Corporation and United States Department ofEnergy (DOE)

(C-370)

Since the mid-1980s, Coal Technology Corporation (CTC), formerly UCC Research Corporation, has been investigating die pyrolysis ofcoal

under sponsorship ofDOE'sMorgantown Energy Technology Center. This work initiallywas the development ofa batch process demonstration

unit havinga coal feed capacity of 120 pounds perbatch The process produced coal Uquidsto be used formotor fuels and char to be potentially

used forblast furnace coke and offgas.

In January 1988, DOE and CTC cost shared a $3,300,000 three-year program to develop a process demonstration unit for the pyrolysis of 1,000

pounds/hour ofcoal by a continuous process. Thiswork involved a literature search to seek the best possible process; and then after small scale

work, a proprietary process was designed and constructed The unft began operating in February 1991. Test runs have beenmadewfth a variety
ofcakingbituminous coals and nomajor differences in cokemakingwere observed

In the CTC mild gasification process, coal is heated from ambient temperature to around 400F in the first heat zone ofthe reactor, and then to

800 to 900F in the second heat zone. Lump char discharged from the reactor is cooled in awaterjacketed auger to 300F. At present the char is

stored, but in an integrated facility, the cooled char would then be crushed, mixed wfth binder material and briquetted in preparation for

conversion to coke in a continuous rotary hearth coker. The moisture and volatile hydrocarbons produced in die reactor are recovered and

separated in scrubber/condensers into noncondensibles gases and tiquids.

The coal Uquid, char, and coke (CTC/CLC) mild gasification technology to be demonstrated involves the production of three products from

bituminous caking type coals: coal tiquids for further refining into transportation fuels, char for ferro-alloy production, and formed coke for

foundry and blast furnace application in the steel industry. The CTC/CLC process wiU continuouslyproduce blast furnace quality cokewithin a

completely enclosed system. The coal Uquids wiU be recovered at less than 1,000F for further refining into transportation fuel blend stock and

coal tar for boiler fuel or briquettes.

The processing involves feeding coal intoCTCs proprietarymild gasification retort reactors operating at
the coal and produce a devolatized char. The hot char is fed directly into a hot briquette system alongwfth additional coking coal to form

"green"

briquettes. The green briquetteswiU directly feed into a coking rxocess for final calciningat2,100T to produce blast ft
coke. The small amount ofuncondensed gases wiU be recirculated back through the system to provide a balanced heat source for the mild

gasification retorts and the cokingprocess.

Researchwork on the pilot plant is continuingwfth emphasis on the production of
4"x5"x6"

briquettes for the foundry industry.

The process is now ready for commercial use. Severalmajor companies are in negotiations wfthCTC forUcensing and building commercial coke
plants using the CTC/CLC process. The first commercial plant is permitted to process 60,000 tons ofcoal per year.
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MONGOLIAN ENERGYCENTER - People's RepubUc ofChina (C-390)

One ofChina's largest energy and chemical materials centers is under construction in the southwestern part of Inner Mongolia. The first-phase

construction ofthe Jungar Coal Mine, China's potential largest open-pit coal mine is in fuU swing and had an annual production capacity of

12million tons ofbftuminous coal by 1995. The capital costs account for 10 billion yuan.

The Ih Je League (Prefecture) authorities havemade a comprehensive development plan including a 1.1 billion yuan complex which uses coal to

produce chemical fertilizers. A Japanese company completed a feasibility report

In 1997 the timerMongolian plantwas put into operationwfth an annual production of300,000 tons ofammonia and 520,000 tons ofurea.

hi 1998 theplamproduced_!471000 tons ofammonia and 3J7J)W)tonsofureaonamcqflitybasis.

The region, the southwestern part of timer Mongolia and the northern parts of Shaanxi and Shanxi Provinces, may be China's most important

center ofthe coal-chemical industry and the ceramic industry indie next century.

Fertiliser plant construction cost is 2 billion yuanRMB from the Chinese government and 21.4 billion Japanese yen from the JapanOECF.

NEDOLBITUMINOUS COALUQUEFACTION PROCESS - New EnergyDevelopmentOrganization (NEDO) (C-410)

Basic research on coal Uquefactionwas started in Japanwhen the Sunshine project was inaugurated in 1974, just after the first oil crisis in 1973.

NEDO assumed the responsibility for development and commercialization ofcoal liquefaction and gasification technology. NEDO maintains a

continuinghigh level ofmvestment for coal liquefactionR&D, involving two large pilot plants. The construction ofa 50 tons per day brown coal

Uquefactionplantwas completed inDecember 1986mAustralia.

The pilot plant in Australiawas operated in the project entitled "Victoria Brown Coal Liquefaction
Project"

The properties ofbrown 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-bftuminous and low rank bituminous coals. NEDO had been operating three process development unfts

(PDUs) utilizing three different concepts for bftuminous coal liquefaction: solvent extraction, direct liquefaction, and sotvofysis liquefaction.

These three processes have been integrated into a single process, the so-called NEDOL Process, and NEDO has constructed a ISO tons per day
pilotplant in Japan. The pilot plant located atKasbima, in Ibaraki Prefecture operated for 269 days during 1996-1998.

In the pilot plant bituminous coal is liquefied in the presence of ultrafine natural pyrite. The reactor consists of three bubble column slurry

reactors. 1 meter in diameter, connected in series. The heavy fraction (-538 degrees C) from the vacuum tower is hydrogenated at about

350 degreesC and 100-150 atm in the presence ofcatalysts to produce a hydrogen donor solvent for recycle. Consequently, themajor product is

Ughtoil Residue containing ash is separated by vacuum distillation.

TheNEDO pilot plant began regular runs inMarch 1997 and stopped operation inOctober 1998. Tanftoharum coal and Adaro coal produced in

Indonesia and Ikejima coal in Kyusha, Japan, were used Liquefied oil was obtained at yields of 58 weight percent (dafbasis) wfth 34weight

percent ofC4~220C and 24 weight percent ofheavier fraction, under mild reaction conditions (462^C, 190 kg/cm2, and 3 percent liquefaction

catalyst). Thepilot plantwas successfuUy operated wfth the longest running time of1,920 hours.

Design data have been prepared for 4-meter diameter reactor columns. In 1999 NEDO is planning to design a direct Uquefaction demonstration

plantwfth a capacityof5.000 tons ofcoal per dav.

ProjectCost 70 biltionyen for the pilotplant not including the supporting research

PINON PINE IGCC POWERPLANT - Sierra Pacific PowerQanpany,M.W. KeUoggCompany (C-458)

Sierra Pacific Power Company constructed a 100 MW integrated gasification combined cycle plant at fts Tracy Powerplant site, east ofReno,
Nevada. The plant incorporates an air-blownKRW fluidizedbed gasifierproducing a low-BTU gas for the combined cycle powerplant

Dried and crushed coal is introduced into a pressurized, ah The bed is fluidized by the

injection ofair and steam through special nozzles into the combustion zone. Crushed limestone is added to the gasifier to capture a portion ofthe

sulfur introducedwfth the coal as weU as to inhibit conversion offuel nitrogen to ammonia. The sulfur reacts wfth the limestone to form calcium

sulfidewhich, after oxidation, exits alongwfth the coal ash in the form ofagglomerated particles suitable for landfill

Hot, low-BTU coal gas leaving the gasifier passes through cyclones which returnmost ofdie entrained particulate rn^ The gas,

which leaves the gasifier at about 1,800"F, is cooled to 1,050F before entering the hot gas cleanup system. During cleanup, virtually aU ofthe

remainingparticulates are removedhy ceramic candle filters, and final traces ofsulfur are removedm a. transport reactorwhich circulates snrhent
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In the demonstration project 880 tons per day of coal is converted into 107megawatts; support facilities for the plant require 7megawatts,

leaving 100megawatts for export to the grid The plant has a calculated heat rate of 8,390 BTU per kilowatt-hour (HHV). The project is

designed to run onWestern subbitummous coal fromUtah; operationwftnMgher sulfur and lower rank csoate

TheU.S. Department ofEnergy (DOE) agreed to fund approximately $168million ofthe project cost The project is funded byDOE through the

CleanCoal Technology (CCT) Program, Round 4. Sierra Pacific Power wiU fund the remaining 50 percent The CCT Program is scheduled to

be completed in 2000.

FosterWheelerUSA Corp. has been contracted to provide design, engineering, construction, manufacturing and environmental services for the

project TheM.W. KeUogg Company is providing engineering and certain procurement services.

The permitting process was initiated in 1992. The Public Service Commission ofNevada approved the project on October 25, 1993. A final EIS

was preparedbyDOE and a favorable Record ofDecisionwas issued inNovember 1994. Constructionbegan in February 1995. Commissioning
activities began in June 1996. producing power to the grid inAugust using natural gas as fuel

In early 1999 problemswfth the gasifier forced Sierra to shut ft down. Inspection showed damage to ttig combustion air tube, the coal feed tube

and the refractory liner. Sierra continues to make progress toward achieving integrated operation ofall systems. During a planned plant-wide

outage in the fall Sierra installed a second set of filters in the line which regulates pressure of the Filter Fines Depressurization Hopper-

Operations earlier in the year indicated that one set offilters was not sufficient to handle the fines loading. DOE and Sierra agreed to extend the

cooperative agreement (on a no-cost basis') until January 1. 2001. oruntil divestiture ofthe Pinon Pine facility, whichever comes first Divestiture

ofall generating facilities is a condition of Sierra's July merger wfth Nevada Power. Sierra continues to operate the plant normally in the gas

combined cyclemode.

ProjectCost $375 milhon for four year operating demonstrationproject (construction, operations and process improvements)

POLKPOWER STATION IGCC PLANT - Tampa Electric Company, U.S. Department ofEnergy (C-460)

TampaElectric Company's (TEC) new PolkPower StationUnit #1 uses Integrated Gasification Combined Cycle (IGCC) Technology based ona

Texaco coal gasifier. The project is partially funded by the U.S. Department ofEnergy (DOE) under Round HI of fts Clean Coal Technology

(CCT) Program. In addition to the TEC and DOE, TECO Power Services (TPS), a subsidiary a TECO Energy, Ino, and an affiliate ofTEC, is

also participating in the project TPS is responsible for the overall project management for the DOE portion of this IGCC project The CCT

project is scheduled to be completed in 2001.

The Polk Power Station IGCC project started commercial operations in September 1996. The syngas is burned in a GE 7F combustion turbine-

based power blockproducing 250MW (net). A 100-hour test run inOctober 1996 achieved design values using the cold gas clean-upmode. In

addition, part ofthis DOECCT projectwiU be to test and demonstrate a newbet gas clean-up (HGCU) technology.

The unit is designed to utilize 2.200 tons per dav of coal (dry basis'). The coal is fed to the gasifier as a water slurry. Part ofthe Cooperative

Agreement wfth DOE is a 5-year demonstration phase fending in 2001V During the first 3 years of this period, ten different types of coals or

blendswere tested and compared to the design fuel Pittsburgh #8.

In fts 3 years of commercial operation, through September 1999. the gasifier has operated 15.350 hours and 4.2million megawatt-hours of

electricity have been generated The combined cycle's availability was 9 1 percent for the last 2 years. A continuing problem has been plugging

ofthe convective syngas cooler tubes.

Project Cost $303 million

PRENFLO GASIFICATION PILOT PLANT - KruppUhde (C-470)

Krupp Uhde, a company formed by Krupp Koppers and Uhde, has operated a 48 ton per day demonstration plant and designed a 2,400 ton per

daymodule for the PRENFLO process. The PRENFLO process is KruppUhde's pressurized version ofthe Koppers-Totzek (KT) entrained-flow

gasifier. Detailed engineeringhas been completed for a 1,200 ton per daymodule.

In 1973, Krupp Uhde started experiments using a pilot KT gasifier wfth elevated pressure. In 1974, an agreement was signed between SheU

Internationale PetroleumMaatschappij BV andKruppUhde for a cooperation in the development ofthe pressurized version ofthe KT process. A

demonstration plant wfth a throughput of 150 tons per day bituminous coal and an operating pressure of435 psia was built and operated for a

period of30 months. After completion ofthe test program, SheU and Krupp Uhde agreed to continue further development separately, wfth each

partnerhaving access to the data gainedup to that date. KruppUhde'sworkhas led to the PRENFLO process.

Krupp Uhde has decided to continue developmentwfth a test facility of48 tons per day coal throughput at an operating pressure of30 bar. The

plant was located at Fuerstenhausen, West Germany. In over 10,000 hours of test operation 12 different fuels wfth ash contents of up to
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40 percent were successfuUy used AU fuels used are converted to more than 98 percent and in die case of fly ash recycled to more than

99 percent

ProjectCost Not disclosed

PUERTOLLANO IGCCDEMONSTRATION PLANT - ELCOGAS, S.A. (C-476)

Under the corporation ELCOGAS, S.A., the Spanish utility company ENDESA together wfth EDF/France, IBERDROLA/Spam, Hidroelectrica

del Cantabrico/Spain, SEVJLLANA/Spain, EDP/Portugal ENEL/Italy andNational Power/England are involved in the PuertoUano Project The

project also has the European Economic Commission support, underdie Tnermie Program.

The projecthas a capacity of300MWe (net). The PRENFLO gasification technology ofKrupp Uhde has been chosen for the gasifier.

The plant configuration is single-train throughout Using oxygen and steam, about 100 tons of coal per hourwiU be gasified. The required

oxygen, approximately 90 tons per hour, wifi be produced in a single-train air separation unit The resulting coal gas wiU be dedusted,
desulfurized and saturated in a single-train configuration and then combusted in a single Siemens combustion turbine.

A 50/50 mixture of PuertoUano coal and petroleum coke from the PuertoUano Petroleum Refinery (REPSOL) is the main feedstock for this

project Coals from Spam and otherEuropean countries wiUalso be tested over the 3-year demonstration period

a

SOxEmission values of 10mg/nrti andNOx values of60mg/m n are expected in the exhaust gas (based on 15 volume percent oxygen).

The combined cycle power plant atPuertoUanowas switched into the grid m the first lialfof 1996, fueled inftiaUyw Conversion to

coal gaswiU take place in 1998.

First coal gas was produced inDecember 1997. hi themeantime the plantwas in operation formore than 7.800 hours. First electric power from

coal gas was generated inMarch 1998.

ProjectCost ECU600million

QINGDAOGASIFICATION PLANT - Qingdao, People's RepubUc ofChina (C-478)

Chinahas built a coal gasification plant in the northern cfty ofQingdao in Shandong province. The plant which provides 1 miltionNm5 per day
ofgas, involves two coke-making batteries, a coal preparation plant a thermal power station and 14 gas generators. The plant provides a district

heatingnetwork for the 6.7million person cfty, eliminating hundreds ofcoal-fired boilers and stoves.

The gasification project is part of a $210miltion environmental cleanup program in Qingdao. The Asian Development Bank is financing
$103 million ofthe total costwfthChina providing the balance. The plant began in operation in 1998.

QINGHUANGDAO GASIFICATION PLANT - Qinghuangdao Cfty, Hebei Province, China (C-479)

The plant imported 3 two-stage coal gasifiers, eachwfth a diameter of3.6meters, from the FrenchLGI Co. and put diem into operation in 1992.

Wfth a feed coal capacity of200 tons, the production capacity is 230,000
Nm3 town gas daily. The two-stage gasifier consists ofthe upper stage

as thepyrolysis zone, the lower stage as thewater gas generation zone. The heatingvalue ofgas produced is about 3,000Kcal perNm5.

In 1998. 25 miUionNm* town gaswere produced.

In 1998 the second phase project ofthe plantwas approved bv the Planning Cornmittee ofHeBei Province. Itwas designed to increase the town

gas outputbv 200.000 NmVd The designwork began in 1999.

Qmghuandao CftywiU use a specially designed low-BTU gas heating apparatus for domestic heatinguse.

CapitalCost 200million Chinese yuan for the first phase; 1 1 5million Chinese yuan for the second phase

RHEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinbraun AG, Krupp Uhde GmbH, Lurgi GmbH, German Federal

Ministry forResearch& Technology (C-480)

Rheinbraun andUhde have been cooperating since 1975 on development ofthe High-TemperatureWinkler fhtidized bed gasification process. In

1990 Lurgijoined the commercialization effort
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Based on operational experience wfth various coal gasification processes, especiaUy wfth ambient pressure Winkler gasifiers, Rheinische

Braunkohlenwerke AG (Rheinbraun) in the 1960s decided to develop pressurized fluidized bed gasification, the High-Temperature Winkler

(HTW) process. The engineering contractor for this process isUhde GmbH.

The developmentwas started at the "Institut fur
Eisenhuttenkunde"

ofAachen Technical University in an ambient pressure process development

unit (PDU) ofabout 50 kilograms perhour coal throughput

Based on the results ofpretests wfth this PDU apilotplant operating at pressure of 10 barwas built in July 1978 at theWachtbergplant site near

Cologne. FoUowing an expansion in 1980/1981, feed rate was doubled to 1.3 tons per hour dry Ugnfte. By end ofJune 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 ofoperation. The specific synthesis gas yield reached 1,580 standard cubic meters per ton ofbrown coal (MAF) corresponding to
96 percent ofthe therrnodynamicaUy calculated value. At feed rates ofabout 1,800 kilograms per hour coal the synthesis gas output ofmore

than 7,700 standard cubic meters per hour per square meter ofgasifier areawasmore than threefold the values ofatmosphericWinkler gasifiers.

The phot plantwas shut down inmid-1985.

After gasification testswfth Finnish peat in the HTW pdot plant in the spring of 1984 the Kernira Oy Company ofFinland decided to convert an

existing ammonia production plant atOulu from heavy oil to peat gasification according to the HTW process. The plantwas designed to gasify

approximately 650 tons per day ofpeat at 10 bar and process ft to 280 tons per day ofammonia. This plant startedup in 1988.

Rheinbraun constructed a 30 ton perhour demonstration plant for the production of300miltion cubic meters ofsyngas per year. AU engineering

for gasifier and gas after-treatment includingwater scrubber, shift conversion, gas clean up and sulfur recoverywas performed by Uhde; Linde

AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the she ofRheinbraun's ViUe/Berrenrath briquetting plant is

pipelined toDEA-UnionKraftstoffformethanol production. From startup in January 1986 until October 1997 about 1.54milhon tons ofdried

brown coal were processed in about 66,000 hours ofoperation. During this time, about 2.07 biltion cubic meters ofsynthesis gas were produced

Since 1995 the HTW demonstration plant has been used continuously for feedstock recycling of waste products. The demonstration plant

receivedpermission to co-gasify up to 5 tons perhourwaste plastics and 3 tons per hour ofdried sludge or loaded coke in addition to the nominal

feedstock.

A new pdot plant caUed pressurized HTW gasification plant for pressures up to 25 bar and throughputs up to 6.5 tons per hourwas erected on

the sfte ofthe former phot plant ofhydrogasification and started up inNovember 1989. Frommid-November 1989 to early July 1990, the plant

was operated at pressures between 10 and 25 bar, using oxygen as the gasifying agent Significant features ofthe 25 bar gasification are the high

specific coal throughput and, consequently, the high specific fuel gas flow ofalmost 100 MW per square meter. Inmid-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 ofup to 25 bar, oxygen blown as weU as air blown. Under aU test and operating conditions gasificationwas uniform and trouble free.

Typical results obtained are: up to 95 percent coal conversion, over 70 percent cold-gas efficiency and 50 MWth specific fuel gas flow per square

meter airblown and 79 percent cold-gas efficiency and 105 MWth specific fuel gas flowper square meter oxygen blown.

From February to September 1992 tests wfth a German hard coal and wfth PittsburghNo. 8 coal were successfully performed in the pressurized

HTW gasification plant using oxygen and air as gasification agents as well Within 543 hours ofoperation 728 tons ofhard coal were processed

The pressurizedHTW gasification plantwas shut down inNovember 1992.

The development ofHTW technology is performed in close co-ordination wfth Rheinbraun's sister company, RWE Energie AG, which operates

power stations ofa capacity ofsome 9300megawatts on the basis ofUgnfte. Since this generating capacitywiU have to be renewed after the turn

ofthe century, it is intended to develop the IGCC technology so as to have a process available for the new powerplants. Based on die results of

these tests and on the operating experience gained wfth the HTW pressurized plant a demonstration plant for integrated HTW gasification

combined cycle (HTW-IGCC) power generation is planned wfth a capacity of300 MW ofelectric power. The gas wiU be produced in one air-

blown gasifier. See KOBRAHTW-IGCC Project (C-294).

After successful completion ofa 3-vear research and development program undertaken to improve process steps and components wfth a view to

further IGCC applications, the HTW demonstration plant was decommissioned at the end of 1997. In view ofdie current market prices for

methanol ft is felt that lignite-based synthesis gas productionwiU no longer be economicaUv efficient in the foreseeable future.

Currently an engineering and economic feasibility study for a Czech lignite-based IGCC plant has been completed by Lurgi Krupp Uhde. the

engineering partners for the HTW technology wfth support from Rheinbraun. the HTW licensor. It is intended to replace the old existing

26 fixed-bed gasifiers by twoHTW gasifiers including coal feeding systems, raw gas cooling and hot gas filtration.

ProjectCost Not disclosed

ROSEBUD SYNCOALUPGRADING PROCESS - Rosebud SynCoal Partnership (RSCP) (C-485)

The Advanced Coal Conversion Process (ACCP) being demonstrated in Colstrip, Montana, consists ofthermal processing coupled wfth physical

cleaning to upgrade high-moisture, low-rank coals, producing a fuelwfth improved heatingvalue, ash slaggingpotential and low sulfur content
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The process and product patented at SynCoal has been developed by the Rosebud SynCoal Partnership
States Department of Energy's (DOE) Clean Coal Technology Program The DOE funded 41 percent of the $105 miltion project The

remainder ofdie funding was supplied by the Partnership. Western SynCoal Company (WSC), a subsidiary ofMontana Power Company's

Energy SupplyDivision, is themanaging general partner.

Typical western coals may contain moisture as much as 25 to 35 percent oftheirweight The high moisture and mineral content ofdie coals

reduces their heating value to 5,500 to 9,000 BTU per pound The ACCP process upgrades the coals, reducing their moisture content to

approximately 1 percent and producing SynCoal heatingvalues ofup to 12,000 BTU per pound The process also reduces sulfur content ofthe

coals,which can be as high as 1.5 percent to as low as 0.3 percent

The cooperative agreementwfth theDOE for theACCP demonstration facihtywas rignedmSeptember

The Project has been extended three times, wfth a current project completion date of June 2001. RSCP has proposed a restructuring ofthe

cooperative agreementwhich, iffinalized would significantly expanddie project scope while resuhingmano-cost time extension into 2004.

The ACCP facility is located within one ofthe largest coal mines in the nation Western Energy Company's Rosebud Mine at Colstrip. The

plant is integratedwithin the existing coal-crushing and unft-tramloadoutfacitity. The production unft, having a capacity of 1,000 tons per day
ofupgraded coal is one-tenth the size ofa commercial facilfty and beneffts fromdie existingnune and com

ThroughOctober 1999. over 2.3million tons ofraw cnal have been imcesseA andmw i 5 million fans ofSynCoal h*ve heen produced Nearby
aU ofthe SynCoal products have been shipped to customers. The plant has consistently operated at over 100 percent of fts design capacity and at

fts target 75 percent availability.

RSCP continues to supply different products to a range ofcustomers. SynCoal is being delivered to a cement company, several time companies

and to a bentonite producer. The cement and time industries have found that SynCoal hnproves bom capacity and product qualitymthe^

fired kiln apptications. The steady flame produced by SynCoal appears to aUow tighter process control and imrax>ved prccess optrmizatioa The

bentonite producer has been using SynCoal as an additive in greensand molding product for use in the foundry industry. SynCoal is a very

consistent product in the bentonite industry, aUowing greensand binder customers to reduce die quantity of additive used, and improving the

qualityofmetal castings produced.

hi February 1999 RSCP completed construction ofa Pneumatic SvnCoal Supplemental Fuel Project at Montana Power's Colstrip Unft 2. The

SvnCoal isdeUveredatarateofupto60tonsperliourdirectrvtothree of the unit's pulverizers (20-ton per hour each'). The system has been

performing weU. Colstrip Unft 2 has experienced significant beneffts in improved heat rate, reduced auxiliary load and reduced slag related

limitations. Beneffts ofRSCP include continued operation ofthe ACCP facilfty. support of testing ofDirect Fuel Comparison, and a baseline

evaluation ofSvnCoal as a supplemental fuel

SASOL - Sasol Limited (C-490)

Sasol is renownedworld-wide formajor innovations in Hwagnmg and commercializing proprietary technologies for the production ofhigh-quatity
synthetic fuels such as petrol diesel kerosene, gas and furnace oils from coal Besides the range of liquid fuels, Sasol produces more than 120

chemical products fordie local and internationalmarkets. The company currently suppUes 41 percent ofSouth Africa's liquid fuel requirements.

The unique Sasol process was based originally on a combination ofthe German fixed-bed and the American fluid-bed Fischer-Tropsch processes.

After extensive research on the oil-from-coal process, aimed at improving the plant's cost efficiency, the Sasol Synthol Process was licensed in

1972.

Construction on Sasol's first synfuels plant Sasol One, at Sasolbwgmfne northern Free State was started m 1951. By 1955 this operationwas

marketing petrol as weU as fts first range ofchemicals. During the 1960s, Sasol One produced solvents for paints, butadiene and styrene for

synthetic rubber and ammonia for nitrogenous fertilizer. When Sasol's first naphtha-cracker became operational in the mid-1960s, ethylene for

the plastics industrywas added to the product portfolio.

ASecond Synfuelsplant Sasol Two, tenfolddw size ofSasol One,was constructed in Mpumalanga in northeastern Transvaal between 1976 and

1980. The construction ofSasol Three, almost an exact repUca ofSasol Two, commenced adjacent to the Sasol Two plant in 1979. By the time

the third plant was fully operational in 1982, Sasol had invested RS,800 million in die two Secunda plants. Today these two plants have an

"s*Jm"'d replacementvalue ofR49,082 miltion and are jointly known as Sasol Synthetic Fuels (Pty)Ltd.

In 1993 amajor revamp ofthe Operations Division ofSasol Chemical Industries Ltd. (formerly Sasol One) resulted in the discontinuation ofthe

synfuels production facilities in favor ofthe more lucrative production ofhigher-value chemicals, including ammonia, cresytic acid and other

phenols asweU as specialtywaxes.

Sasol has developed several innovative technologies and process refinements over the past three decades. The most significant of these are the

SasolAdvanced Synthol (SAS) process and the unique three-step Sasol Slurry Phase Distillate (SSPD) process. In June 1995 die first commercial

SAS reactor was operated. The 16 original Synthol circulating fluidized bed (CFB) reactors have been replaced wfth a series of seven new-

generation SAS reactors at an estimated cost ofR1,010million. The seven new reactorswere instaUed in 1999.
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SCHWARZE PUMPE GASIFICATIONOFWASTES - Sekundarrohstoff-Verwertungszentrum (SVZ), Germany (C-495)

SVZ has constructed a plant to convert a mixture of coal and wastes (such as plastics, sewage sludges, rubber, wood, and lacquer and paint

residuals) into synthesis gas. The syngas is converted into methanol Other products from the gasification process are slag, process steam, heat

and electrical energy.

Eight to 14 tons per hour ofthe coal/waste mixture can be converted into syngas using a fixed-bed gasifier battery consisting of seven counter-

current shaft reactors operating at 25 bar and 800 to l^M^C in the presence ofoxygen and hydrogen.

Operation tests indicate that the SVZ process is environmentally acceptable. No dioxans/furans were detected in the syngas using a variety of

wastes as feedstock. Contaminates in the wastewater discharge were at or below the required limits. The slags can be deposited wfth no

environmental problem andmay be used in the construction or ceranucs industries.

An industrial test was carried out in February 1996 using 1,000 tons ofwaste peUets and coal (75:25 mixture) to prove the environmental

acceptance ofthe SVZ process.

Three types ofgasifiers are available at SVZ: the Fixed-Bed Grate (FBGl die British Gas/Lurgi (BGL) and the Multipurpose Gasifier {MPG).

These form the basis for an IGCC coproduction plant that has been operated for 2 years as ofAugust 1999. The plant has a nominal output of

75 megawatts ofelectricftvplus three levels ofsteam. Continuous powerproduction ofover 8.000 hours peryear has been demonstrated

ProjectCost NotDisclosed

SCOTIACOAL SYNFUELS PROJECT - ScotiaResources Limited (C-500)

The original 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 ofthe Point TupperRefinery or near the coal mines. The 25,000 barrels per

day production goal would require approximately 2.5milhon tonnes of coal per year. A contract was completed wfth Chevron Research Inc. to

test the coals in their two-stage direct Uquefaction process (CCLP). A feasibility report was completed and financeabitity options discussed wfth
governments concerned and otherparties.

In 1993, Scotia Synfuels Limited formed a partnership wfth CORPOVEN, S.A. to evaluate coprocessing ofBoscan residuum (wfth high sulfur

and high metals content) and Nova Scotia coal This program was supported by the Nova Scotia government Hydrocarbon Research Inc. was

again contracted for a bench test program. Hydrotreatment tests ofthe hydrocarbons from the HRI coprocessing program were contracted to the

CANMET laboratories. Bantrel Inc. was engaged to modify the process design developed in the 1989 program to reflect the new feedstocks.

Economic analysis indicated that a coprocessing plant based on Boscan Crude and Nova Scotia coal would be attractive at oil prices of about

$US18 perbarrel

In the recent program two plant cases of 14,000 barrels/day and 19,000 barrels per day ofpetroleum products were developed. The products

consisted ofhigh quality naphtha (34%); #2 diesel fuel (56%) and low sulfur heavy distillate (10%). Coal conversion in the coprocessing tests

was in excess of90 percent and residuum conversionwas in excess of85 percent

Scotia is currentiy rescoping the synthetic fuels project to improve economics ofthe synthetic fuels plantby the use ofmethane to produce the co-

process plant hydrogen requirements. Other improvements to be evaluated include a higher space velocity through the co-processor reactor and

investigationofseveral new sftes.

ProjectCost Approximately $2.5 milhon for the feasibility study
Approximately C$500miltion for the plant

SHOUGANGCOALGASIFICATION PROJECT - Shoudou Iron and SteelWorks, Beijing, People's Republic ofChina (C-527)

The Shougang Iron and Steel Works has provided town gas forBeijing Cfty since 1984. beginningwfth daily output of50.000 Nm*. and bv 1999

the daily output increased to 700.000 Nm3. and accounted for 25 percent oftotal supply oftown gas in Beijing

In 1999 Shougangused a new type ofdesulfurizing agent for upgrading the town gas delivered. The hydrogen sulfide content in the town fps was

decreased to 8 mg/Nm3.much lower than the limitation value forBeijing town gas (20 mg/Nm3').

m addition. Shouganghas imported Texaco coal gasification equipment but as of 1999 ft has not been put into operation.
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SOUTHKOREA IGCC PROCESS DEVELOPMENTUNIT - Energy Systems Research Center (ESRC) AnjouUniversity (C-545)

Electric power requirements ofKorea are projected to increase by 133 percent within the next decade. Since Korea lacks natural resources for

power generation, the use of imported coal is expected to increase dramatically. ESRC was selected to evaluate IGCC as ameans ofproviding

Korea's increasedpower needs. In 1993, ESRC selected IGT to design a 3 tons per day Bench-Scale Unit (BSU) leading to the future design and
installation ofa 10 MW ProcessDevelopmentUnft (PDU).

In 1994 die Institute for Advanced Engineering (IAE), a R&D cooperative ofthe Daewoo Business group, joined as co-funders ofthe project

Shakedown tests of the BSU facility were completed in 1995 using Alaskan UsibelU subbftuminous coal as the feedstock. IAE continued to

conduct gasification tests at theBSU facilfty and plans to continue testing coals from Alaska, China and Indonesia through 1998.

ProjectCost n/a

SYNTHESEGASANLAGE RUHR (SAR) - RuhrkohleOel andGas GmbH andHoechstAG (C-560)

Based ondie results ofthe pressurized coal-dust gasificaticoptiotplam using the Texaro 1978 to 1985, the

industrial gasification plant Synthesegasanlage Ruhr has been completed onRuhrchemie's sfte atOberhausen-Hoften.

The 800 tons per day coal gasification plant began operation in August 1986. The coal gases produced have die quality to be fed into die

Ruhrchemie's oxosynthesis plants. The gasification planthas beenmodified to allow for inprtafeftherhard coal orheavy oti residues. Tbe initial
mvestment was subsidized by die Federal Minister of Economics ofthe Federal RepubUc of Germany. The Minister of Economics, SmaU

Business andTechnologyofme State ofNorth-Rhine Westphaliaparticipatesm the coal costs.

Project Costs: DM220miltion (Investment)

TAIYUANCOKINGAND CHEMICALPLANT - TaiyuanCfty, Shanxi Province, China (C-562)

One set ofcoke ovens was built in 1975 at the Taiyuan Coking and CS^micd Plant alro caUed ShanxiCoking and Chentical Plant In 1992 an

additional set ofcoke ovens was constructed. Total producing capacity is 300,000 tons ofmetallurgical coke per year, and 120,000
Nm3

oftown

gas dairy,wfth coal tar, benzene, naphthalene, pitch and fuel oil as by-products. In 1994die plantwas expanded to produce 600,000 tons ofcoke,
26,000 tons ofcoal tar, 8,000 tons ofcrude benzene and 200millionNm? ofcoke oven gas. Halfofthe gas was used to produce 83,000 tons of

urea; halfwas sold as town gas. The plant created about 400 milhon Chinese yuan total product income and showed a profit of 10million

Chinese yuan. In 1996 the company delivered 300million
Nm3

oftown gas, die total product income accounted for alxHft 500 iniUionyu^

In 1998 reconstruction ofthe coke ovens took place wfth expenditure of200milhon yuan (RMBY The coke ovens passed the review testing

organized bvdie National CokingAssociation.

It is planned by die end of this century, that 2 more sets of coke ovens witi be constructed and the producing capacity wiU expand to

1300,000 tons ofcoke annuaUy and 335,000
Nm3

town gas dairy.

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd (C-590)

Ube Industries, Ltd, ofTokyo completed die world's first large scale ammonia plant located in Ube Cfty, Japan, based on die Texaco coal

gasification process (TCGP) in 1984. There are four complete trains ofquenchmode gasifiers in the plant In normal operation three trains are

used wfth one for stand-by. Ube beganwfth a comparative study ofavailable coal gasification processes in 1980. In October ofthat year, tbe

Texaco process was selected 1981 saw pilot tests run at Texaco's MontebeUo Research Laboratory, and a process design package was prepared

in 1982. Detailed design started in early 1983, and sfte preparation in themiddle ofthat year. Constructionwas completed injust over one year.

The plant was commissioned in Jury 1984, and the first drop of liquid ammonia from coal was obtained in early August 1984. Those

engineering and constructionworks and comnnssionmgwere executed byUbe's Plant Engineering Division. Ube installed the new coal gasifi

cation process as an alternative "front
end"

ofdie existing steam reforming process, retaining the original synthesis gas compression and ammonia

synthesis facility. The plant thus has a wide range offlexibility in selection of raw material depending on any future energy shift It can now

produce ammonia from coals and petroleum coke as required.

The 1,650 short tons per day gasification plant has operated using four kinds of coal-Canadian, Australian, Chinese, and South African, and

about twenty kinds ofpetroleum coke.

Over 5.4million tons offeed including 2.1 million tons ofpetroleum coke, had been gasified by June 1996. The overaU cost ofammonia is said

byUbe to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant is expected to be even more

advantageous ifthe price difference between crude od and coal increases.
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In September 1997 Ube diverted fts feedstock from coal plus petroleum coke to 100 percent petroleum coke. Operations have proceeded

smoothly. In addition, slurries from sewage sludge andmunicipal wastes from the demonstration plant are mixedwfth the petroleum coke slurry

and gasified in the commercial plant

Project Cost 25 biltion Yen forUbe plant

WABASH RIVERCOALGASIFICATION REPOWERINGPROJECT - Global Energy, and PSI Energy Inc. (C-614)

Located inWest Terre Haute, Indiana, the project repowers one ofthe six units at PSI Energy's Wabash River power station. The repowering

scheme uses a single train, oxygen-blown Destec gasification plant & new GE 7FA gas turbine wfth HRSG and the existing steam turbine in a

new integrated gasification combined cycle configuration to produce 262megawatts ofelectricity from 2,553 tons per day ofhigh sulfur Illinois

basinbftuminous coal Dynegy and PSI signed a 25 year contract The plant is designed to substantially out-perform the standards established in

the CleanAirAct Amendments for the year 2000. The DOE Clean Coal demonstration period for the project lasted for 3 years after plant startup

in 1995.

The IGCC system consists ofDestec's two-stage, entrained-flow coal gasifier, a gas conditioning system for removing sulfur compounds and

particulates; systems ormechanical 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; aU necessary coal handling

equipment; and an existingplant steam turbine and associated equipment

The demonstration has resulted in a combined-cycle powerplantwfth low emissions and high net plant efficiency. The net plant heat rate for the

new, repowered unit is 8^10 BTU per kilowatt-hour HHV, representing a 20 percent improvement over the existing unft while cutting S02 by
greater than 98 percent andNOx emissionsby greater than 85 percent

The projectwas selected for fundingunderRound IV oftheU.S. I^epartmem ofEnergy^ (DOE)CleanCod TechnologyProgram

Construction began in September 1993. Startup and testingwere completed and commercial operation beganNovember 1995. In the first two

years of commercial operation, the facilfty met or surpassed targets for sulfur removal efficiency, syngas output and gas turbine and coal

conversion efficiency. InNovember 1998 a 30-day consecutive production recordof 98 percent capacitywas set

The plant surpassed 10.000 hours ofcoal operation and 1 minion tons ofcoal processed in September 1998. Approximately 20.000 tons ofan

alternate fuel petroleum coke (wfth 5 percent sulfur content), has been gasified wfth favorable performance and environmental results. Future

tests are scheduledwfth biomass feedstock.

A combustion turbine compressor failure occurred inMarch 1999. The plant resumed operation in June.

In 1997 Destec Energywas purchased bv NGC Corporation. NGC changed its name to Dvnegy Inc. in 1998. hi 1999 Global Energy Inc. of

Cincinnati. Ohio, acquired all ofDynegy's gasification technology and fts interests in theWabash plant

ProjectCost $412million (includes powerplant and ASU)

WILSONVILLE POWER SYSTEMS DEVELOPMENT FACILITY (PSDF) PROJECT - Southern Company Services, Inc. and United States

Department ofEnergy (C-617)

The facility is located at the Southern Company's Clean Ctal ResearchCentermWilsonviUe, AL. It is sized to feed 104 tons per day of Illinois

No. 6 bituminous coal wfth aPowderRiver subbftuminous coal as an alternate coal

The PSDF wiU consist of five modules for systems and component testing. These modules include an Advanced Pressurized Fluidized Bed

Combustion (APFBC)Module, andAdvanceGasifierModule,Hot Gas CleanupModule, Compressor/TurbineModule, and a Fuel CeU Module.

The PSDF provides a flexible test facility that can be used to develop advanced power system components, evaluate advanced turbine and fuel ceU

system configurations, and assess the integration and control issues ofthese advanced power systems. The facilfty would provide a resource for

rigorous, long4erm testing and performance assessment ofhot stream cleanup devices in an integrated environment permitting evaluation ofnot

only the cleanup devices but also other components in an integrated operation. The advanced gasifiermodule involvesMW. KeUoggfs 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 nominaUy 2 tons per hour ofcoal to deliver 1,000 ACFM ofparticulate laden gas to the

PCD inlet over the temperature range of 1,000 to 1.800T at 300psig.

The second-generation APFBC process is capable of achieving 50 percent net plant efficiency. The APFBC system designed for the PSDF

consists ofa high pressure (170 psiaXmedium temperature (1,600"F) carbonizer to generate 1,500 ACFM of low-BTU fuel gas and a circulating
PFBC (operating at 150 psia, 1,600F) generating7,500 ACFM combustion gas. The coal feed rate to carbonizerwiU be 2.75 tons per hour, and

wfth limestone, a Ca/S molar ratio of 1.75 is required to capture 90 percent ofthe sulfur in the carbonizer/CPFBC. The gas exiting from the

carbonizer and theCPFBC is filteredhot to remove particulates prior to the topping combustor.
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Project Cost $271 million including operation through 2001, 80%byUS. Department ofEnergy

WUJINGTRIGENERATIONPROJECT - Shanghai Coking and Chemical Plant People's Republic ofChina (C-620)

Shanghai Coking and Chemical Plant (SCCP) has built a trigeneration project to produce coal-derived fuel gas, electricity, and steam. The

trigeneration plantwas constructednear the Shanghai Coking and Chemical plant inWujing, a suburb smith ofShanghai SCCP contractedwfth

Bechtel on June 6, 1986 to conduct a technical and economic feasibility study ofthe project

The project consists of coal gasification facilities and other processing units to be instaUed and operated wfth die existing coke ovens in the

Shanghai Coking and Chemical Plant The facility produces 1.7miltion cubicmeters per day of3,800 Kcal per cubic meter oftown gas; 60,000
kilowatt-hours ofelectricity per year, 100metric tons per hour of low pressure steam; and 200,000metric tons per year of99.85 percent purity
chemical grademethanol 50,000 metric tons per year ofacetic anhydride, and 50,000metric tons per year ofcellulose acetate. The project was

constructed in three phases, hi Phase 1, the production plan is further divided into 2 stages, hi tbe first stage, 1.7million cubic meters per day of
town gas are produced. The second stage produces 200,000 tons per year ofmethanol

InNovember 1991, SCCP and Texaco Development Corporation signed an agreement for Texaco to provide gasification technology. In 1995

two Texaco coal slurrypressurized gasifiers andmethanol systemswere put into operation,wfth a dairy production of 1,700,000
Nm3

oftown gas

and 600 tons ofmethanol In 1997 three Texaco gasifiers were operated and one is on standby. The operating conditions are 4.0 MPa and

1J370C. wfth the dairy consumptionof1.500 tons ofcoal feedstock and daily production of2.2 rnilUonNm3 town gas. ThroughMarch 1999 the

total operating time ofthe four gasifiers was 45.600 hours. The longest operation period for one gasifier reached 1.600 hours. Coal carbon

conversion efficiency is 94.8 percent

The IGTU-GAS processwas selected to provide fuel gas to an existing battery ofcoke ovens, freeing up the higher heating value coke oven gas
for blending into town gas. Commissioning ofdie U-Gas facility, designated as Gas Plant No. 2 by SCCPG, was begun the FaU of 1994, wfth
tightoff of the first gasifier completed on December 16, 1994. Construction for Phase 1 of the overaU Trigen Project was completed on

December 28, 1994, and gas productionwas initiated in early 1995.

SCCPGsGas PlantNo. 2 is the first commercial installationbased on IGTsU-GAS Process. The plant utilizes a low pressure, air blown version

ofthe U-GAS Process. The total plant feed capacity is 800 tonnes per day ofShen Fu coal a low-ash, low-sulfur bftuminous coal from Shaanxi

Province. Coal is transported to the plant by barge via the Huangpu River adjacent to the plant Central coal unloading and storage facilities

service both theU-GAS andTexaco gasification plants.

The U-GAS gasification section includes eight paraUel gasification trains, each consisting ofa coal feed lockhopper system, 2.6meter diameter

gasifier, bottom-ash and fly ash removal lockhoppers; waste heat recovery section, andwet scrubber. Each train processes 130 tonnes per day of

coal and produces 500,000 Nm3 per day offuel gas. During normal operation, six gasifiers are operated and two are on standby, for a total plant

gas productionof3millionNm3 per day oflow heating value industrial fuel gas (5,500 KJ/Nm3).

The fuel gas is used to fire SCCPG's No. 5 Coke Oven Battery, which produces 450,000 tonnes per year ofmetaUurgical coke and 0.5 miltion
Nm*

per day oftown gas. In a typical coke oven operation, after cleaning to remove sulfur, oils and tars, approximately halfofthe cleaned coke

oven gas is recycled for use in firing the coke ovens themselves. The remaining gas is available for blending into residential town gas. By using
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the fuel gas produced from the U-GAS gasifiers to fire the coke ovens, the supply ofresidential town gas is approximately doubled, satisfying the

residential heating and cooking needs ofan additional 600,000 families in Shanghai In 1996 SCCP produced 870 miltion
Nm5

of town gas-

about 50 percent ofthe total used in Shanghai

Due to increased demand for electric power in the rapidly expandingWujingplant SCCPG is currently evaluating the use ofa portion ofthe
U-

GAS plant's fuel gas production for combined-cycle power generation. The proposed power plant is expected to generate an additional 70MWe

for usewithin theWujingplant

In 1998 thewastewater, exhaust gas andwaste sludge discharged from the Texaco gasifiers, U-Gas gasification andmethanol plantswere treated

tomeet the environmental protection regulations.

In 1998 town gas supplied bv Shanghai Coking and Chemical Plant accounted for about 60 percent of the total town gas consumption for

Shanghai Cfty.

SCCPwiU import other advanced technologies and create foreignjoint ventures at later stages for the production ofacetic anhydride, formic acid,

cellulose acetate and combined cycle power generation.

ProjectCost 2 biltion yuan

XUZHOUAND TANG SAN COALUNDERGROUNDGASIFICATION TEST - ChinaMiningUniversity (C-619)

A new underground coal gasification process, developed by ChinaMiningUniversity, was put into commercial test in 1995 atXu Zhou Mining

Bureau, He Bei province, and in 1996 at Tang San Mining Bureau, Jiang Su province. The coal gas obtained has a heating value of 3,800

kcal/m3, containing 10 to 20 percentmethane and 45 to 65 percent hydrogen.

In 1997 and 1998 YiLan Mining Bureau. Heilongjiang Province, and He Bei Mining Bureau. HeNan Province also conducted underground

gasification tests. The He Bei underground gasification process gasified 40 tons ofcoal per dav. producing low calorific producer gas.

YANTAI IGCC PROJECT - State Power Corporation ofChina (C-615)

hi China the State Power Corporation has submitted a proposal to the State Planning Commission for a 400-megawatt project at Yantai

Shandong Province. Other IGCC projects are also being discussed for China. If the Yantai project is successful then ft is expected that IGCC

could start to be commercially deployed after 2010.

YUANDIRECTUQUEFACTION PROJECT - (C-621)

A feasibility study from 1997 to 2000 is being conducted in Chinawfth the cooperation ofJapanese institutions for budding a large plant ofcoal

direct Uquefaction. The plant wiU be set up in Yilan coal district in Heilongjiang Province, wfth the capacity ofproducing 7 miltion barrels of

synfuels annually. Eighteen Japanese companies, including Japan IronWorks, wiU participate in this coverture wfth the Chinese government

institutions.

In 1998 YiLan coal was used for a directUquefaction test in a Chinese 0.1-ton per dav apparatus and also in a Japanese 1-ton per dav pilot plant

The od yieldwas 52 to 57 percent ofdie coal feed

In 1999 a preliminary feasibility report was being prepared

CapitalCost Estimated: $300 biltion Japanese yen

YIMACITYCOALGASIFICATION PROJECT - Henan Provincial Government and Central Government ofChina (C-622)

A coal gasification plant is scheduled to be located near Yima Cfty in Henan Province, China. Funding has been provided by the Australian

government die Henan Provincial Government and Central Government ofChina. Total capital cost is about 2.9 biltion yuan (RMBY

It is planned to use low-grade coal for three Lurgi pressurized gasifiers to make gas, foUowed by converting to syngas for Fischer-Tropsch

Synthesis by usingUS Lantac slurry bed technologywfth 2.5 Mpa, 260"C and iron-based catalyst Annual production is planned to be: naphtha

9,000 tons, tight oU 3,000 tons, diesel oil 11,000 tons, paraffmicwax 21,000 tons, and the residual gas to be used as town gas (31,000 Nm3
per

hour) for supplyingmore than 0.5 million homes for Zbengzhou, Laoyuang andYimaCfty.

The basic designwas approved in 1995, and detailed designworkwas scheduled to begin in 1996.
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A town gas pipeline distribution system for Zbengzhou Cfty wfth a daily supply capacity of about 450,000 NmVday was begun in December

1997 andwiU be buitt byOctober 1999. The capital cost for this pipeline system is about 480miltionChinese yuan.

The Yima Coal Mine Bureau in 1998 conducted an underground coal gasification test for producing low calorific coal gas.

YUNNANKAIYUAN CHEMICAL FERTILIZERS PLANT - Kai YuanCfty, Yunnan Province, China (C-625)

In the 1970s, a chemical fertilizer plant was set up in Kai Yuan Cfty, Yunnan province by using four Lurgi pressurized gasifiers each having
2.7meter diameters. Xiao LongTan brown coal was used as feedstock. Syngas production was 7,500 Nm3 for each gasifier. Gas consumption

perton ofammonia producedwas about 3,200 Nm3 (2.8 tons ofbrown coal are required for 1 ton ofammonia).

In recent years, the plant has been expanded. In 1996 the annual production of ammonia reached 110,000 tons and ammonium nitrate

160,000 tons, wfth coal chemicals 8,000 tons, electricity 180miltion kWh, oxygen 47,000,000
Nm3

and cfty gas 6,000,000 Nm*. In 1997

monthlyproduction ofammonia reached 13,000 tons. In 1998 ft feU to 7,300 tons.

In 1998 reconstruction ofthe plant tookplacewfth the expenditure of 180million yuan (RMB).

YUNNAN PROVINCECOALGASIFICATION PLANT - KunmingCfty, Yunnan Province, China (C-630)

China is enlarging a coal gasification plant inKunming, Yunnan Province, thatwiU produce about 220,000 cubic meters ofcoalgas per day. Joe

NgEngineeringofOntario, Canadahas been contracted to design and equip the plantwfth the help ofa $5 million loan from the Canadian Export

Development Corporation.

YUNNANXIANFENG LIGNITE DIRECT LIQUEFACTION - BeijingResearch Iiistftute ofCoal Chemistry (BRICC) and Chinese Coal Research

Institute (CCRI) (C-640)

BRICC andCCRI have conducted theYunnanXianfengUgnfte directUquefaction research in a 0.1 ton per day continuous lab-scale unft. Based

on the laboratory results, a preliminary feasibility study was published in 1996 to process 1.7 million tons of low-cost Xianfeng Ugnfte. Initial

rate ofreturn is expected to be 12.5 percent

Operatingat 25 Mpa pressure and 440 to 500*C, the direct liquefaction process is expected to produce oil yields of57 to 60 percent and gas yields

of 13 to 16 percent Annual production is expected to be: gasoline, 150,000 tons; diesel fuel 450,000 tons; phenols, 68,000 tons; liquefied gas,
44,000 tons; ammonia, 28,000 tons; sulfur, 12,000 tons.

GermanMining Research and Measuring Technology Company and the German Luhr Company signed an agreement wfth CCRI for a project
"Feasible Study on Commercial Plant forXiangfeng Lignite Direct Liquefaction Using IGOR

Technology."
In 1998 BRICC sent a Xiangfeng

Ugnfte sample to Germany for a PDU test

In 1999 a feasibility report was beingprepared It is intended for the project to build a demonstration direct Uquefaction plant to process annually

2.570.000 tons coal for Uquefaction and 2.530.000 tons for gasification, and to produce annually 352.400 tons ofgasoline. 530.400 tons ofdiesel

fuel 67.500 tons ofliquefied petroleum gas. 39.000 tons ofammonia. 25300 tons ofsulfur, and 8.800 tons ofbenzene.

CapitalCost 4.33 biltion Chinese yuan (estimated)
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COMPLETED AND SUSPENDED PROJECTS

Project

A-CValleyCorporation Project

ACME CoalGasificationDesulfuringProcess

Acurex-Aerotherm Low-BTUGasifier

for Commercial Use

ADL ExtractiveCokingProcess

Development

Advanced Coal Liquefaction Pdot Plant

atWilsonviUe

AdvancedFlashHydropyrolysis

AECI Ammonia/Methanol Operatic

AgglomeratingBurner Project

Air Products SlaggingGasifier

Project

Alabama Synthetic Fuels Project

Amax/EERCMUdGasification

Demonstration

AmaxCoal Gasification Plant

Appalachian Project

AquaBlackCoal-Water Fuel

Arkansas Lignite Conversion

Project

Ash AgglomeratingGasifier PDU

AshAgglomeratingGasifier Project

Australian SRC Project

Beach-Wibaux Project

Beacon Process

BeU HighMass FluxGasifier

Sponsors

A-C VaUeyCorporation

ACME PowerCompany

Acurex-AerothermCorporation

Glen-GeryCorporation

United States DepartmentofEnergy

ArthurD. Little, Inc.

Foster-Wheeler

United StatesDepartmentofEnergy

Amoco, Inc.

Electric PowerResearch Institute

United StatesDepartment ofEnergy

Rockwell International

US. Department ofEnergy

AECI Ltd

BatteUeMemorial Institute

United StatesDepartment ofEnergy

Air Products andChemicals, Inc.

AMTARInc.

AppliedEnergetics Inc.

Amax, Inc.

North DakotaEnergy&Environment Research Center

AMAX, Inc.

MW.KeUoggCo.

United States Department ofEnergy

GallagherAsphaltCompany
StandardHavens, Inc.

Dow Chemical Company,
Electee Inc.

International PaperCompany

Shanxi Institute ofCoal Chemistry

Shanxi Institute ofCoal Chemistry

CSRLtd

Mitsui Coal Development Ply, Ltd

See Termeco SNG from Coal

Standard Oil Company (Ohio)
TRW, Inc.

BeU AerospaceTextron

Gas Research Institute

United States Department ofEnergy

LastAppearance in SFR

June 1984; page 4-59

June 1994; page 4-52

September 1981; page 4-52

March 1978; page B-23

March 1994; page 4-56

June 1987; page 4-47

June 1994; page 4-52

September 1978; page B-22

September 1985; page 4-61

June 1984; page 4-60

March 1994; page 4-57

March 1983; page 4-85

September 1989; page 4-53

December 1986; page 4-35

December 1984; page 4-64

January 1999; page 4-46

January 1999; page 4-47

September 1985; page 4-62

March 1985; page 4-62

December 1981; page 4-72

4-72

THE SYNTHETIC FUELS REPORT. JANUARY 2000



STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

BelugaMethanol Project

Berau Process Derived Fuel

(PDF) Project

BEWAGGCC Project

BGL SlaggingGasifier Project

BI-GAS Project

Bottrop DirectCoal Liquefaction
Pdot Plant Project

Breckinridge Project

BRICC Coal Liquefaction Program

Cook InletRegion, Inc.

PlacerU.S. Inc.

TEK-KOL Partnership
P.T. Berau Coal

Mitsubishi Heavy Industries Ltd

BEWAGAG

Energie-AnlagenBerlin GmbH

Lurgi GmbH

RuhrkohleOel undGas GmbH

BGPlc

United StatesDepartmentofEnergy

RuhrkohleAG

VebaOel AG

MinisterofEconomics, SmaU Business andTechnology
of1he State ofNorth-RhineWestphalia

Federal Minister ofResearch andTechnologyofGermany

Bechtel Petroleum, Inc.

BeijingResearch Institute ofCoal Chemistry

LastAppearance in SFR

December 1983; page 4-77

January 1999; page 4-47

June 1994; page 4-53

January 1998; page 4-41

March 1985; page 4-63

January 1995; page 4-48

December 1983; page 4-78

March 1992; page 4-50

BritishCoal Liquid Solvent Extraction

Project

BrokenHiU Project

BrookhavenMild GasificationofCoal

Burnham Coal Gasification

Project

Byrne CreekUndergroundCoal

Gasification

CalderonEnergyGasification Project

Calderon Fixed-Bed SlaggingProject

CamdenCleanEnergy Project

CarbonCountyUnderground Coal

Gasification (UCG) Project

Car-MoxLow-BTU Gasification

Project

Catalytic Coal Liquefaction

CaterpillarLowBTUGas From Coal

Celanese Coastal Bend Project

BritishDepartment ofTrade and Industry
EuropeanEconomic Community
RuhrkohleAG

Amoco

Exxon

Broken HiU Proprietary CompanyLtd

BrookhavenNational Laboratory
United StatesDepartment ofEnergy

El Paso Natural GasCompany

Dravo Constructors

World Energy Inc.

Calderon Energy Company
United States DepartmentofEnergy

Calderon EnergyCompany

Camden Clean Energy Partners Ltd Partnership

Carbon CountyUCG, Inc.

FikeChemicals, Inc.

GulfResearch andDevelopment

Caterpillar TractorCompany

Celanese Corporation

January 1999; page 4-48

June 1994; page 4-54

June 1994; page 4-55

September 1983; page 4-62

March 1987; page 4-90

January 1995; page 4-49

December 1985; page 4-73

January 1995; page 4-50

January 1996; page 4-42

March 1980; page 4-53

December 1978; page B-25

September 1988; page 4-55

December 1982; page 4-83

4-73
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDEDPROJECTS (Continued)

Project

Celanese East Texas Project

CentralArkansas Energy Project

Central Maine PowerCompany
Sears Island Project

Charfuel Project

ChemicallyActive FluidBed Project

Chemicals from Coal

CherokeeClean Fuels Project

Chesapeake Coal-Water Fuel

Project

China One Clean Coal Project

Chiriqui Grande Project

Chokecherry Project

CIGAS Gasification Process Project

CircleWest Project

CIVOGAS AtmosphericGasification

PdotPlant

Clark Synthesis Gas Project

Clean Coke Project

Coalcon Project

Coalex Process Development

Coalplex Project

COGA-1 Coal-to-Fertitizer Project

Sponsors

Celanese Corporation

Arkansas Power&LightCompany

CentralMaine PowerCompany
General Electric Company
Stone &Webster Engineering
Texaco Inc.

NewWorld Energy

Central& Southwest Corporation (four utility companies)

Environmental ProtectionAgency (EPA)
FosterWheelerEnergyCorporation

DowChemical USA

United States Department ofEnergy

Bechtel Corporation

Mono Power Company
PacificGas& Electric Company

RockyMountain Energy

ARC-COAL, Inc.

Bechtel PowerCorporation

COMCO ofAmerica, Inc.

DominionResources, Inc.

SGI International

Mitsubishi Heavy Industries (MHI)

Ebasco Services, Inc.

United States State Department (Trade&Development)

Energy Transition Corporation

Fundacao de Ciencia e Tecnologja (CIENTEC)

Meridian Minerals Company

Fundacao de Ciencia e Tecnolgia (CIENTEC)

Clark Ofl and Refining Corporation

United StatesDepartmentofEnergy
US. Steel

USS Engineers and Consultants, Inc.

Union Carbide Corporation

Coalex Energy

AECI

COGA Industries, LLC

Unicorn Resources Inc.

NorskHydro a.s.

LastAppearance in SFR

December 1982; page 4-83

June 1984; page 4-63

June 1984; page 4-63

January 1996; page 4-42

December 1983; page 4-40

March 1978; pageB-24

September 1981; page 4-55

March 1985; page 4-64

January 1995; page 4-51

June 1987; page 4-51

December 1983; page 4-81

January 1996; page 4-44

September 1986; page 4-58

January 1996; page 4-44

December 1982; page 4-85

December 1978; page B-26

December 1978; page B-26

December 1978; page B-26

January 1996; page 4-44

January 1998; page 4-43
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors

COGAS ProcessDevelopment

Colombia Coal Gasification Project

Colstrip Cogeneration Project

ColumbiaCoalGasification

Project

CombinedCycle CoalGasification

EnergyCenters

COGAS Development (Company, a joint venture of

ConsolidatedGas Supply Corporation

FMC Corporation

Panhandle Eastern Pipeline Company
TennesseeGas PipelineCompany

Carbocol

Bechtel DevelopmentCompany

Colstrip EnergyLimited Partnership
PacificGas andElectricCompany
RosebudEnergyCorporation

ColumbiaGas System, Inc.

ConsumerEnergyCorporation

Commercial Liquids-From-Coal (LFC) Plant ZeiglerCoal HoldingCompany

Composite Gasifier Project

Conoco PipelineGasDemonstra

tion Plant Project

CoolWaterGasification Program

Cordero CoalUpgradingDemonstration

Project

British GasCorporation

British Department ofEnergy

Conoco CoalDevelopmentCompany
ConsoUdatedGas Supply Company
Electric PowerResearch Institute

GulfMineral ResourcesCompany
NaturalGas Pipeline Co. ofAmerica

Panhandle Eastern Pipeline Company
SunGasCompany
Tennessee Gas Pipeline Company
Texas Eastern Corporation

TranscontinentalGas PipelineCorporation

Unfted States Department ofEnergy

Bechtel Power Corporation

Ensure State ElectricEnergyResearch Corporation

Electric PowerResearch Institute

General Electric Company
Japan CoolWater Program Partnership
Sohio Alternate Energy
Southern California Edison

CorderoMiningCompany

LastAppearance in SFR

December 1982; page 4-86

January 1995; page 4-53

December 1990; page 4-59

September 1982; page 4-72

December 1982; page 4-86

January 1999; page 4-49

September 1981; page 4-56

September 1981; page 4-57

September 1989; page 4-58

January 1995; page 4-53

Cordero Formcoke Plant

Corex IronMakingProcess

Cresap Liquid Fuels Plant

Crow Indian Coal Gasification

Project

Crow Indian Coal-to-Gasohne

Project

Kennecott Energy
PURON

KorfEngineering

Fluor Engineers andConstructors

United States Department ofEnergy

Crow Indian Tribe

Unfted StatesDepartment ofEnergy

Crow IndianTribe

TransWorld Resources

January 1996; page 4-45

March 1990; page 4-51

December 1979; page 4-67

December 1983; page 4-84

September 1984; page C-8
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDEDPROJECTS (Continued)

Project

CTC ContinuousMild Gasification Process

DanishGasification Combined

Cycle Project

DeSotaCounty,Mississippi

Coal Project

DowCoal Liquefaction Process

Development

DowGasification Process Development

EDS Process

Elmwood Coal-Water-Fuel Project

EmeryCoal Conversion Project

EnreconCoal Gasifier

EscrickCyclone Gasifier Test

ExxonCatalytic Gasification

ProcessDevelopment

Fairmont Lamp Division Project

Fast FluidBed Gasification

Fiat/Ansaldo Project

Fife IGCC Power Station

Flash Pyrolysis Coal

Conversion

Flash Pyrolysis ofCoal

Florida PowerCombined Cycle

Project

Freetown IGCC Project

Frontier Energy Coprocessing Project

Coal TechnologyCorporation

United StatesDepartment ofEnergy

EUcraft

Mississippi Power and Light

Mississippi State of

RalphM. ParsonsCompany

DowChemical Company

DowChemical Company

AnacondaMineralsCompany
ENI

Electric PowerResearch Institute

Exxon CompanyUSA

Japan Coal LiquefactionDevelopmentCo.

Phillips Coal Company
Ruhrkohle A.G.

United States DepartmentofEnergy

FosterWheelerTennessee

Emery SynfuelsAssociates:

Mountain Fuel Supply Company
Mono Power Company

Enrecon, Inc.

Oaklands Limited

Exxon CompanyUSA

Westinghouse Electric Corporation

HydrocarbonResearch, Inc.

United StatesDepartment ofEnergy

Ansaldo

FiatTTG

KRWEnergy Systems, Inc.

Fife EnergyLtd

Occidental ResearchCorporation

Unfted StatesDepartment ofEnergy

BrookhavenNational Laboratory

Florida PowerCorporation

Unfted StatesDepartment ofEnergy

Texaco Syngas Inc.

CommonwealthEnergy
General Electric Co.

Canadian EnergyDevelopments

KUbora International

T-ast Appearance in SFR

January 1995; page 4-55

December 1991; page 4-75

September 1981; page 4-58

December 1984; page 4-70

June-,1987 page 4-53

June 1985; page 4-63

March 1987; page 4-66

December 1983; page 4-84

September 1985; page 4-66

March 1991; page 4-81

December 1984; page 4-73

September 1982; page 4-76

December 1982; page 4-90

March 1985; page 4-66

January 1995; page 4-57

December 1982; page 4-91

June 1988; page 4-69

December 1983; page 4-87

December 1993; page 4-73

January 1995; page 4-58
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

Fuel Gas Demonstration Plant

Program

Fularji Low-BTUGasifier

Gas Turbine Systems Development

GE HotGasDesulfurization

GFKDirectUquefaction Project

Grants Coal toMethanol Project

GreekLigniteGasification Project

Grefco Low-BTUProject

Gresik IGCC Plant

GSP Pdot Plant Project

GulfStatesUtilities Project

Hampshire Gasoline Project

HanoverEnergyDosweU Project

H-Coal Pilot Plant

HillsboroughBayCoal-Water

Fuel Project

HowmetAluminum

H-R International Syngas Project

Huenxe CGT Coal Gasification Pilot Plant

HumboftEnergyCenter Project

Foster-Wheeler EnergyCorporation

United StatesDepartment ofEnergy

MW. KeUoggCompany
People's RepubUc ofChina

Curtiss-WrigbtCorporation

United StatesDepartment ofEnergy
General Electric Company

GE Environmental Services Inc.

MorgantownEnergyTechnologyCenter

GermanFederalMinistry forResearch& Technology
SaarbergwerkeAG

GFKGeseUschaft furKohleverflussiqung

Energy TransitionCorporation

Nitrogenous Fertilizer Industry (AEVAL)

General Refractories Company
Unfted States Department ofEnergy

PerusahaanUmumListrikNegara

GermanDemocratic RepubUc

KRW Energy Systems

GulfStates Utilities

Kaneb Services

KoppersCompany
Metropolitan Life Insurance Company
NorthwesternMutual Life Insurance

DosweU Limited Partnership

Ashland Synthetic Fuels, Inc.

Conoco Coal DevelopmentCompany
Electric PowerResearch Institute

HydrocarbonResearch Inc.

Kentucky EnergyCabinet

Mobil Oil Corporation

Ruhrkohle AG

Standard Ofl Company (Indiana)
Unfted StatesDepartment ofEnergy

ARC-Coal Inc.

Bechtel Power Corporation

COMCO ofAmerica, Inc.

HowmetAluminumCorporation

H-R International, Inc.

The SlaggingGasificationConsortium

CarbonGasTechnology (CGT) GmbH

Continental EnergyAssociates

PennsylvaniaEnergyDevelopmentAuthority

LastAppearance in SFR

September 1980; page 4-68

December 1988; page 4-59

December 1983; page 4-87

January 1997; page 4-41

March 1994; page 4-69

December 1983; page 4-89

September 1988; page 4-61

December 1983; page 4-91

June 1994; page 4-65

December 1991; page 4-80

March 1985, page 4-74

December 1983; 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

January 1999; page 4-56
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STATUS OFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

HYCOLHydrogen fromCoal Pilot Plant

Hydrogen from Coal

HYGAS Pilot Plant Project

ICGGPipelineGas Demonstra

tion Plant Project

IGTMUdGasification Project

Integrated Two-StageUquefaction

ITT Coal toGasoline Plant

Kaiparowfts Project

Kansk-Achinsk Basin Coal Uquefaction

Pdot Plant

Kennedy Space Center Polygeneration

Project

Ken-Tex Project

Keystone Project

King-Wilkinson/Hoffinan Project

KJLnGAS Project

Klockner Coal Gasifier

Kohle Iron Reduction Process

KRW Energy Systems Inc. Advanced

CoalGasification System for

Electric PowerGeneration

Lake DeSmet SNGfromCoal

Project

Sponsors

Research Association forHydrogen from Coal

ProcessDevelopment

AirProducts and Chemicals, Inc.

Unfted States DepartmentofEnergy

Gas Research Institute

Institute ofGas Technology
United Slates DepartmentofEnergy

IllinoisCoal GasificationGroup
United States Department ofEnergy

IllinoisCoal Development Board

Institute ofGas Technology
Kerr-McGee Coal Corporation

Cities Service/Lummus

International Telephone &Telegraph

J.W.Mfller

United States DepartmentofEnergy

Arizona Public Service

SanDiego Gas andElectric

Southern CaliforniaEdison

Union ofSoviet SocialistRepublics

National Aeronautics& Space

Administration

Texas Gas TransmissionCorporation

The Signal Companies

E. J. Hoffman

King-Wilkinson, Inc.

Allis-Chalmers

State ofIllinois

Unfted States DepartmentofEnergy
Central IllinoisUght Company
Electric PowerResearch Institute

Illinois PowerCompany
Ohio EdisonCompany

KlocknerKohlegas

CRA(AustraUa)

Weirton Steel Corp
US. Department ofEnergy

M.W. KeUoggCompany
US. DepartmentofEnergy
Westinghouse Electric

Texaco Inc.

TranswestemCoal Gasification Company

T.ast Appearance in SFR

January 1996; page 4-50

December 1978; page B-31

December 1980; page 4-86

September 1981; page 4-66

January 1996; page 4-50

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

December 1983; page 4-95

September 1986; page 4-71

March 1985; page 4-80

December 1988; page 4-65

March 1987; page 4-74

December 1987; page 4-75

December 1991; page 4-84

December 1982; page 4-98
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STATUS OFCOAL PROJECTS

COMPLETEDAND SUSPENDEDPROJECTS (Continued)

Project

Lakeside RepoweringGasification Project

LaPorteUquid PhaseMethanol

Synthesis

Latrobe VaUeyCoal Uque

faction Project

LC-Fining ProcessingofSRC

LJBIAZ Coal-To-Methanol Project

UquefactionofAlberta

Subbftuminous Coals, Canada

Low-BTUGasifiers forCom

mercialUse-Irvin Industries

Project

Low/Medium-BTUGas forMufti-

Company SteelComplex

Low-RankCoalUquefaction

Project

LuleaMolten IronGasification Pilot Plant

Lummus CoalUquefaction

Development

Mapco Coal-to-Methanol Project

MazmgarbeCoal Gasification Project

Medium-BTUGas Project

Medium-BTUGasification Project

Memphis Industrial Fuel Gas

Project

Methanol fromCoal

Sponsors

Combustion Engineering
Unfted StatesDepartment ofEnergy

Air Products and Chemicals Inc.

Chem Systems Inc.

Electric PowerResearch Institute

U.S. Department ofEnergy

Rheinische Braunkobfwerke AG

Cities Service Company
United StatesDepartmentofEnergy

KruppKoppers,KOPEX

Alberta/CanadaEnergyResources

ResearchFund

AlbertaResearch Council

Irvin IndustrialDevelopment Inc.

Kentucky, Ctasnonweafth of

Unfted StatesDepartment ofEnergy

Bethlehem Steel Company
Unfted StatesDepartmentofEnergy
Inland SteelCompany
Jones & laughlm Steel Company
National Steel Company
Northern Indiana PubUc Service Company
UnionCarbideCorporation

Unfted States Department ofEnergy

University ofNormDakota

KHDHumbertWedagAG

SumitomoMetal Industries, Ltd

LummusCompany
Unfted StatesDepartmentofEnergy

Mapco Synfuels

Cerchar (France)
European Economic Community
GasDevelopmentCorporation

Institute ofGas Technology

ColumbiaCoal Gasification

HoustonNaturalGas Corporation

Texaco Inc.

CBI Industries Inc.

Cives Corporation

FosterWheeler Corporation

Great Lakes International

HoustonNatural Gas Corporation

IngersoU-RandCompany
MemphisUght Gas&Water Division

UGI Corporation

LastAppearance in SFR

January 1996; page 4-52

December 1991; page 4-85

December 1983; page 4-96

December 1983; page 4-96

December 1988; page 4-65

March 1985, page 4-81

June 1979; page 4-89

December 1983; page 4-98

March 1984; page 4-*9

March 1991; page 4-90

June 1981; page 4-74

December 1983; page 4-98

September 1985, page 4-73

September 1979; page 4-107

December 1983; page 4-99

June 1984; page 4-79

March 1978; page B-22
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors

Methanol from Coal

MidrexElectrothermal Direct

Reduction Process

MildGasification ofWestern Coal

MillmerranCoalUquefaction

Mining and Industrial Fuel Gas

Group Gasifier

Minnegasco High-BTUGas

from Peat

WentworthBrothers, Inc.

(19 utility and industrial sponsors)

Georgetown Texas Steel Corporation

MidrexCorporation

Amax

WesternResearch Institute

AustralianCoal Corporation

AmericanNatural ServiceCo

Amerigas

Bechtel

Black, SivaUs& Bryson

BurlingtonNorthern

Cleveland-Cliffs

DavyMcKee

Dravo

EPRI

HarmaMiningCo.

PeoplesNatural Gas

PickandsMather

ReserveMining

Riley Stoker

RockyMountainEnergy
Stone&Webster

US. Bureau ofMines

U.S. Department ofEnergy
U.S. Steel Corporation

WesternEnergy Co.

Weyerhaeuser

Minnesota Gas Company
Unfted StatesDepartment ofEnergy

LastAppearance in SFR

March 1980; page 4-58

September 1982; page 4-87

March 1994; page 4-76

March 1985; page 4-82

.March 1987; page 4-78

March 1983; page 4-108

Minnegasco Peat Biogasification

Project

Minnegasco PeatGasification

Project

Minnesota Power ELFUEL Project

Mobil-M Project

Molten Salt ProcessDevelopment

MonashHydrotiquefaction Project

MinnesotaGas Company
NorthernNaturalGasCompany
United StatesDepartmentofEnergy

GasResearch Institute

Institute ofGasTechnology
Minnesota Gas Company
NorthernNatural Gas Company
United States Department ofEnergy

Minnesota Power& light

BNICoal

Institute ofGasTechnology
Electric PowerResearch Institute

Bechtel Corporation

Mobil Oil Company

RockweU International

United StatesDepartment ofEnergy

Coal Corporation ofVictoria

MonashUniversity

December 1981; page 4-88

December 1983; page 4-101

June 1991; page 4-82

September 1982; page 4-88

December 1983; page 4-101

June 1994; page 4-70
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDEDPROJECTS (Continued)

Project

Mountain Fuel Coal Gasification Process

MRS Coal Hydrogenator Process Project

MulberryCoal-Water Fuel Project

M.W. KeUoggUpgradingofRefinery
Oil and PetroleumCoke Project

NASALewis Research Center Coal-to-

Gas Polygeneration Power Plant

National Synfuels Project

NEDO IGCC Project

New EnglandEnergy Park

New JerseyCoal-Water Fuel

Project

NewMexico Coal Pyrolysis Project

NewZealandUCGProject

Nices Project

NorthAlabamaCoal toMethanol

Project

NorthDakota Synthetic Fuels

Project

NYNAS EnergyChemicals Complex

OberhausenCoal Gasification

Project

Mountain Fuel Resources

FordBacon& Davis

British Gas pic

OsakaGas CompanyLtd

CoaUquid, Inc.

M.W. KeUoggCompany
Unfted States Department ofEnergy

NASALewis Research Center

ElginButler BrickCompany
National Synfuels Inc.

New Energy& Industrial TechnologyDevelopment Org.

Bechtel Power Corporation

BrooklynUnionGas Company
EasternGas& Fuel Associates

EG&G

Westinghouse Corporation

United States DepartmentofEnergy

AshlandOfl, Inc.

Babcock&WUcoxCompany
Sfurrytech, Inc.

EnergyTransition Corporation

Energy International Corporation

ElectricityCorporationofNewZealand Ltd

Glencoal EnergyLtd

Northwest Pipeline Corporation

Air Products & Chemicals Company
Raymond International Inc.

TennesseeVaUeyAuthority

InterNorth

MinnesotaGas Company
Minnesota Power&UghtCompany
Mirmkota PowerCooperative

Montana DakotaUtilities

North Dakota Synthetic FuelsGroup
NorthDakota Synthetic Fuels Project

Northwestern PubUc Service

Ottertail PowerCompany
Wisconsin Power&Ught

AGA

A. Johnson & Company
SwedishmvestmentBank

RuhrchemieAG

RuhrkohleOel&GasGmbH

LastAppearance in SFR

September 1988; page 4-67

January 1997; page 4-48

March 1985; page 4-85

January 1998; page 4-54

December 1983; page 4-102

September 1988; page 4067

January 1998; page 4-54

December 1983; page 4-104

March 1985; page 4-86

September 1988; page 4-67

January 1998; page 4-55

December 1983; page 4-104

March 1985; page 4-86

December 1983; page 4-106

December 1990; page 4-76

September 1986; page 4-79
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

Ohio I Coal Conversion

Ohio I Coal Conversion Project

Ohio Coal/Oil CoprocessingProject

Ohio VaUey Synthetic Fuels

Project

OstravaDistrictHeating Plant

OttHydrogeneration Process Project

P-CIGProcess

Peat-by-Wire Project

PeatMethanolAssociates Project

Perm/Sharon/Klockner Project

Philadelphia GasWorks Synthesis

Gas Plant

PhilUps Coal Gasification

Project

Pike CountyLow-BTUGasifier

forCommercial Use

PlasmaArcTorch

Corporation

PolishDirectUquefaction Process

Port SuttonCoal-Water Fuel Project

Powerton Project

PressurizedFluidBed Combustion

Advanced Concepts

Purged Carbons Project

Alberta Gas Chemicals, Inc.

NorthAmerican Coal Corporation

WentworthBrothers

EnergyAdaptors Corporation

Ohio Clean Fuels, Inc.

Stone andWebsterEngineeringCorp.

HRIInc.

Ohio Coal Development Office

United States DepartmentofEnergy

ConsolidatedNatural Gas System

Standard Oil Company ofOhio

ABB Carbon

Carl A. OttEngineeringCompany

Interproject ServiceAB

Nippon Steel Corporation

PBW Corporation

ETCOMethanol Inc.

J. B. Sunderland

PeatMethanolAssociates

Transco PeatMethanol Company

KlocknerKoblegas GmbH

PennsylvaniaEngineering Corporation

Sharon Steel Corporation

PhiladelphiaGasWorks

Unfted States Department ofEnergy

Phillips Coal Company

Appalachian RegionalCommission

Kentucky, Commonwealth of

Unfted States DepartmentofEnergy

Swindell-Dresser Company

TechnologyAppUcation Service

Coal Conversion Institute, Poland

ARC-Coallnc.

COMCO ofAmerica, Inc.

Commonwealth Edison

Electric Power Research Institute

Fluor Engineers andConstructors

Illinois, State of

United States DepartmentofEnergy

MW. KeUoggCompany

Integrated Carbons Corporation

LastAppearance in SFR

March 1985; page 4-88

March 1990; page 4-65

June 1991; page 4-84

March 1982; page 4-68

June 1994; page 4-73

December 1983; page 4-107

January 1995; page 4-67

March 1985; page 4-89

June 1984; page 4-85

March 1985; page 4-72

December 1983; page 4-108

September 1984; page C-28

June 1981; page 4-78

December 1978; page B-33

January 1995; page 4-68

December 1985; page 4-86

March 1979; page 4-86

January 1998; page 4-56

December 1983; page 4-108
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED

Project

PyGas DemonstrationProject

PyrolysisDemonstration Plant

Pyrolysis ofAlbertaThermal Coals,
Canada

RiserCrackingofCoal

RUHRIOO Project

RheinbraunHydrogasification ofCoal

Saarbergwerke-Otto Gasification

Process

Savannah Coal-Water Fuel Projects

Scrubgrass Project

Sesco Project

ShanxiModified Fischer-Tropsch

Process Project

Sharon Steel

SheU Coal Gasification Project

Simplified IGCCDemonstration Project

PROJECTS (Continued)

Sponsors

MorgantownEnergy Technology Center

Jacobs Sirrine Engineers Inc.

Kentucky, Commonwealth of

Occidental ResearchCorporation

TennesseeVaUeyAuthority

SlaggingGasification Consortium

Project

Sohio LimaCoal Gasification/

Ammonia PlantRetrofit Project

Solution-Hydrogasification

ProcessDevelopment

Alberta/Canada EnergyResource

Research Fund

AlbertaResearch Council

Institute ofGas Technology
United SatesDepartment ofEnergy

RuhrgasAG

Ruhrkohle AG

SteagAG

West GermanMinistryofResearch andTechnology

Reinische Braunkohlenwerke

Lurgi GmbH

Ministry ofResearch& Technology

SaarbergwerkeAG

Dr. C. Otto & Company

FosterWheelerCorporation

ScrubgrassAssociates

SolidEnergy Systems Corporation

JinCfty, Shanxi Province, PRChina

KlocknerKohlegasGmbH

Pennsylvania EngineeringCorporation

Sharon Steel Corporation

SheU Oil Company
Royal Dutcfa/SheU Group

General Electric Company
BurlingtonNorthernRailroad

Empire State ElectricEnergyResearchCorporation

NewYork State EnergyResearch andDevelopmentAuthority
NiagaraMohawk Power Corporation

Ohio DepartmentofDevelopment

PeabodyHoldingCompany
Unfted States Department ofEnergy

BabcockWoodaU-Duckbam Ltd

BigThree Industries, Inc.

The BOCGroup pic

BritishGas Corporation

ConsolidationCoal Company

Sohio Alternate Energy

Company

General AtomicCompany
Stone &WebsterEngineering Company

LastAppearance in SFR

January 1997; page 4-52

December 1978; page B-34

March 1985; page 4-90

December 1981; page 4-93

September 1984; page C-29

December 1987; page 4-80

June 1984; page 4-86

September 1985; page 4-77

March 1990; page 4-69

December 1983; page 4-110

January 1998; page 4-60

March 1985; page 4-92

June 1991; page 4-89

September 1986; page 4-71

September 1985; page 4-78

March 1985; page 4-93

September 1978; page B-31
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

South AustralianCoal Gasification

Project

SouthernCalifornia Synthetic

Fuels Energy System

Solvent Refined Coal Demonstration

Plant

Steam-Iron Project

Synthase Project

Synthoil Project

SweenyCoal-to-FuelGas Project

TambangBatubara Process Derived Fuel

(PDF) Project

Termeco SNG FromCoal

Tennessee Synfuels Associates

MobU-M Plant

Texaco Cool Water Project

ThermoChem Pulse Combustion

Demonstration

Tom's Creek IGCCDemonstration Plant

Toscoal Process Development

Transco Coal Gas Plant

Tri-State Project

TRW Coal Gasification Process

TVAAmmonia FromCoal Project

Two-Stage Entrained Gasification

System

UndergroundBituminous Coal

Gasification

Sponsors

Government ofSouthAustralia

CF.Braun

PacificUghtingCorporation

SouthernCaliforniaEdison Company
Texaco Inc.

International Coal RefiningCompany
Air Products and Chemicals Inc.

Kentucky EnergyCabinet

United States Department ofEnergy
Wheelabrator-Frye Inc.

GasResearch Institute

Institute ofGas Technology
United States Department ofEnergy

United States Department ofEnergy

FosterWheelerEnergyCorporation

United States DepartmentofEnergy

The Signal Companies, Inc.

TEK-KOL Partnership
P.T. TambangBatubara

Termeco Coal Company

Koppers Company, Inc.

Texaco Syngas Inc.

NorthshoreMining
ThermoChem, Inc.

United States DepartmentofEnergy

TAMCO Power Partners

United States DepartmentofEnergy

TOSCO Corporation

Transco Energy Company
United States Department ofEnergy

KentuckyDepartmentofEnergy
Texas Eastern Corporation

Texas Gas TransmissionCorporation

Unfted States DepartmentofEnergy

TRW, Inc.

TennesseeVaueyAuthority

Combustion Engineering Inc.

Electric PowerResearch Institute

United States Department ofEnergy

Morgantown EnergyTechnologyCenter

TAst Appearance in SFR

December 1992; page 4-75

March 1981; page 4-99

September 1986; page 4-83

December 1978; page B-35

December 1978; page B-35

December 1978; page B-36

March 1985; page 4-94

January 1999; page 4-67

March 1987; page 4-85

December 1983; page 4-112

January 1995; page 4-75

January 1996; page 4-64

January 1995; page 4-76

September 1988; page 4-72

December 1983; page 4-113

December 1983; page 4-113

December 1983; page 4-114

September 1989; page 4-77

June 1984; page 4-91

March 1987; page 4-93
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

UndergroundCoal Gasification

Underground Coal Gasification,
Ammonia/UreaProject

Underground Gasification ofAnthracite,
Spruce Creek

Underground CoalGasification, Joint

Belgc-German Project

UCGBrazil

UCGBrazil

Underground CoalGasification, Canada

Underground CoalGasification,
EnglishMidlands Pdot Project

Underground CoalGasification,
Harma Project

United States Department ofEnergy

UniversityofTexas

Energy International

Spruce CreekEnergyCompany

Government ofBelgium

CompanniaAuxiliar de Empresas Electricas BrasUeriras

CornpanhiaAuxiliar de Empresas Electricas Brasileiras

U.S. DOE

AlbertaResearch Council

British Coal

RockyMountain Energy Company
Unfted States DepartmentofEnergy

UndergroundCoalGasification, Leigh Creek Government ofSouthAustraha

Underground CoalGasification

Hoe Creek Project

UndergroundCoal Gasification LLNL

Studies

UndergroundCoal Gasification

UndergroundCoal Gasification

RockyHiU Project

UndergroundCoal Gasification, Rocky
Mountain 1 Test

Underground Gasification ofDeep Seams

UndergroundGasification of

Texas Ugnfte, Tennessee

UndergroundGasification of

TexasUgnfte

UndergroundCoalGasification, India

Underground Coal Gasification,

Thunderbird II Project

Underground CoalGasification,

Washington State

LawrenceUvermoreNational Laboratory
Unfted States DepartmentofEnergy

Lawrence UvermoreNational Laboratory

MftcfaeU Energy
RepubUc ofTexas Coal Company

ARCO

Amoco Production Company

Groupe (TEtudes de laGazeification Souterraine

Charbonnages de France

Gazde France

Institut Francais du Petiole

Basic Resources, Inc.

TexasA&MUniversity

Oil andNaturalGas Commission

In SftuTechnology
Wold-Jenkins

SandiaNational Laboratories

LastAppearance in SFR

June 1985; page 4-75

March 1990; page 4-76

March 1990; page 4-76

March 1990; page 4-74

September 1988; Page 4-75

December 1988; page 4-25

September 1984; page C-37

September 1987; page 4-76

June 1985; page 4-75

September 1989; page 4-81

December 1983; page 4-119

December 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
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STATUS OFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

Underground Gasification of

TexasUgnfte, Lee County Project

Union Carbide Coal Conversion

Project

University ofMinnesota

Low-BTUGasifier forCommer

cialUse

UtahMethanol Project

Vartan DistrictHeating Plant

Verdigris

VEWGasification Process

VictorianBrownCoal Uquefaction Project

Virginia Iron Corex Project

Virginia Power Combined Cycle Project

Watkins Project

BasicResources, Inc.

Union Carbide/Linde Division

United States Department ofEnergy

University ofMinnesota

United States Department ofEnergy

QuestarSynfuels Corporation

Energie Verk

Agrico Chemical Company

Vereinigte Elektrizftatswerke WestfalenAG

BrownCoalUquefaction (Victoria) Pty. Ltd

Virginia Iron IndustriesCorp.

ConsoUdation Coal

Electric Power Research Institute

SlaggingGasification Consortium

Virginia Electric and PowerCompany

CameronEngineers, Inc.

Western Canada IGCC Demonstration Plant Coal AssociationofCanada

Canadian Federal Government

WestinghouseAdvancedCoal

Gasification System for

Electric Power Generation

WhftethomeCoal Gasification

WiserDirectCoal Uquefaction Process

WyomingCoal Conversion Project

ZincHalideHydrocracking
Process Development

KRW Energy Systems Inc.

United Synfuels Inc.

JamesW. Bunger andAssociates

WyCoalGas, Inc. (a Panhandle Eastern Company)

ConocoCoal Development Company
SheUDevelopmentCompany

T-ast Appearance in SFR

March 1985; page 4-101

June 1984; page 4-92

March 1983; page 4-1 19

December 1985; page 4-90

January 1995; page 4-77

September 1984; page C-35

June 1994; page 4-82

January 1995; page 4-77

March 1992; page 4-78

December 1985; page 4-90

March 1978; page B-22

June 1994; page 4-84

September 1985; page 4-80

September 1984; page C-36

January 1999; page 4-68

December 1982; page 4-112

June 1981; page 4-86
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INDEX OF COMPANY INTERESTS

Company OrOrftuniyatimn

Air Products andChemicals, Inc.

AnjouUniversity

Australian Power and EnergyCorp. Holdings Ltd.

Bechtel Group

Beijing, China

BeijingResearch Institute ofCoal Chemistry

Bethlehem Steel

BharatHeavyElectricalsLtd

British Coal Corporation

CalderonEnergy Company

CarbonaOy

Central Research Institute ofElectric Power

Industry

ChinaMiningUniversity

ChinaNational Technical Import and

ExportCorporation

ChineseCoal Research Institute

Coal TechnologyCorporation

Coval Technologies, Inc.

CPICORManagementCo. LLC

DakotaGasification Company

DatongCfty, Shanxi Province, China

Demkolec B.V.

Duke EnergyCorporation

Eastman ChemicalCompany

ELCOGAS

Encoal Corporation

Energy Systems ResearchCenter

Fife EnergyLtd.

GEC/Alsthom

German FederalMinistry of

ProjectName

Laporte Alternative Fuels Development Program

Uquid PhaseMethanol ProcessDemonstration

South Korea IGCC Process DevelopmentUnft

Esperance IGCC Project

CalderonCokemakingProcess

IMHEXMolten Carbonate Fuel CeU Demonstration

BeijingCoking and ChemicalWorks

YunnanXianfengUgnfteDirect Uquefaction

CalderonCokemakingProcess

BHEL Pressurized Fluidized Bed IGCC Project

AdvancedAirBlownGasification System

CalderonCokemaking Process

IBIL/Carbona IGCC Project in India

CRIEPI Entrained Flow Gasifier

XuZhou andTang SanCoal UndergroundGasification Test

AmmoniaPlant oftheWeihe Chemical Fertilizer Plant

LuNanAmmoma-from-Coal Project

ShenHuaDirectUquefaction PlantUsingHTI Technology
YunnanXianfengUgnfteDirectUquefaction

MddGasification ProcessDemonstrationUnit

Covol Coal Fines Processing Plant

Clean Power from Integrated Coal Ore Reduction

GreatPlains Synfuels Plant

DatongCoal Gas Plant

Buggenum IGCC Power Plant

KentuckyPioneerEnergy Project

Liquid Phase Methanol Process Demonstration

PuertoUano IGCC Demonstration Plant

Encoal LFC Demonstration Plant

South Korea IGCC ProcessDevelopmentUnft

FifeAFT-IGCC Power Project

AdvancedAirBlownGasification System

RheinbraunHigh-TemperatureWinkler Project
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STATUSOFCOAL PROJECTS

INDEXOFCOMPANYINTERESTS

Company orOrganization

Global Energy Inc.

Global Environmental Ltd.

Henan Provincial Government

Herman Research Pty. Ltd.

HillcrestResources N.L

HOECHSTAG

HydrocarbonTechnologies Inc.

IBILEnergy Systems

Institute ofGasTechnology

JapanGasAssociation

KFx Inc.

Lanzhou Cfty, Gansu Province, China

TheMW. KeUoggCompany

Krupp Koppers GmbH

LouisianaGasificationTechnology, Inc.

LTV Steel

Lurgi GmbH

M-C Power Corporation

Mitsui BabcockEnergyLtd.

Motiva Enterprises LLC

NewEnergy and Industrial Technology
Development Organization

NokotaCompany

People's RepubUc ofChina

(Continued)

ProjectName

PowerGen

PSI Energy Inc.

Fife AFT-IGCC PowerProject

Kentucky Pioneer Energy Project

WabashRiverCoal Gasification Repowering Project

Global Environmental SlaggingGasification Injection ofWastes

Yima CftyCoal Gasification Project

IntegratedDrying, IGCC PdotPlant

Esperance IGCC Project

SynthesegasanlageRurh

Shen Hua DirectUquefaction PlantUsingHTI Technology

IBH/Carbona IGCC Project in India

IMHEXMolten Carbonate Fuel CeUDemonstration

ARCH Process

K-Fuel Commercial Facility

Lanzhou CoalGasification Plant

Pinon Pine IGCC Powerplant

PRENFLOGasification Pdot Plant

Destec Syngas Project

CalderonCokemakingProcess

RheinbraunHigh-TemperatureWinkler Project

IMHEXMolten Carbonate Fuel CeU Demonstration

AdvancedAir BlownGasification System

Delaware Clean Energy Project

ARCH Process

CRIEPI Entrained FlowGasifier Project

Nedol Bituminous Coal Uquefaction Project

DunnNokotaMethanol Project

Harbin Gasification Plant

Mongolian EnergyCenter

Qingdao Gasification Plant

ShougangCoal Gasification Project

WujingTrigenerationProject

YUanDirectCoalUquefaction Project

YimaCftyCoal Gasification Project

YunnanKai Yuan Chemical Fertilizers Plant

Yunnan ProvinceCoal Gasification Plant

AdvancedAirBlown Gasification System

WabashRiverCoal GasificationRepowering Project
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INDEXOFCOMPANYINTERESTS

Company orOrganization

Qinghuangdao Cfty, China

Rheinische BraunkohhverkeAG

Rosebud SynCoal Partnership

Ruhrkohle AG

RWE EnergieAG

Sanghi Industries

Sasol Limited

ScotiaResources Ltd.

Sekundairohstoff-Verwertungszentrum

Shanghai Coking& Chemical Corporation

Sierra Pacific PowerCompany

SINOPEC

Sokolovska uhelna

SouthernCompany Services, Inc.

State PowerCorporationofChina

Stewart and Stevenson Services Inc.

Taiyuan Cfty, China

Tampa Electric Company

Tennessee Eastman Company

Texaco Inc.

Ube Industries, Ltd.

Uhde GmbH

United KingdomDepartmentofEnergy

United States Departmentof Energy

Voest-Alpine Industrieanlagenbau

WesternEnergy Company

Yunnan Province, China

(Continued)

ProjectName

QinghuangdaoGasification Plant

RheinbraunHigh-TemperatureWinkler Project

Rosebud SyncoalUpgradingProcess

Synthesegasanlage Ruhr (SAR)

KoBraHigh-TemperatureWinkler IGCC Demonstration Plant

IBIL/Carbona IGCC Project in India

Sasol

ScotiaCoal Synfuels Project

Schwarze Pumpe GasificationofWastes

WujingTrigeneration Project

Pinon Pine IGCC Power Plant

JinlingPetrochemical Corp. Fertilizer Plant

Czech RepubUcHigh-TemperatureWinkler IGCC Project

WilsonviUe Power Systems Development Facility

Yantai IGCC Project

IMHEXMolten Carbonate Fuel CeU Demonstration

TaiyuanCoking andChemical Plant

Polk Power Station IGCC Plant

Eastman Chemicals FromCoal

Esperance IGCC Project

UbeAmmonia-From-Coal Plant

Rheinbraun High-TemperatureWinkler Project

AdvancedAirBlownGasification System

Encoal LFC Demonstration Plant

LapocteAlternative FuelsDevelopment Program

Uquid PhaseMethanol ProcessDemonstration

MddGasification ProcessDemonstrationUnft

Pinon Pine IGCC Power Plant

Polk Power Station IGCC Plant

Rosebud SyncoalUpgrading Process

WilsonviUe Power Systems Development FacilityProject

COREX Process

Rosebud SyncoalUpgrading Process

YunnanKaiYuanChemical Fertilizer Plant
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NATURAL GAS

PROJECT ACTIVITIES

SHELL'S BINTULU PLANT TO BE

IMPROVED FOR RESTART

The world's first commercial plant to produce

middle distillates from natural gas was started

up by Shell in April 1993. The $660-million unit

is built next to the Bintulu liquefied natural gas

plant in the State of Sarawak, Malaysia. From

100 million cubic feet per day of natural gas

feedstock, the daily output of liquid fuels is ap

proximately 12,500 barrels per day.

The Shell Middle Distillates Synthesis (SMDS)
process is based on modernized Fischer-

Tropsch (F-T) technology which reacts an in

termediate synthesis gas with a highly active

and selective catalyst. The Shell catalyst mini

mizes coproduction of light hydrocarbons, unlike

classical F-T catalysts. The plant has operating

flexibility so that while maintaining maximum

output, the composition of the product package,

which will contain low molecularweight paraffins

and waxes, can be varied to match market de

mand.

Since 1994, due to low prices for distillate fuels,
Shell has shifted production toward higher-

valued wax products, solvents, detergent feed

stocks and waxy raffinates.

In December 1997 the plant was disabled by an

explosion and fire. The plant is being recon

structed to be fully operational by April 2000.

In the process of reconstructing, Shell is plan

ning to increase the plant's capacity by
25 percent. Second-generation catalysts and an

innovative exhaust gas turbine are two of the

new technology developments under way.

The turbine would bum some of the low-BTU

off-gas from the Heavy Paraffins Synthesis

(HPS) process units, supplemented by natural

gas.

Shell's second-generation HPS catalyst is ex

pected to produce more F-T wax than the first-

generation catalyst. Shell wants more output of

F-T wax because Shell can realize a premium

on this wax compared to middle distillates. In

addition to the new catalyst, larger reactors will

be used, bringing output capacity to

9,000 barrels per day per multitubular reactor.

Shell will also increase reactor capacity in its

Shell Gasification Process (SGP) unit. Each

SGP unit processes 20 million cubic feet per

day of gas, converting over 95 percent of the

methane into carbon monoxide.

EXXON'S AGC-21 PROCESS SEEN AS

STRATEGIC ASSET

A recent article in Chemtech (October 1999)
and information from other sources provide an

update on Exxon's proprietary gas-to-liquids

process. Exxon calls its process Advanced Gas

Conversion for the
21st

Century (AGC-21). The

company has a 200-barrel per day demonstra

tion plant in Baton Rouge, Louisiana. Exxon's

integrated, three-step process begins with the

production of syngas by means of an oxygen-

blown catalytic fluidized-bed, known as the Flu

idized-Bed Syngas Generator (FBSG). The

second-stage Hydrocarbon Synthesis (HCS)
uses a cobalt-based slurry-phase reactor for

HCS to convert the syngas into a mixture of liq
uids and wax, which is then upgraded by hydro-

isomerization in the third stage to produce diesel

or high-quality refinery or chemical feedstocks.

Exxon's AGC-21 process (Figure 1) is the result

of a $300-million research and development

program that began in 1981.

One key factor in the development of this tech

nology was Exxon's ability to mount a compre

hensive effort that ranged from fundamental

solid-state chemistry and catalysis science to
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FIGURE 1

AGC-21 PROCESS FLOWSCHEME

Natural Gas

Oxygen

Steam

Heat

|H Recovery

Syngas :

Wax U Hydrogen

Syngas

Generation

Hydrocarbon

Synthesis

Clear Liquids

Upgrading

*

SOURCE: EI8ENBERQETAL.

advanced process modeling and reactor engi

neering, design and scale-up.

AGC-21 Technology Milestones

Milestones reached during the development of

AGC-21 include the development of proprietary

catalysts and reactor technology in all process

areas. Exxon says that ongoing programs pro

vide insight into the factors that control process

performance from the microscopic (atomic)
scale to the macroscopic (reactor) level. These

programs will bring about additional technologi

cal advances and intellectual property that will

help sustain AGC-21 technology into the future.

Key milestones since 1981 include the following:

Discovery of high-activity Fischer-

Tropsch (F-T) catalysts

Development of slurry reactor design

and process methods

Production of commercially viable FBSG

and HCS Process Development Unit

(PDU), coupled with subsequent hydro

carbon upgrading

Production of AGC-21 diesel and jet fu

els that have superior performance

properties

Establishment of a strong proprietary po

sition through strong patenting and pat

ent prosecution efforts

Hydrocarbon Synthesis

Exxon's F-T HCS technology operates in a

novel slurry reactor that uses new, high-activity
cobalt catalysts under controlled hydrodynamic

conditions to provide higher hydrocarbon pro

ductivity levels than previously believed possi

ble. The HCS product consists primarily of lin

ear paraffins.

Exxon has spent more than a decade develop
ing cobalt catalysts and slurry reactors for

high-

productivity wax synthesis. This technology has

been demonstrated in FBSG-HCS units with

capacities of 200 barrels per day. Large-scale

pilot studies are under way to investigate addi

tional HCS process enhancements.

Performance tests have shown that by main

taining cobalt in a dispersed rim (i.e., a thin

5-2
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layer) on the outer surface of the catalyst, in a

region that is unaffected by relative H2 and CO

diffusivity effects, it is possible to achieve high

productivity with minimum gas make.

Synthesis Gas Generation

In the AGC-21 scheme, a 2:1 H2:CO synthesis

gas feed for HCS is prepared by contacting
methane with limited amounts of steam and

oxygen in a catalyzed fluid-bed reactor.

The single-step FBSG process (Figure 2) oper
ates at temperatures well within the range of a

Flexicoker gasifier and well below those of an

autothermal or partial oxidation reactor. FBSG

operates with a minimum steam-to-carbon feed

ratio needed to achieve the desired syngas

composition and is not subjected to carburiza-

tion phenomena associated with more conven

tional syngas production.

FIGURE 2

AGC-21 FLUID-BED

SYNTHESIS GASGENERATION

2H +CO

80URCE: EI8ENBERQ ETAL.

A special high-temperature catalyst system was

developed and tailored to the unique conditions

in the fluid-bed reactor. The FBSG process has

been demonstrated in more than 3 years of

PDU operation (200 barrels per day) and ongo

ing studies in large-scale pilot reactor facilities.

Exxon is continuing a high level of research and

development to make additional improvements

in all aspects of syngas generation.

Wax Upgrading

The AGC-21 upgrading reactor converts HCS

wax to liquid with a pour point below 35C that is

suitable for transport via pipeline or tanker.

With proprietary catalysts that have a balance of

isomerization and hydrocracking activities, the

upgrading step can be tailored to produce a

mixture of diesel, naphtha and higher molecular

weight products in varying yields. AGC-21 die

sel, which can approach 80 percent of the total

plant output, is an excellent fuel or blendstock.

The absence of high-density aromatics and the

abundance of paraffins give a somewhat lighter

diesel with a density below that of conventional

fuel. Although the lighter fuel could reduce

driving range if used neat, it opens attractive

possibilities for blending with more dense refin

ery streams to produce a diesel fuel of high

quality.

Exxon's Patent Position

Exxon's AGC-21 portfolio, which consists of

more than 400 United States patents and

1 ,500 international patents, includes cases di

rected to high-performance HCS catalyst com

positions and preparative methods, as well as a

range of procedures for catalyst activation and

operation under F-T conditions. In addition,

several patents have been secured on slurry
reactor design and operations, and on various

devices and methods for controlling fluid dy
namics and catalyst performance under slurry
reactor conditions. Moreover, patents have

been obtained on important AGC-21 diesel and

jet fuels, specialty product compositions, and

various aspects of FBSG and product upgrad

ing.
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In 1997 Exxon prevailed in a major patent in

terference proceeding in the United States Court

of Appeals in which the company's patent rights

to certain rim, or eggshell, catalysts for F-T

synthesis were confirmed in a decision over a

major competitor. In 1998 Exxon brought suit

against the United States in the United States

Court of Federal Claims for infringement of

Exxon's slurry HCS Gas-To-Liquid (GTL) con

version technology at the United States De

partment of Energy Alternative Fuels Develop
ment Unit in La Porte, Texas.

With increasing efforts to develop competing

GTL technologies, the AGC-21 patent portfolio

is clearly a strategic asset for Exxon.

CORPORATIONS

RENTECH ACQUIRES SAND CREEK

METHANOL FACILITY

Rentech Inc. announced in December that it and

Republic Financial Corporation have signed a

definitive purchase agreement for the Sand

Creek methanol facility located in Commerce

City, Colorado, a suburb of Denver. Rentech

and Republic are developing a plan to convert

the facility to a Gas-To-Liquids (GTL) plant

making Fischer-Tropsch diesel, naphtha, petro

leum waxes and other products.

The methanol plant is adjacent to a refinery

owned by Conoco Inc., visible and accessible

from Interstate 270, and served by both a rail

road spur and natural gas transmission line.

The asset purchase includes the methanol plant,

all the supporting infrastructure, buildings and

the underlying 17-acre site.

The new owner of the facility will be Sand Creek

Energy LLC (SCE) which is 50 percent owned

by Rentech Development Corporation, a wholly

owned subsidiary of Rentech Inc., and

50 percent owned by Republic Financial Corpo

ration-Sand Creek Development LLC, a wholly

owned subsidiary of Republic Financial Corpo

ration, headquartered in Aurora, Colorado.

Sand Creek commenced operations in 1992.

The plant, operational until recently, produced

approximately 25 million gallons of methanol

during 1998. The facility was shut down due to

the oversupply of methanol in the world market.

SCE is developing a plan to convert the metha

nol plant into a GTL facility capable of produc

ing from 800 to 1 ,000 barrels per day of high-

value fuels and products including clean-buming
sulfur and aromatic-free diesel fuel made from

natural gas.

Much of the infrastructure necessary for a GTL

plant is already in place at the Sand Creek loca

tion, most importantly the synthesis gas genera

tion equipment. This equipment processes the

natural gas feedstock into synthesis gas or syn

gas which is required to make Rentech's

Fischer-Tropsch (F-T) fuels and products.

Capital costs necessary to retrofit the Sand

Creek facility to produce the F-T fuels and prod

ucts are expected to be 50 to 60 percent less

than constructing a "green
field"

plant. Addi

tionally, the engineering and construction time

frame is expected to be substantially less than

that required for a new GTL plant. SCE is tar

geting startup ofthe plant by mid-2001.

In the event SCE is able to acquire the neces

sary funding to convert the plant, it is expected

that Sand Creek could be the first operational

commercial-scale GTL plant in the United

States in the last 40 years. The plant is ex

pected to be in commercial production 3 to

5 years ahead of other domestic GTL facilities.

SCE also views the Sand Creek project as hav

ing the potential to provide additional forms of

clean energy on the 17-acre site. Significant

quantities of natural gas in excess of GTL plant

requirements can be delivered to the site. That

gas, togetherwith surplus hydrogen produced by
the GTL process itself, may provide the feed

stock for other applications to produce clean

power including stationary fuel cells.
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SYNTROLEUM NAMES

ENGINEER/CONTRACTOR FOR

SWEETWATER GTL PROJECT

Syntroleum Sweetwater Operations Ltd., a sub

sidiary of Syntroleum Corporation and Klockner

Industrie-Anlagen (INA), a member of the RWE

group of companies (Frankfurt, Germany), an
nounced in November the signing of a project

development agreement for the first commer

cial-scale plant ever built using Syntroleum's

proprietary Gas-To-Liquids (GTL) technology.

The first phase of the agreement calls for the

completion of approximately $4 million of engi

neering design, cost build-up and execution

planning. Upon completing this analysis, the

parties have agreed to finalize a fixed-price En

gineering, Procurement and Construction con

tract under which INA has committed to provide

significant plant performance guarantees

including throughput, product quality, product

yield, gas consumption, emissions and comple

tion schedule.

Phase I work was expected to begin as early as

November 29, 1999, subject to the completion

of final determination as to whether the plant

(originally planned for Sweetwater, Wyoming)
will be located in Australia or Trinidad.

Known as the Sweetwater Project, the plant will

have a design capacity of 10,000 barrels per

day, converting natural gas into high margin

products such as synthetic lubricants, drilling

fluids, liquid normal paraffins and specialty fu

els. The GTL section of the plant is currently

expected to cost approximately $300 million,

while the specialty products refining section and

associated product storage facilities are ex

pected to add another $100 million.

SWEDISH PLANTWILL USE INDUSTRIAL

WASTE GASES TO MAKE F-T LIQUIDS

Rentech Inc. has signed a Letter of Intent with

Oroboros AB, headquartered in Goteborg, Swe

den, to negotiate a license for a Gas-To-Liquids

(GTL) plant that will convert industrial off-gases

from a Swedish steel works into clean alterna

tive fuels.

The steel facility currently generates approxi

mately 27 million cubic feet per day of off-gases

that are now flared into the atmosphere. The

flaring, which occurs daily, produces about

200,000 tons of carbon dioxide, a greenhouse

gas, per year. By implementing Rentech's GTL

technology, the plant's off-gases can be con

verted into clean usable products instead of be

ing flared. The off-gases, which have a low hy
drogen-to-carbon monoxide ratio, can only be

effectively converted with an iron-based catalyst

such as Rentech's patented catalyst. The appli

cation of Rentech's process to this one facility is

estimated to reduce C02 emissions in Sweden

by 200,000 tons per year, or the equivalent of

0.25 percent of the total yearly C02 emissions in

Sweden.

Oroboros plans to produce what it refers to as

an Eco-Paraffin, a clean Fischer-Tropsch diesel,

containing no sulfur or aromatic compounds.

Moreover, based on an assessment by
Oroboros, Eco-Paraffin may also have a lower

production cost than other alternative fuels

available in Sweden. Additionally, no engine

modifications are necessary for vehicles which

use Eco-Paraffin.

The Swedish government currently encourages

the use of Swedish Diesel or
"MK1"

and other

clean fuels by means of lower fuel taxes. This

is to enable them to meet the clean air stan

dards established under the European Union

Diesel Specifications over the next 15 years.

The managing director of Oroboros remarked,

The ruggedness of the iron catalyst is an at

tractive feature under real-world conditions,

where exact gas composition may vary some

what during the GTL process. We are looking
forward to working with Rentech and developing
this new market for

GTL."
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DAIMLERCHRYSLER AND SYNTROLEUM

TEAM UP TO TEST F-T DIESEL

Synthetic liquid fuel produced from natural gas

by Syntroleum Corporation is now being used to

power a Dodge concept truck being demon

strated in cities across the country. The com

pany says its fuels are "potentially the cleanest
practical hydrocarbon fuels ever

made...."

DaimlerChrysier and Syntroleum got together

about a year ago to explore Gas-To-Liquids

(GTL) fuels and the potential role of designer

fuels in vehicles such as the Dodge Power

Wagon concept truck that debuted at the North

American International Auto Show in Detroit,
Michigan, early last year.

The Dodge Power Wagon went on a multicity
ride-and-drive tour starting in May to showcase

the ultraclean diesel fuel manufactured from

natural gas.

One of the primary benefits of this designer die

sel fuel is that it is sulfur-free. Sulfur tends to

bind to platinum and other precious metals in

the catalytic converter. As sulfur continues to

bind to those materials, the converter's per

formance is reduced and the emission of nitro

gen oxide, hydrocarbons and particulates in

creases. Sulfur-free diesel will provide the op

portunity to equip diesel engines with catalyst,

leading to cleaner engines.

DaimlerChrysier says that this designer diesel

fuel can be used in today's diesel engines, al

though there would be a slight reduction in

power. That is a fairly easy problem to solve,

though, by recalibrating the engine.

The real potential for these designer fuels lies

down the road as DaimlerChrysier and other

automakers look to advanced diesel technolo

gies in the ongoing search for alternative fuels.

The efficiency of the new generation diesel en

gines combined with designer fuels can poten

tially cut carbon dioxide emissions by half com

pared to gasoline-powered vehicles.

Syntroleum says, unlike many alternative fuels

being discussed, these designer fuels are a

technology of today and are in a position to be

broadly available using the existing distribution

infrastructure and running in today's engines in

just a few years.

One of the other important benefits to Syntro

leum's clean diesel fuel is its cetane rating. The

cetane rating of traditional diesel fuel is

about 42, while the cetane rating for Syntro

leum's clean diesel is 70 or more.

The PowerWagon comes with a 7.2-liter, direct-

injection inline six-cylinder turbocharged diesel

engine that generates 780 foot-pounds of

torque. By comparison, the industry's most

powerful full-size truck, a production Dodge

Ram with an 8.0-liter V10 gasoline engine, pro

duces 450 foot-pounds of torque.

While this advanced diesel engine was de

signed to operate on traditional diesel fuel, it

has been performing well during a multicity
ride-

and-drive tour on the new
"designer-fuel"

devel

oped by Syntroleum.

STATOIL AND METHANEX TO PUSH

METHANOL FOR FUEL CELLS

In November Statoil and Methanex signed a

5-year Memorandum Of Understanding (MOU)
to form a Strategic Alliance to work toward the

safe introduction of methanol as a fuel for fuel

cell applications.

Under the MOU, both companies will work to

gether toward establishing a demonstration pilot

program for fuel cell vehicles in Europe using
methanol as the fuel. The pilot program will

entail all aspects of the supply, distribution and

marketing ofmethanol.

P. Choquette of Methanex Corporation said,
This agreement with Statoil continues the

steady progress being made toward establishing
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a retail methanol supply infrastructure for the

successful commercial introduction of fuel cell

vehicles. Our agreement comes at a time when

auto manufacturers are becoming more and

more vocal in their support for methanol as the

fuel of choice for fuel cell
vehicles."

Methanex is a Vancouver, Canada-based, pub

licly traded company engaged in the worldwide

production and marketing of methanol.

Statoil, the Norwegian national oil and gas com

pany, is the operator and major owner of

Europe's largest methanol plant at Tjeldbergod-

den, Norway.

based catalyst system offers far greater flexibil

ity than a cobalt catalyst-based system in that it

can effectively process a gaseous feedstock

produced from a wide variety of carbon-bearing

materials such as coal, bitumen, refinery bot

toms like coke and asphaltenes, as well as in

dustrial off-gases.

Also in November, Rentech announced the for

mation of two new wholly owned subsidiaries,

Rentech Development Corporation and Rentech

Services Corporation, for the purpose of man

aging the impending expansion of its GTL busi

ness.

RENTECH RESEARCH AND DEVELOPMENT

FACILITY COMPLETED

Rentech Inc. announced in November that it has

completed the build-out and upgrading of its

new research and development facility, which is

now operational. The 7,000-square foot facility
is located in Denver, Colorado. It houses a

state-of-the-art, 30-foot tall bubble column

Fischer-Tropsch (F-T) test reactor and all re

lated engineering, catalyst and gas testing and

monitoring equipment. Rentech's Gas-To-

Liquids (GTL) technical team has already begun

a series of syngas and catalyst tests for several

prospective GTL projects the company is cur

rently pursuing.

A recent United States Department of Energy

(DOE) report, contract number

DE-FC22-95PO93052, published in June 1999

contains the first detailed public information on

the GTL conversion results of cobalt catalysts

deployed in a slurry-type F-T reactor. The DOE

report provided data that allows for in-depth

comparisons to be made between cobalt and

iron catalysts deployed in a slurry reactor.

Rentech's review of the DOE report reinforces

the company's belief that its iron-based catalyst

is fully competitive with cobalt catalyst and de

livers comparable yields in a fully integrated

GTL system operating with natural gas. Moreo

ver, the company believes that Rentech's iron-

ECONOMICS

GAS-TO-LIQUIDS PROJECTS BEING

PROPOSED WORLDWIDE

Proposals for Gas-To-Liquids (GTL) plants

based on some variant of Fischer-Tropsch (F-T)

technology are being proposed in many comers

of the world (Table 1). One prediction, by Ar

thur D. Little Inc. (ADL), is that GTL in the next

15 to 20 years potentially could add 300 to

700 million barrels of liquid per year to oil sup

pliers, about 1 to 3 percent of the current crude

oil production rate.

ADL has estimated that $25 to $50 billion in

capital investment would be required to attain

these production rates.

By some estimates, half of the world's proved

natural gas reserves may not find a market in

the near future because of their remote loca

tions.

On Alaska's North Slope alone, the United

States Department of Energy (DOE) estimates

that about 25 trillion cubic feet of gas-in-place

could be accessed with GTL technology, if

proven cost-effective. A 1996 strategy-

assessment ofAlaska's North Slope gas options

found that GTL technology would be economi-
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TABLE 1

FISCHER-TROPSCH GAS-TO-LIQUIDS PROJECTS

Operator

Sasol Ltd.

Sasol, Chevron Corp.

Sasol, Qatar General

Petroleum Corp. and

Phillips Petroleum Co.

Mossgas (Pty.) Ltd.

Shell

Donyi-Polo Petrochemicals

Ltd., Oil India Ltd.

Exxon Corp.

ARCO, Syntroleum Corp.

Enron Capital & Trade

Resources Corp., Syntroleum

BP Amoco pic

Sicor Inc.

Rentech

Plant Location

Plant Capacity,

barrels/dav Status

Sasolburg, South Africa

Secunda, South Africa

2,500

150,000

in operation

in operation

Escravos, Nigeria 30,000 planned, 2003

Ras Laffan, Qatar 20,000 planned, 2002

Mossel Bay, South Africa 30,000 in operation

Bintulu, Malaysia

Bangladesh

12,500

50,000

restart in April 2000

planned

Arunachal Pradesh, India 360 under construction

Baton Rouge, Louisiana

Prudhoe Bay, Alaska

Qatar

200

100,000

100,000

pilot

planned

planned

Bellingham, Washington 70 pilot

Australia or Trinidad 10,000 planned 2001-2002

Prudhoe Bay, Alaska not announced planned

Awash, Ethiopia 20,000 planned 2002

Denver, Colorado 1,000 planned 2001

cally comparable to the large-scale Liquefied

Natural Gas (LNG) technologies and other ex

port plans for the gas.

According to M. Agee of Syntroleum Corpora

tion, speaking at the EFI Gas Conversion Con

ference held in San Francisco, California, in

October the convergence of events in the auto

motive and fuels industries, highlighted by an

abruptly tightening environmental noose, is

rapidly ordaining a crucial role for the GTL in

dustry. Research, regulatory and market forces
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are coming together to create a preferential de

mand for these unique fuels early in this first

decade of the millennium. The desire to

monetize stranded gas reserves was the original

motivation to develop GTL technology. But the

crucial role of low-sulfur fuels in advancing the

causes of cleaner air and greater fuel economy

will likely trigger the first commercial projects

and give the nascent GTL industry a giant push

forward. Supplies of several hundred thousand

barrels per day of essentially sulfur-free fuel

may be needed by the middle of the next dec

ade. It stands to reason that the alternative with

the fewest barriers to change will be the one

most likely to succeed in capturing this market.

The principal barriers to GTL are rapidly falling.

Several companies say the technology is ready

and getting better, that the economics are right

for a pure product that can command a $0.15 to

$0.20 premium, and most of the forces for

change are demanding such a product. GTL

projects now on the drawing boards, such as

those in Table 1 ,
are the leading candidates to

meet this demand.

Automakers, struggling to meet future fuel

economy and emission standards, cannot com

ply with either using present engines and fuels,

says Agee. Meanwhile, emboldened by break

throughs in engine and fuels technology, the

United States Environmental Protection Agency

(EPA) sees an opportunity for clean-air gains

heretofore unattainable. The key is the avail

ability of low-sulfur fuels required to utilize the

advances in engines and emission control tech

nology a clean fuel that exploits the diesel en

gine's ability to deliver 40 percent greater fuel

economy and 50 percent lower emissions of

carbon dioxide greenhouse gases, compared to

gasoline engines, is a key focal point of the auto

industry. "We have the engines to do the
job,"

auto companies are saying. "Give us the low-

sulfur fuel, and we will do
it."

Synthetic diesel

fuel is such a product. The developers of GTL

technology are ready to provide it when the

price is right.

Two years ago, conventional wisdom was that

synthetic fuel would never be sold neat, that it

would be used only for upgrading higher-sulfur

fuels. The EPA's recent proposal requiring a

separate ultraclean diesel for city use would

change everything. It would create instant, sig

nificant demand for neat synthetic fuels.

Barrriers to Acceptance

Of the many combinations of fuel and engine

options under consideration electricity, com

pressed natural gas, hydrogen, ethanol, metha

nol, hybrid electric vehicles, fuel cells most

would require new technology, major changes in

distribution infrastructure, or both and would

raise substantial questions as to performance,

adequacy and reliability of fuel supply, or con

sumer acceptance. The barriers to rapid incor

poration of new technologies include powerful

political forces for the status quo tied to existing

technologies:

Refiners, with billions of dollars of in

vestment at stake and a secure demand

for current products, have limited moti

vation to make expensive additional in

vestments in cleaner fuels.

Fuel retailers, too, with additional billions

of sunk investment, oppose any new

system that renders their infrastructure

obsolete.

Motorists like their current vehicles.

They have historically refused to trade

them in for replacements that are not

equal or superior in performance, con

venience, range, driving fun, pride of

ownership and safety.

Backward compatibility
- Will current ve

hicles be able to use new fuels with little

or no modification?

Concern over the adequacy of supply

and demand for new fuels - Will refiners

and marketers invest in new fuel sys

tems if they fear costly assets will be

stranded for lack of demand?

Will new fuels be backed by adequate

raw material for several decades down

the road?
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Drivers for Change

Daunting as the barriers may be, says Agee, the
forces for change appear irresistible.

EPA, encouraged by developments in both in

dustries, is taking even stronger action than in

the past by lowering passenger car emission

standards sharply, by extending these standards
to light-duty trucks, and by new initiatives into

fuels regulation notably sulfur content. Be

cause sulfur clogs and impairs antipollution de

vices, EPA has proposed to cut the sulfur con

tent by at least 90 percent over the next 5 years.
Auto companies are asking for 99 percent, and

they may get it.

The EPA also asked for comment on early in

troduction of a near zero-sulfur diesel for the

potential emerging class of light-duty trucks and
Sport Utility Vehicles (SUVs) starting in 2004.

Beginning in the year 2004, manufacturers

would have to start producing vehicles that are

75 to 95 percent cleaner than those rolling off

the assembly lines today.

EPA and DOE appear to be poised to put more

teeth into the Clean Fuel Fleet Vehicle, Alterna

tive Fuel Vehicle and Clean Cities programs

designed to encourage cleaner alternative fuels

and force them into use. DOE has ordered ac

celeration of federal fleet purchases of Alterna

tive Fuel Vehicles (AFVs), and there are state

and industry purchase incentives. DOE is also

plugging the loophole in earlier rules that re

quired agencies to purchase AFVs but not alter

native fuels.

The auto industry itselfseeing the regulatory

handwriting on the wall is a powerful force for

change. It was the Engine Manufacturers Asso

ciation and some auto companies that asked

EPA to require retailers to offer a separate, es

sentially sulfur-free (less than 5 parts per mil

lion) grade of diesel fuel for SUVs and other

light-duty vehicles. Such a step would spark

major changes in the auto and fuels industries.

Auto companies could take advantage of new,

more efficient engine designs and emissions-

control technology, which cannot be used with

fuels containing current sulfur levels. In par

ticular, they see a way to save their most profit

able product SUVs. Without major engine

changes, the popular SUVs cannot comply with

Corporate Average Fuel Economy (CAFE) stan

dards and cannot meet California's 2004 emis

sion standards. With availability of an
ultralow-

sulfur diesel fuel, they see a way to do both.

They can substitute new compression ignition

engine designs in SUVs, thereby gaining the

40 percent fuel improvement inherent in that

type of powerplant, and they can achieve the

reduced pollution through advanced emissions

control technology enabled by the clean fuels.

Ford Motor Company says it will equip all die-

sei-powered vehicles with particulate control

devices, nominally by 2005, provided a guar

anteed supply of sulfur-free fuel is available. To

meet new super-tight California emission stan

dards, says DaimlerChrysier, "there is no other

path than
fuel."

Meanwhile, Western Europe is creating an even

larger role for the new fuel-efficient, low-

emission diesel engines, portending greater

growth for low-sulfur diesel at the expense of

more highly taxed gasoline. Exploiting break

throughs in fuel-injection technology, European

automakers are already marketing
diesel-

powered cars that are peppier, cleaner, quieter

and more efficient than ever. This development

is projected to boost the diesel auto's Western

Europe market share from 22 percent in 1998 to

an estimated 33 percent in 2003.

Costs for products refined from crude oil con

tinue to rise, while synthetic fuels costs are

moving down. The two are moving toward par

ity, says Agee.

Opportunities forAlternatives

The lack of generally available alternatives has

frustrated
policymakers'

efforts to achieve envi

ronmental progress through mandates for

cleaner fuels and engines. As a result, there is

a low-sulfur fuel avalanche roaring down on the

fuels industry, says Agee. Federal officials and

the auto industry see it as the only solution to

achieving the fuel economy and emissions re-
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ductions they desire. State officials say a na

tional low-sulfur fuels standard would have the

same benefit as removing 50 million cars from

the road. Low sulfur fuels are coming. They will
be required not just for autos and light-duty ve
hicles 4 years from now but within the next

10 years, for heavy trucks and buses, off-road

vehicles, railroads and ships.

The separate near-zero sulfur diesel grade is

especially intriguing. As they oppose this pro

posal, refiners are fighting an uphill battle, says

Agee. They are certainly weighing their options
in case it is approved and GTL technology has
to be high on the list.

Having said they cannot make 5 ppm sulfur die

sel, at least not in any real volume, refiners

have left the field open to others for the next

decade. Also, looking 10 years ahead, 5-ppm

sulfur product might not be good enough for fuel

cells, the market of the long-term future that

refiners will not want to abdicate to others. In

that context, the GTL issue becomes simple:

Do they buy it or make it?

In the next decade there may be little incentive

to invest in more expensive conventional refin

ing capacity if GTL proves the safest place to

be. It is a green tool refiners can use to take the

environmental initiative in the era of low-sulfur

fuels, just as leading companies did a genera

tion ago in removing lead from gasoline.

ENVIRONMENT

U.S. STUDY REPORTS ON METHANE

EMISSIONS REDUCTION

The United States Environmental Protection

Agency (EPA) has recently issued its final report

U.S. Methane Emissions 1990-2020: Invento

ries, Projections and Opportunities for Reduc

tions. The report provides emission estimates

for 1990 to 1997 with projections for 2000 to

2020. The cost for reductions in emissions has

been assessed for 2000, 2010 and 2020.

Methane gas is the leading anthropogenic con

tributor to global warming after carbon dioxide.

Atmospheric methane concentrations have dou

bled over the last 200 years and continue to

rise, although the rate of increase is slowing. By

mass, methane has 21 times the global warming

potential of carbon dioxide over a 100-year

timeframe. Methane accounts for 10 percent of

United States greenhouse gas emissions

(excluding sinks), and reducing these emissions

is a key goal of the United States Climate

Change Action Plan (CCAP).

The major sources of anthropogenic methane

emissions in the United States are landfills, ag
riculture (livestock enteric fermentation and ma

nure management), natural gas and oil systems,

and coal mines. Smaller sources in the United

States include rice cultivation, wastewater

treatment and others. Unlike other greenhouse

gases, methane can be used to produce energy

because it is the major component (95 percent)

of natural gas. Consequently, for many meth

ane sources, opportunities exist to reduce emis

sions cost-effectively or at low cost by capturing
the methane and using it as fuel.

Baseline Methane Emission Estimates

In 1990 the United States emitted 169.9 Million

Metric Tons of Carbon Equivalent (MMTCE) or

29.7 Teragrams (Tg) of methane. By 1997 es

timated methane emissions were slightly higher

at 179.6 MMTCE. The baseline United States

methane emission forecast for 2010 is

186.0 MMTCE, which is almost a 10 percent

increase over the 1990 levels. However, this

forecast excludes the expected reductions as

sociated with United States voluntary programs.

When these programs are taken into account,

methane emissions are expected to remain at or

below 1990 levels through 2020. Figure 1

shows current methane emissions and projec

tions by industry.

To estimate historic and future emissions, EPA

characterizes the source industries in detail and
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FIGURE 1
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identifies the specific processes within those

industries that produce emissions. Forecasts

are based on a consistent set of industry factors,

e.g., consumption, prices, technological

changes and infrastructure makeup.

Cost of Reducing Emissions

The report presents the results of benefit-cost

analyses conducted on the opportunities

(technologies and management practices) to

reduce methane emissions from four of the five

major United States sources: landfills, natural

gas systems, coal mining and livestock manure.

The cost analysis is conducted for the

years 2000, 2010 and 2020. All values are in

1996 constant dollars. Results for the source-

specific analyses are summarized below.

The aggregate results of the analysis are pre

sented in Table 1 which summarizes potential

reductions across all sources at various carbon

equivalent values. These reductions are the

summation of source-specific results where dif

ferent discount rates are applied to each source:

8 percent for landfills, 20 percent for natural gas

systems, 15 percent for coal mining and

10 percent for livestock manure management.

For 2010 EPA estimates that up to 34.8 MMTCE

(6.1 Tg) of reductions are possible at energy

market prices of $07TCE. Consequently, meth

ane emissions could be reduced below

1990 emissions of 169.9 MMTCE (29.7 Tg) if

many of the identified opportunities are thor

oughly implemented. At higher emission reduc

tion values, more methane reductions could be

achieved. For example, EPA's analysis indi

cates that with a value of $20/TCE for abated

methane added to the energy market price,

United States reductions could reach

50.3 MMTCE (8.8 Tg) in 2010.

EPA has developed a number of voluntary pro

grams as part of the CCAP to overcome market

barriers and encourage cost-effective methane

recovery projects. In this report, the emission

reductions associated with these CCAP pro

grams have not been subtracted from the base

line emission projections.
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TABLE 1

U.S. BASELINE EMISSIONS AND POTENTIAL REDUCTIONS

(Source-Specific Discount Rates) (MMTCE)

2000 2010 2020

Baseline Emissions 173.9 186.0 183.7

Cumulative Reductions

at $0/TCE 30.8 34.8 35.0

at$10/TCE 36.4 42.3 40.9

at $20/TCE 41.7 50.3 47.4

at $30/TCE 54.6 61.7 58.7

at $40/TCE 56.2 63.5 61.0

at $50/TCE 59.5 66.9 64.8

at $75/TCE 64.3 71.9 70.7

at$100/TCE 67.2 74.9 74.0

at$125/TCE 68.4 76.2 75.5

at$150/TCE 68.7 76.5 75.9

at$175/TCE 69.0 76.8 76.2

at $200/TCE 69.2 77.0 76.5

Remaining Emissions 104.7 108.9 107.2

However, EPA expects that approximately
50 percent ofthe reductions available in 2010 at

$0/TCE will be captured by these programs.

These programs have reduced emissions by
8 MMTCE in 1998 and are expected to reduce

emissions by 12 MMTCE in 2000 and

20 MMTCE in 2010.

RESOURCE

NPC OUTLINES CRITICAL FACTORS TO

ENSURE AVAILABILITY OF NATURAL GAS

At its December 15, 1999, meeting the National

Petroleum Council (NPC) approved its summary

report entitled Meeting the Challenges of the

Nation's Growing Natural Gas Demand and

transmitted it to the United States Secretary of

Energy.

The NPC report concludes that natural gas will

continue to make an important contribution to

the United
States'

energy supply and its envi

ronmental goals. To reach the full potential for

the use of natural gas, the Council recommends

that a national strategy for developing natural

gas supply be established at the highest level of

the government. The Council also recommends

that an interagencywork group be established to

work with industry and other stakeholders to

formulate the strategy, resolve issues, and help
overcome the barriers to meeting future gas

demand.

The critical factors that impact the industry's

ability to meet the anticipated demand are:

Access to the resources and rights of

way

THE SYNTHETIC FUELS REPORT. JANUARY 2000
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Continued technological advancements

Financial requirements for developing
new supply and infrastructure

Availability of skilled workers

Expansion of the United States drilling
fleet

Lead times for development

Changing customer needs

Natural gas demand is projected in this study to

grow from 22 trillion cubic feet (tcf) annually to
29 tcf by 2010 and could exceed 31 tcf in 2015.

This growth will be driven primarily by growth in

the economy and the increased reliance on

natural gas for electricity generation. Almost

50 percent of the 7 tcf increase in demand will

come from the electricity generation sector.

Additional environmental regulations that favor

natural gas usage could drive the demand even

higher.

The natural gas resource base in North America

is adequate to last for many decades, says the
NPC. The estimate of the United States re

source base has increased by 23 percent since
the Council's 1992 Study (from 1,295 tcf to

1,466 tcf, net to 124 tcf of production). How

ever, reaching and producing the resource base

is growing more difficult. New production will be

from deeper wells, deeperwater and more non-

conventional formations. The number of wells

drilled each year would need to double (from

24,000 to 48,000) by 2015 in order to produce

the needed volume of gas. Approximately
2,000 new rigs will be required in this timeframe.

Access to the resource base and to rights-of-

way for infrastructure is a critical factor in

meeting the growing demand. Two of the most

promising regions for future natural gas supply,

the Gulf of Mexico and the Rocky Mountain Re

gion, are subject to significant access restric

tions. Opening restricted areas to development

could significantly increase United States pro

duction, particularly beyond 2010, and lower

future natural gas prices. Most of the access

restrictions are due to environmental concerns.

To meet the predicted demand, United States

production is projected to grow from 19 tcf in

1998 to 25 tcf in 2010 and to approach 27 tcf

in 2015. Deepwater Gulf of Mexico and the

Rocky Mountain Region offer the highest poten

tial for United States supply growth. Canadian

imports are projected to grow from 3 tcf in 1998

to almost 4 tcf by 2010 and 4.5 tcf by 2015.

The delivery infrastructure must continue to ex

pand to serve the growing demand. Over

14 million new customers will be added to the

delivery system by 2015 and many more will

rely on electricity generated by natural gas.

Meeting the requirements of the electricity gen

erators on a significantly larger scale will entail

significant changes in the delivery system, in

cluding changes in operational procedures,

communications, tariffs and contracting.

Almost $1.5 trillion (1998 dollars) will be re

quired to fund the industry through 2015. This

amount includes over $700 billion for operating
expenses and an estimated $781 billion for

capital investments. This equates to an aver

age annual increase in capital expenditures

from $34 billion per year (1990-1998) to

$46 billion per year (1999-2015).

Other recommendations for the industry and

government include:

Drive research and technology develop
ment at a rapid rate

Plan for capital, infrastructure and hu

man resource needs

Streamline processes that impact natural

gas development

Assess the impact of environmental

regulation on natural gas supply and

demand

Design new services to meet changing
customer needs
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The NPC is a federal advisory committee to the request, on matters pertaining to oil and natural

Secretary of Energy. The sole purpose of the gas or to the oil and gas industries.

Council is to advise, inform and make recom

mendations to the Secretary of Energy, at his ####
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STATUS OF NATURAL GAS PROJECTS

COMMERCIALANDR&D PROJECTS (Underline denotes changes since January 1999)

ARTJNACHAL PRADESH NATURAL GAS CONVERSION PROJECT - Rentech Inc., Esquire Gujarat Petrochemicals Corporation Ltd.,
Donyi-

Polo Petrochemical Ltd, State ofAnmachal Pradesh, andOil India, Ltd. (NG-05)

Rentech, Inc. is designing a gas conversion plant to he located in Anmachal Pradesh in northwest India. The plant, using Rentech's proprietary

technology,will produce 350 barrels per day of liquid hydrocarbons from flared natural gas. Rentech has completed a $300,000 design contract

for the Anmachal Pradesh plant Process equipment from the FuelCo Synhytech Plant has been dismantled and transported to the Donyi-Polo

plant in Anmachal Pradesh Engineering work by Rentech on the Donyi-Polo plant was completed in 1996. In 1997 an Indian catalyst

manufacturerwas chosen and equipment fromRentech's Pueblo, Colorado, facilitywas being refurbished inCalcutta, India.

Current projections for the Arunachal Pradesh project indicate plant startup in 2000. At full operation the project is expected to produce 4,900

tons per year of soft wax (m.p.>58C) and 8,900 tons per year ofhard wax (m.p.>95cC) using 100,000 cubic meters per day of flared gas as

feedstock.

ProjectCost $10Million

MOSSGAS SYNFUELS PLANT - Mossgas (PMLimited (NG-20)

In 1988 the SouthAfrican government approved a plan for a synthetic fuels from offshore natural gas plant to be located near the town ofMossel

Bay offthe southeast coast Gas for the synthesis plant is taken from an offshore platform which was completed in 1991. The SASOL Synthol

technologywas selected for the project

Construction ofthe onshore plantwas completed inmid-1992. Commercial productionwas achieved in January 1993 at full design capacity.

Based on the original design, theMossgas complex was to produce only automotive fuels and the license from Sasol for the synthesis units reads

accordingly. Chemicals such as aldehydes and ketones are hydrogenated to alcohol and the entire alcohol production, with the exception ofthe

heavy alcohols, was to be blended into gasoline. By 1993 automotive fuels were no longer themost valuable products. Mossgas has therefore

been investigating the scope for increased production and opportunities to produce value added products. The company's vision is to establish an

olefins production complexwithvalue addition through downstream derivatives, ftmust renegotiate the license agreement to do so.

Total plant output is 32.000 barrels per dav of liquids, of which 24.000 comes from F-T synthesis and the balance comes from condensate

associated with the natural gas. Bvmid-2000. Mossgas will produce an additional 8.000 barrels per dav ofproducts from its condensate top-up

project This $17.4million project will allowMossgas to import low-sulfur condensate to augment its own gas-associated condensate. Increasing
the syngas production capacity is also being investigated, because the synthesis units have considerable spare capacity and only an additional

reforming trainwill be required.

The gas reserves were extended in 1997 with two projects at a total cost of $205 million. Approval has been given for the development of

additional gas reserves at an estimated cost of$R380 million to supply gas to the year 2008. Further exploration in the Bredasdorp Basin began

inOctober 1998.

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 ofa

tubular reformingplant which is followed by a secondary oxygen blown reforming reactor plant The capacity oftbe three-train reforming plant

would be sufficient for the production of7,000 tons per day ofmethanol.

Using an iron-based catalyst, the synthesis gas from the natural gas reforming plant is catalytically converted to rmdominantly light olefinic

hydrocarbons. The tailgas from Synthol is sent to the Tailgas Treatment plant where products (propylene, butylene and Cj+ condensate) are

cryogenically removed before the gas is recycled back to a natural gas reforming plant Hydrocarbons from Synthol are refined by conventional

methods to produce the final fuels.

The on-shore plant can process 230,000
Nm3

ofgas per hour.

Final Project Cost: Onshore and offshore $3.15 billion

CommissioningCosts $0.47 billion
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STATUSOFNATURAL GASPROJECTS (Underline denotes changes since January 1999)

COMMERCIAL PROJECTS (Continued)

NEWZEALANDMethanol Operations - MethanexNewZealandLimited (NG-30)

MethanexNewZealand limited, formed in 1993, is awholly owned subsidiary ofthe r'.apadfrti based Methanex Corporation.

At theMotunui plant natural gas from theMaui andKapuni fields is converted into crudemethanoL This crudemethanol is then either converted

into high qualitymethanol for theworld market or converted into unleaded gasoline. Built between 1982 and 1985, mis dual purpose plant has

the capability to produce either 2million tonnes ofchemical grade methanol or750,000 tonnes ofunleaded gasoline peryear.

AtWaharaValley,Methanex's secondNewZealandplant natural gas is converted to chemical grade methanol for the exportmarket at the rate of

520,000 tonnes peryear.

TheMotunui plantwas built originally as a gas-to-gasoline plant whh all ofthe crude methanol manufactured at the site converted into unlfadud

gasoline. This changed in 1991 when a second distillation column was added to tbe Wahara Valley plant and 25 percent ofthe crude from

Motunui couldbe piped there for distillation.

InDecember 1994 a 2,000 tame per day distillation unit came on stream atMotunui allowing for the further distillation of35 percent ofcrude

methanoL In June 1995, a second distillation unit, also 2,000 tonnes per day, came on stream at Motunui, giving the plant total flexibility to
produce either 100 percent distilledmethanol or 100 percent gasoline.

SHELLMALAYSIAMIDDLE DISTILLATES SYNTHESIS PLANT - SheUMDS (72 percent!Mitsubishi (14.6 percent! Petronas (6.7 pereentX

Sarawak State Government (6.7 percent) (NG-501

Theworld's first commercial plant to produce middle distillates from natural gas was started up by Shell in April 1993. The $660milhon unit is
built next to the Bintulu LNG plant in the state ofSarawak, Malaysia. From 100 million cubic feet per day ofnatural gas feedstock, the daily
output ofUquid fuels is approximately 12,500 barrels per day.

The SheUmiddle distiUates synthesis process (SMDS) is based onmodernized Fischer-Tropsch technologywhich reacts an intermediate synthesis
gas with a highly active and selective catalyst The SheU catalystminimises coproduction ofUght hydrocarbons unlike classical Fischer-Tropsch

catalysts. The plant has operating flexibility so that while maintaining maximum output the composition ofthe product package, which wiU

contain lowmolecularweight paraffins andwaxes, canbe varied tomatchmarket demand.

Since 1994, due to low prices for distillate fuels, SheU has shifted production toward higher-valuedwax products, solvents, detergent feedstocks

andwaxy raffinates.

InDecember 1997 the plantwas disabled by an explosion and fire. The plant is being reconstructed to be fully operational byApril 2000.

During reconstruction the plant capacitywill be increased bv improvements in the F-T catalyst and larger reactors. Production capacity should

increase bv 25 percent

Project Cost $660million
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