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GENERAL

PROJECT ACTIVITIES

SCHWARZ PUMPE PLANT TO ADD BGL

GASIFIER

After the German reunification in 1990, the

Schwarze Pumpe town gas plant in the German

Democratic Republic (GDR) was converted

within a short period of time from producing

town gas from local lignite to making synthesis

gas for methanol and fuel gas for combined-

cycle power generation from a wide variety of

solid and liquid wastes, residues and contami

nated materials.

Further extension plans include the conversion

of the existing grate-gasification technology to

the British Gas/Lurgi slagging gasification proc

ess (BGL) operating under elevated pressure,

offering additional advantages for the new ap

plication. The status of these efforts was sum

marized in a paper by W. Seifert et al. at the

conference "Gasification: The Gateway to a

Cleaner
Future,"

held in September, in Dresden,

Germany.

The town gas plant at Schwarze Pumpe started

production in 1964 with 24 fixed-bed gasifiers.

Schwarze Pumpe finally supplied about

75 percent of the total town gas consumption of

the GDR. After reunification, town gas produc

tion from lignite was gradually replaced by natu

ral gas, until 1996 when town gas production

ceased completely.

Early on, various ideas were pursued
to use the

existing facilities for the conversion of all sorts

of wastes, contaminated solids and liquids and

other difficult materials into useful products in

an environmentally friendly manner.
Successful

tests were carried out with materials such as

contaminated solids/liquids, sewage sludge,

plastics, rubber and
other problematicwastes.

In 1996 Schwarze Pumpenow SVZ Sekun-

daarrohstoff Verwertungszentrum Schwarze

Pumpe (Center for the Reuse of Secondary
Raw

Materials) was acquired by BWB-Berliner

Wasserbetriebe (Berlin Water Authority) from

the German Treuhand, the government agency

in charge of privatization of former state-owned

industries.

New environmental laws and regulations for the

reuse of materials in Germany are having a

major impact on the German waste industry.

Consequences include:

Drastic reduction in waste produced by

households, industries, etc.

Change in waste composition and heat

ing value depending on the local collec

tion scheme

Need for the recycling of materials such

as plastics, glass, metals, etc.

Residual wastes, i.e., material not suitable for

recycling, has to be disposed of in a disposal

areaif permitted or by thermal treatment.

The latter may be conventional
combustion on a

grate, pyrolysis or by gasification.

Compared to the former two methods, gasifica

tion offers the following advantages:

Production of synthesis or fuel gas at

atmospheric or elevated pressure

Recovery of mineral matter in the waste

as slag (e.g., in the BGL process)

Environmental compatibility

High thermal efficiency

Feedstock flexibility (solid and liquid

wastes)

Favorable economics

SVZ's decision for the gasification route was

based on the above advantages and on the

proven track record and the availability on-site

of most units that make up the gasification

process chain.

THE SYNTHETIC FUELS REPORT. JANUARY 1999
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GENERAL

The SVZ plant currently comprises (Figure 1):

Receiving bunkers for sewage sludge,

plastics, contaminated wood, fluff, waste

pellets, others

Agglomeration facilities for sewage

sludge (piston press briquetting) and

plastics (extruders)

Seven fixed-bed gasifiers

Two types of entrained-flow gasifiers

Partial gas conditioning (CO-shifting)

Rectisol gas purification/sulfur removal

with flue gas desulfurization

Waste water treatment

120,000-tonne per year methanol plant

75-megawatt-electrical combined-cycle

powerplant

Part ofthe clean gas is sold over the fence to an

industrial consumer.

After reunification, the Schwarze Pumpe com

plexwas split into three separate companies, for

the mining operation, power generation and the

SVZ plants.

Description ofthe Gasification Plant

Waste gasification is the core unit of the SVZ

plant. Three types of gasifier are being used in

the present configuration.

FIGURE 1

SCHWARZE PUMPE PRESENT STATUSAND FUTURE EXPANSION
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GENERAL

Solid wastes such as plastics, sewage sludge,

rubber, fluff, contaminated wood, residues of

paint, household wastes, etc. are processed in
seven fixed-bed gasifiers of the former town gas
plant. These gasifiers have an inner diameter
of 3.6 meters and operate at a pressure of

24 bar. The gasification agent is a mixture of

steam and oxygen. Gasifier capacity ranges

from 8 to 14 tons per hour depending on feed

stock composition. Because fixed-bed gasifiers

require fuel in lump form (20 to 80 millimeters)
prior agglomeration of the feed by briquetting,

pelletizing or some other method is required.

Liquid wastes, such as tar/oil from above fixed-

bed gasifiers, used oils, solvents, oil/water

emulsions are gasified in a refractory-lined,

entrained-flow gasifier. This type of entrained-

flow gasifier has been in operation since 1969

for the gasification of tar and oil from lignite

coking.

The former GSP entrained-flow reactor for dry
lignite gasification has been modified to process

liquid feedstock such as oils and slurries. The

reactor is equipped with a cooling system for

operation at temperatures between 1,600

and 1 ,800C. The ash leaves the reactor in liq
uid form.

The gases from the entrained-flow reactors are

partly shifted prior to purification in a Rectisol

gas purification unit.

Operational Results

In the period between 1992 and 1998, close to

1 million tons of waste materials have been

gasified, with waste plastics and sewage sludge

being the main solid feedstocks. The addition of

coal (lignite briquettes) was required to comply

with the permit issued by the environmental

agency, Freiberg/Saxony.

At present the gasification plant is operated at a

waste-to-coal feed ratio of 50/50, on a weight

basis. In August 1998 SVZ received a new

permit from the permitting agency to increase

this ratio to 85 percent waste and 15 percent

coal, so as to improve the economics of waste

recycling.

Late in 1994 discussions between SVZ and

Lurgi were resumed (they had begun in 1990)

with a view to using the BGL gasifier as a sub

stitute for the SVZ grate gasifiers. Compared to

grate gasifiers, the BGL gasifier offers the

benefits of much higher specific throughput,

significantly lower gasification steam require

ment, the production of molten slag, the possi

bility of partial/total recycle of tars/oil to the

gasifier, and other positive features. Following

various stages of discussions and studies, Lurgi

in 1996 received the order for the basic and

permitting engineering, followed by the order for

the detailed engineering, supply, erection and

startup for one BGL gasifier at SVZ (Phase I of

the SVZ extension plant).

Committed Extensions of the SVZ Plant

Since the German reunification, the Schwarze

Pumpe complex has undergone a number of

major changes. Some plants have already been

pulled down, e.g., the coke ovens; others are

replaced by modem ones, such as the

1 ,000-megawatt lignite-fired powerplant and

new plants will be or have already been added

to serve SVZ's new purpose as center for the

use of secondary wastes. Those plants include

(Figure 2):

Waste receiving and pelletizing

BGL gasification of various wastes; gas

liquor separation

120,000-tonne per year methanol syn

thesis

75-megawatt-electrical gas/steam-tur

bine combined-cycle powerplant

The methanol synthesis and the combined-cycle

powerplant was started up in 1997. Both plants

represent proven technologies for conventional

fuels and feedstocks such as natural gas or

(fuel) oil. The use of fuel or synthesis gas from

1-3

THE SYNTHETIC FUELS REPORT, JANUARY 1999



GENERAL

FIGURE 2

SVZ SCHWARZE PUMPE -WASTE PELLETIZING AND BGLGASIFICATION
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wastes and residues for methanol production

and combined-cycle power generation is, how

ever, new and unique.

Waste Receiving and Pelletizing (Figure 2)

Household and similar industrial wastes as well

as plastic waste, shredder light fraction and

contaminated wood are first crushed in a shred

der to pieces below 80 millimeters. Iron and

metals are removed magnetically or electrically,

respectively. If required, organic and inorganic

residues are removed either for disposal or

separate pelletizing, which produces pellets of

better quality. The wastes are then dried from

about 30 percent to below 10 percent moisture,

mixed with a binder, if necessary to improve

pellet quality, and fed to pelletizing presses. In

the presses, wastes and binder are pressed by
rollers through a die ring having a large number
of 10- to 20-millimeter holes. In this way, pellets

of 20- to 70-millimeter length are produced.

Through internal friction pellets reach a tem

perature of around 100C. They are subse

quently cooled in a down-stream air cooler to

around 30C.

The plant will have a capacity of 120,000 tonnes
per year of household waste in the first exten
sion step. Startup was scheduled for 1998.

1-4

THE SYNTHETIC FUELS REPORT. JANUARY 1999



GENERAL

BGL Gasification

The pellets and other wastes are gasified at a

pressure of 27 bar in a BGL fixed-bed gasifier,

using steam and oxygen as gasification agents.

The BGL gasifier is the only gasifier in which

gasification of large particles and vitrification of

inorganic matter can be carried out under pres

sure in the same reactor.

Steam and oxygen are introduced at the bottom

through tuyeres (water-cooled tubes). Slag is

withdrawn automatically after quenching in the

water-filled quench vesselfrom the slag lock

hopper as a frit of about 3 millimeters. Crude

gas leaves the top of the gasifier with a tem

perature of between 400 and 500C. It is then

scrubbed with recycled gas liquor. CO-shifting
of the gas flowing to the methanol synthesis is

required to obtain the necessary H2/CO ratio.

Gas liquor from gas cooling contains tars and

oils from the carbonization zone in the gasifiers.

After separation by gravity, tars and oils are re

cycled to the gasifier or sent to an entrained-

flow gasifier.

In the first step of extension one BGL gasifier

with a maximum capacity of 30 tonnes per hour

will be installed. The gasifier capacity will vary

with feedstock properties and composition.

Construction on-site started in the first half of

1998, with startup being scheduled for 1999.

This will be followed by a demonstration and

optimization phase.

STARTUP OF SHELL PERNIS RESIDUE

GASIFICATION PLANT DESCRIBED

The Shell Gasification Process (SGP) is an effi

cient and environmentally benign process for

converting heavy refinery residues into clean

products. In the Shell Pemis refinery this proc

ess has been made part of a major refinery re

vamp. In this project (called PER+) the SGP is

the key element in converting heavy refinery

residue into hydrogen and clean fuel gas for

power. The successful startup of the PER+

project was described by P. Zuideveld, of Shell

International Oil Products B.V.,etal. at the

1998 Gasification Technologies Conference

held in San Francisco, California, in October.

The PER+ refinery rejuvenation project cen

tered around the integration of the following

units:

A worid-scale hydrocracking unit of

8,000 tons per day throughput with a hy

drogen consumption of 285 tons per day

A 1 ,650-ton per day residue gasification

unit for the production of both hydrogen

for the hydrocracker and clean fuel gas

for a cogeneration powerplant.

A cogeneration powerplant comprising

two gas turbines (GE frame 6) and two

steam-turbine generator sets that con

sume the clean gas from the gasification

not needed for the production of hydro

gen as well as all the steam generated in

the gasification process.

Construction started in 1993 and the full project

was completed by the end of 1997. Following

construction, commissioning and startup, the

plant was in full operation in early 1 998.

Shell Gasification in PER+ for Hydrogen

Manufacture

For the new hydrocracker a significant amount

of hydrogen is needed. Thus a hydrogen plant

based on the SGP was developed, named,

Shell Gasification Hydrogen Plant (SGHP). Be

cause this SGHP was to play a key role in the

new refinery configuration, an obvious require

ment for the design was to base it on proven

technology.

The SGHP has the following configuration (see

Figure 1).

Gasification - The gasification is done in three

parallel trains with a total capacity of 1 ,650 tons

per day residue, either vacuum flashed cracked

residue from the thermal cracking unit or a

mixture of straight-run vacuum residue and pro-

1-5
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FIGURE 1

CONFIGURATION OFSGHP
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pane asphalt. Each train consists of feed

pumps, a reactor-effluent boiler combination,

boiler feed water preheating, soot-quench and

soot-scrubbing. The gasification is performed at

about 1 ,350C and 65 bar. The product of the

partial oxidation reaction is a raw synthesis gas

which contains particles of soot and ash; typical

values are around 0.5 weight percent on feed.

The recovery of the high quality sensible heat

contained in this gas is an integral feature of the

SGP. The raw gas is cooled to below 400C

and the heat recovered produces high pressure

steam at about 95 bar. This pressure level is

set to match that of the heat recovery steam

generators downstream of the gas turbines. In

this way the saturated steam from the SGP ef

fluent boilers can be superheated in the power-

plant and used for power generation. After the

boiler the raw gas is passed through an econo

mizer where boiler feed water is heated from

140 to 200C, before reaching the soot quench

for particulate removal. Next raw gas passes

through a cooler before entering the scrubber.

After leaving the scrubber at a temperature of

about 40C the gas has a residual soot content

of less than 1 milligram per cubic meter and is

suitable for feeding to the desulfurization unit.

Sulfur Removal - For the treating of the raw

syngas the Lurgi Rectisol process, which inte-

1-6
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grates sulfur removal with the C02 removal

downstream from the CO-shift, was chosen.

CO-Shift Conversion - The desulfurized syn

gas is shifted in two steps to a residual CO level
of about 1 percent volume (dry). The first stage

(HTS) is at high temperature, in a Lurgi reactor.
For the second stage a copper-based Low-

Temperature Shift system (LTS) is selected.

Carbon Dioxide Removal - After the CO-shift

a full C02 removal is done, again with Rectisol,
which is integrated with the sulfur removal. To

minimize methanol emissions (150 milligrams

per cubic meter is a limit) prior to venting, the

C02 is subjected to a water wash.

Methanation - Residual carbon oxides are con

verted in a catalytic methanation reaction yield

ing hydrogen of over 98 percent purity at a

pressure of about 47 bar.

Soot and Ash Handling - The Soot Ash Re

moval Unit (SARU) was developed in 1991 as a

new, more environmentally friendly and eco

nomic method of soot/ash removal for gasifica

tion. It also avoids the buildup of ash in the

gasifier feed, as is the case with recycling proc

esses.

The soot formed in the partial oxidation reaction

is removed from the system with the process

condensate as a soot slurry (1 percent weight

carbon on water) and is routed to the SARU.

After soot removal the water is returned to the

soot scrubbing section, and excess water is

routed to the waste water treatment section.

The soot and ash are filtered out of the slurry

producing a hard filter cake with about

20 percent weight solids and a clear water fil

trate.

The filter cake is subjected to controlled oxida

tion in a multiple hearth furnace. This furnace

yields a metals oxides ash with vanadium oxide

typically around 65 percent. The ash is a mar

ketable product.

Start of the SGHP, First Operational

Experiences

The gasification plant in PER+ is the first appli

cation of heavy residue gasification fully inte

grated in a refinery operation.

The first start of the first gasifier was in

mid-October 1997 and by the end of that month

the first hydrogen was produced. The second

gasifier was started directly after this. The

steam produced by the SGP effluent boiler was

already processed in the powerplant.

A description of the automatic start of the gasi

fier is noteworthy. The reactor is being heated

to starting temperature with natural gas and air

with the main burner. Upon reaching the start

ing temperature the condition is held as long as

needed to have the steam, oil and oxygen sys

tems lined up ready for the start. When the

systems are ready the operator can initiate the

start from the panel. There is then no operator

action outside needed; no burner exchange is

required. Then about 10 minutes after the ini

tiation of the start the unit is operating steady at

about 65 bar and 70 percent capacity. Because

of the method of control of the start-and-stop of

a gasifier no adverse effects on the operation of

other gasifiers were encountered.

In case of a plant stop or trip the system auto

matically brings the unit back to a situation

where the operator can restart the heat-up mode
on natural gas/air, also then no re-installation of

a heat-up burner is required.

To test for the first time the gasification reactor

line for potential flange leakages, the whole

gasification section was pressure tested inte

grally at about 50 bar with nitrogen when the

reactorwas heated to well above 1 ,000C.

Within hours after the start of the first gasifier

the raw synthesis gas was passed to the down

stream Rectisol desulfurization section. Prepa
ration for the start of this section (in conjunction

with the C02 removal section) was done by an
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extensive commissioning with water. Only after
this the solvent was put in the unit and cool

down of the unit started. As a consequence of

this and the successful hydraulic bolt tensioning
program the admission of synthesis gas to the

Rectisol went relatively smoothly, particularly,

there was no leakage of the low-temperature

flanges.

The performance of the CO-shift section was as

expected. The low-temperature CO-shift cata

lyst proved to be as good as predicted from

laboratory tests. Major attention here went to

the vortex- and ultrasonic flow measurements.

In early 1998 the full SGHP was on line and

producing hydrogen and syngas for the gas tur

bines on demand, i.e., following the hy
drocracker and powerplant. The plant fully
meets the high degree of reliability demanded

for this type of operation, say Zuideveld et al.

CORPORATIONS

GENERAL MOTORS AND BRITISH

PETROLEUM SIGN UP FOR ACTION

AGAINST GLOBALWARMING

In October General Motors, Monsanto, British

Petroleum and the World Resources Institute

called for actions to reduce the risk of climate

change. For more than 18 months, the group

evaluated scenarios for meeting future world

energy demand, explored new technologies and

potential business opportunities, and reviewed

how different policies could encourage busi

nesses and consumers to respond.

The group noted that while climate science is

evolving, there is a growing consensus that ac

tion is merited. Further, it found that the long-

term nature of the challenge means that durable

policy pathways need to be identified that can

maximize sustainable economic development

and environmental protection.

Partners agreed that the climate challenge pro

vides business and industry an opportunity to

lead and innovate, by offering products and

services that take advantage of markets driven

by climate policy. Business has strategic re

sponsibility to its employees, shareholders,

customers and the public to respond to the

global climate issue through the following ac

tions:

Measure, track and openly report green

house gas emissions from their opera

tions.

Seize near-term opportunities to reduce

and sequester greenhouse gas emis

sions worldwide.

Develop new cost-effective technologies,

products and business ventures for

minimizing emissions and achieving se

questration in the
21st

century.

Include global climate considerations in

new investment decisions in both devel

oped and developing nations.

Educate employees, customers, suppli

ers and other key stakeholders on cli

mate change issues.

Participate in the debate on climate

change at both the national and interna

tional level and contribute constructively

to policy formulation and implementa

tion.

Moreover, they called for government actions

that are also essential to reduce the risk of cli

mate change and put society on a long-term

path to stabilizing greenhouse gas concentra

tions, including:

Consider potential climate impacts and

other social and environmental co-

benefits in policymaking and resolve

conflicts between laws and regulations.
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Implement market-based mechanisms

based on national commitments and

eliminate fossil fuel subsidies.

Increase support for basic research on

climate science and economics.

Expand cooperative industry-

government research programs to de

velop new, commercially viable, energy

efficient, alternative fuels and carbon

sequestration technology.

Engage all stakeholders in a broad dis

cussion to raise awareness and formu

late appropriate responses to the global

climate issue.

Establish mechanisms that enable de

veloped and developing countries to im

plement cost-effective options to achieve

sustainable development objectives.

The group will continue to work collaboratively
to implement the agenda in the next phase of

the initiative. The "action
agenda"

includes:

Developing a joint protocol for measuring
and reporting of greenhouse gas emis

sions from the
companies'

global opera

tions.

Achieving early reductions through best

practices in the areas of energy effi

ciency, carbon offsets and emissions

trading.

Using purchasing leverage to promote

supplier energy performance and build

market demand for low-cost renewable

energy.

Making climate protection an explicit

criterion in global business investments.

Expanding the initiative to include com

panies, environmental organizations and

governments in policy dialogues on

technology transfer, emissions trading,

and other mechanisms.

The group said it also hopes its cooperative ef

fort inspires others to engage in the climate de

bate and to undertake similar commitments.

ENERGY POLICY AND FORECASTS

"OPTIMIST"
PREDICTS WORLD OIL

DEMAND WILL OUTSTRIP PRODUCTION

IN 2020

A 37-year veteran of the oil industry now teach

ing at the University of Colorado at Boulder says

his
"optimistic"

prediction is that the world's de

mand for oil will outstrip supply in 2020. When

that energy gap occurs, the world will need to

begin making up the difference from solar

power, nuclear power and other renewable en

ergy resources, according to J. Edwards.

"It is important that people realize that renew

able energy sources are where we need to be
headed,"

he said. Edwards delivered his find

ings October 25 at the annual meeting of the

Geological Society of America in Toronto, On

tario, Canada.

Edwards spent 37 years as a geologist and chief

geologist with Shell Oil before becoming direc

tor of the University of Colorado Energy and

Minerals Applied Research Center in 1 992. He

is now an adjunct professor teaching classes on
petroleum geology and world resources.

Edwards views himself as an optimist because

he believes that a substantial amount of oil re

mains to be discovered, more than 1 trillion bar

rels, and that technology will allow up to

75 percent of the oil to be extracted from exist

ing fields, up from the current maximum of

about 50 percent. He says a leading pessimist

believes the peak world oil production will occur

before 2010.

Edwards predicts that world crude oil production

will peak in 2020 at 90 million barrels per day
(Figure 1). He forecasts that United States
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FIGURE 1

WORLD ENERGYSUPPLIES
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crude oil production will cease by about 2090

(Figure 2, next page) and world production will

be nearly exhausted by the year 21 00.

His forecast is based on total recoverable crude

oil resources of about 3 trillion barrels. Most

estimates fall between 2 and 3 trillion barrels.

"Our children and grandchildren are going to be

mad at us for burning all this
oil,"

because oil

can be put to more valuable use in producing
petrochemicals and pharmaceuticals such as

plastics, fertilizers, herbicides and medicines, he
said. "It took the Earth 500 million years to cre

ate the stuffwe are burning in 200
years."

In
Edwards'

analysis he notes that:

Eighty-five percent of the world's energy
now comes from oil, gas and coal.

Coal is the most abundant fuel, with

more than a 200-year supply.

More than 50 percent of United States

electrical energy is provided by coal.

Gas is the cleanest fossil fuel, but there

are problems in transporting it to markets

by pipeline or liquid natural gas tankers.

Europe and the United States are con

verting from coal-fired electric power-

plants to gas fired powerplants.

Non-OPEC nations currently produce

60 percent of the world's oil supply but

OPEC controls 75 percent of known re

serves and by 2010 is expected to sup

ply more than half the world's oil.

Oil exploration costs are going down and

the success rate is going up. New tech

nology is allowing more oil to be ex

tracted from existing fields than ever

before.

The biggest factors in calculating future

energy demand are world population

growth and the rising standard of living in

developing countries.

After 2020, the development of renewable,
non-

polluting energy sources solar, wind and geo-

thermal-^will be needed to fill the gap, Edwards

said. Some oil companies already are con

ducting research into solar and other renewable

energy sources, but more government-funded

research also is needed, he said.

Edwards also believes that nuclear energy will

play a significant role, perhaps providing up to

20 percent of world energy needs in the latter

half of the next century.

"We have the capability of building a first-rate,

fail-safe nuclear
powerplant,"

Edwards said.

"And we can solve the waste disposal
problem."

SHELL OUTLOOK FOR 2050 SEES BIG

CONTRIBUTION FROM RENEWABLES

A presentation by R. Walvis of Shell Interna

tional Ltd. at the Aspen Energy and Environ

mental Roundtable held in September ad

dressed the commercial impulse for sustainable

development.

Walvis began by noting that sustainable devel

opment requires balancing inseparable and in

terdependent economic, social and environ

mental needs. Our standard of living is not just

cash in our pockets; it embraces our relationship
with others and with the environment. However,
sustainable development does offer new com

mercial opportunities, says Walvis. Shell com

panies are contributing to the evolution of sus

tainable energy systems by extending their gas

and power businesses, developing renewable

energy supplies and working on alternative

transport fuels.

According to Walvis, market competition is a

necessary mechanism for encouraging innova

tion, testing alternatives and allocating re

sources. It requires companies to respond to
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FIGURE 2

UNITED STATES ENERGYSUPPLIES
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customer demands, societal

regulatory requirements.

The Challenge of Energy

pressures and

Raising average world energy consumption to

just half the current Organization for Economic

Cooperation and Development level would re

quire increasing global energy supplies by three-

quarters. And this takes no account of the ex

pectation that world population will grow by a

quarter
mostly in developing countries over

the next 20 years.

Meeting such energy needs while safeguarding
the environment on which we all depend is a

formidable challenge. But it is not an impossi

ble one, says Walvis. Imprisoned in today's

assumptions, we too often lose sight of the hu

man ability to leam and adapt, to solve prob

lems and to pursue new possibilities, he says.

The
20th

century has been transformed by the

gasoline-driven internal combustion engine. In

1900 its success was far from assured;
coal-

fired steam and electricity seemed unassailable.

The internal combustion engine had been de

veloped for coal gas. The genius of Henry Ford

gained automobiles a mass market. But it de

pended on thermal cracking to double the refin

ery yield of gasoline. This was just one of a

myriad of necessary advances in geology,

drilling, oil transportation, refining, manufactur

ing, engine technology and vehicle design.

As we approach another century, the internal

combustion engine faces new competitors. Al

ternative engines are being developed hybrid,

electric, fuel cell. Shell companies are working

together with Daimler-Benz on hydrogen fuel-

cell technology. Shell aims to contribute

through the Shell "catalytic partial
oxidation"

technology, which converts liquid fuels into a

hydrogen-rich gas. But nobody yet knows which

technologies will succeed.

Evolution of Energy Supplies

Shell companies have developed two scenarios

which explore how energy systems could evolve

during the first half of the next century.

The first scenario is called Sustained Growth

and presumes that the market delivers abundant

energy supplies at competitive prices. Energy

efficiency continues to improve at historic rates.

Energy demand grows by two-thirds by 2020

and nearly 3-fold by mid-century. Fossil fuels

meet this growth for the first quarter of the cen

tury. But by 2050 they only supply one-third of

energy needs, compared with four-fifths today.

As depicted in Figure 1 ,
their place is taken by

renewable sources including wind, solar and

biomass.

FIGURE 1

WORLD ENERGYSUPPLIES IN 2050 UNDERSHELLSCENARIOS
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The second scenario is called Dematerialization

and envisages a world in which new technolo

gies, systems and lifestyles allow us to use en

ergy much more efficiently. Average per capita

energy consumptionwhich nearly doubles in

the previous scenario rises by only some

15 percent by 2050. Renewables grow more

slowly, and fossil fuels still supply half the

world's energy by mid-century.

In both scenarios oil supplies peak around 2025

and gas becomes increasingly important. In

Dematerialization, gas use doubles by 2050.
Since these scenarios were developed Shell has

put even greater emphasis on the role of gas.

Are such scenarios plausible? Can renewables

become sufficiently competitive to take such a

major role in energy supplies? Can energy effi

ciency be improved so much?

Walvis notes that wind and biomass power gen

eration is already competitive in niche markets.

The cost reduction required for wider competi

tiveness is no greater than that achieved by
many previous technologies. Development of

new thin-film photovoltaic technology based

on light-sensitive dyes rather than silicon cells

will accelerate the reduction in solar-panel

manufacturing costs.

Climate Change

Market liberalization and environmental regula

tion drives the search for greater efficiency.

And we may only be at the beginning of a

transformation in lifestyles and systems made

possible by information technology. Unlike

"business as
usual"

extrapolations, these sce

narios suggest carbon dioxide emissions could

peak in the first half of next century and fall be

low today's levels by the end of it. (See Fig
ure 2.)

Walvis states that Shell sees great opportunities

in evolving energy markets. This is why Shell

companies are working so hard to develop their

gas interests. "Extending into power generation

is part of this strategy. Shell is investing in re

newables to create a commercial business. The

company sees these steps as essential compo

nents of a strategy of long-term profitable

growth.

NEW FORECASTING METHODOLOGY

PREDICTS HIGH GROWTH RATE FOR

ENERGY IN DEVELOPING COUNTRIES

The developing world, with three-fourths of the

world's population, consumes less than one-

FIGURE 2

CARBON DIOXIDE EMISSIONS FROM FOSSIL FUELS
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quarter of the world's commercial energy. As

these countries grow and develop they will con

sume a larger share of the world's commercial

energy. C. Dahl of the Colorado School of

Mines, Golden, Colorado, and L. McDonald of

Hazen and Sawyer, Fort Collins, Colorado, es
timated the changes in the developing world's

energy consumption in the coming decades,
using available econometric estimates of in

come and price elasticities and other historical

trends for income, population, and price growth.

The results were summarized in Energy
Sources, 20:875-889, 1 998.

Earlier work by Dahl, which surveyed over

100 studies and stratified energy demands into

78 different categories, was used as the basis

for this current analysis. The earlier analysis

forecasted total energy consumption to increase

by 88 percent between 1988 and 2000.

In this study, country-specific forecasts were

made based on historical differences in income

and price elasticities as well as differing
changes in income, population and energy

prices.

Base Case Forecasts Implied by Historical

Data

Using a weighted average elasticity of all coun

tries, the intermediate elasticities imply energy
growth rates between 5.6 and 6 percent for the

next 30 years, which is close to the growth rate

of energy for the last 30 years around

6 percent for the developing world.

However, there is a wide variation in these fore

casts. By 2030 intermediate run forecasts vary

from over 25-fold increases in Libya and Oman

to a 24 percent decrease in Qatar.

The long-run elasticities imply a more dramatic

increase averaging between 8.4 to 9.2 percent

over the next 30 years. However, these esti

mates may be less accurate than the estimates

for the intermediate elasticities, say the authors.

Because there is large variation across the fore

casts by country, the sources of the variance

were isolated by replacing each forecasting

variable by the mean value for the sample. In

most cases using the averages reduces the

forecasted energy demand growth rate. How

ever, the implied energy growth rates remain

high: over 5.4 percent in the intermediate run

and over 7.1 percent in the long run.

Using averages also reduces the variances of

the forecasts in most cases. Varying price and

income growth rates appear to cause the largest

variance across countries.

The above sensitivity test considered variation

across countries. However, the standard devia

tions of all the forecasting variables have varied

considerably across time within the same coun

tries.

To quantify this uncertainty across time, addi

tional sensitivity tests for each country were

done, varying each variable one at a time from

one standard deviation below to one standard

deviation above the base case value. The

overall growth rate for all countries and scenar

ios in the intermediate run is 6.7 percent per

year with a standard deviation of 3.1 percent.

The overall growth rate in the long run is

9.9 percent with a standard deviation of

3.4 percent. In both the intermediate and long-

run estimates the scenarios that change annual

income and price growth cause the largest

change in overall forecasts.

Although in most cases there are large varia

tions across countries and across scenarios,

most imply substantial energy growth in the de

veloping world for the next 30 years. Under all

scenarios except low income growth and large

price increases, in the intermediate run fore

casts, world energy demand is forecast to more

than triple over the next 3 decades.

Conclusions

The magnitude of the growth rates under many
of the scenarios suggest furtherwork to corrobo

rate or disprove what the historical statistics im

ply for the future. The authors note, for exam

ple, that these results are based on only
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23 percent of the developing world. One direc

tion for further work would be to increase the

scope of the study to include more countries.

ECONOMICS

BECHTEL OBSERVES THAT TECHNOLOGY

IS LOWERING THE COST OF SYNTHETIC

FUELS

In a paper prepared for the
17th

Congress of the

World Energy Council held in Houston, Texas,
in September, chairman R. Bechtel of the

Bechtel Group stated that several trends are

profoundly changing the energy industries: ero

sion of international barriers, privatization and

deregulation, and technological progress.

Developing
nations'

energy consumption will

surpass that of developed nations by 2020, ac

counting for 64 percent of the increase in world

energy consumption. This implies improved

standards of living worldwide. The erosion of

barriers to trade and investment, transportation

and information technology and finance will

drive the process. Growing markets worldwide

mean that the energy industries will be active in

new and unfamiliar locales, where the local ex

perience of major engineer/constructors will be

a major asset.

For engineer/constructors to compete effec

tively, says Bechtel, they must cultivate what

Bechtel's past president and former United

States Secretary of State G. Shultz has char

acterized as "a global reach and a local
touch."

Local presence is important for frequent and

open communication with customers, for man

agement of local contractors and suppliers, for

accommodating local customs and institutions

and for ensuring quality and integrity.

Erosion of international barriers makes it possi

ble for engineer/constructors to drive down costs

without compromising quality. Three key ways

to accomplish this are through global procure

ment, global engineering execution and global

financing:

Global procurement is made easier by

erosion of barriers to information and

trade. Construction materials and

equipment is now a global market.

Global engineering execution depends

on erosion of technological barriers to

communication. As an example, Bechtel

maintains low-cost engineering centers

around the globe, linked by state-of-the-

art telecommunications, allowing
around-

the-clock execution.

Global financing is made possible by the

erosion of institutional and communica

tion barriers. It stimulates creativity in

providing custom-made financing struc

tures to satisfy the needs of all parties.

Erosion of international barriers to investment

also provides engineer/constructors with oppor

tunities to become project developers and

builders where they have the in-country experi

ence and performance capability that sponsors

demand.

New energy companies with new needs are

emerging around the world. In many countries,

energy is moving from state-owned or fran-

chised monopolies to competitive private own

ership. For example, there is a worldwide shift

from independent power projects that are fi

nanced by non-recourse debt secured on power

purchase agreements to merchant powerplants

that sell electricity on the spot market.

One approach to managing risk in competitive

power markets is to secure "anchor
tenants"

that

will buy power regardless of market volatility.

Another is to integrate powerplants with fuel

supply and electric power trading and brokering.

Engineer/constructors play an enabling role in

integrating not only the physical plants but also

in bringing together fuel and power generation

sponsors who may have little familiarity with

each other's business, thus reducing risks for all

concerned.
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Rapid currency depreciation is an important risk,

particularly in developing countries. Engi

neer/constructors with international experience

in minimizing and mitigating currency risk expo

sure can make a valuable contribution in struc

turing procurement, execution and financing to

reduce the vulnerability of such projects.

Although oil is being discovered faster than it is

being depleted and production costs are declin

ing, existing fields will be exhausted and petro

leum consumption will continue to grow. New

fields will present engineer/constructors with

increasing technical, program management and

logistical challenges in enabling oil companies

to work in deeperwater, harsher terrestrial envi

ronments and more remote locations. These

conditions will put a premium on generating in

novative solutions and managing complexity.

Furthermore, notes Bechtel, technology is driv

ing down the break-even point of production

from previously uneconomical sources of hydro

carbons, such as tar sands and heavy oil. Also,

advances in the chemical conversion of natural-

gas-to-middle-distillates will probably result in

commercial-scale production in the next dec

ade.

These new technologies will require engi

neer/constructors to be agents of change by

developing innovative ways to reduce costs

through creative engineering and project man

agement. Equity participation and financing
assistance on the part of engineer/constructors

may be a requirement to participate in some of

these projects. This will prove an opportunity as

well as a risk.

Proven technologies also present technical

challenges. For example, most easy liquefied

natural gas opportunities have been developed.

Future expansion depends on developing

smaller plants to match smaller fields, largely

through proprietary technology.

Environmental issues present enormous techni

cal challenges for engineer/constructors, which

must develop and maintain the capability to re

act to the requirements of the energy industries.

Combining affordable energy with environ

mental quality is an ongoing quest for prosper

ous countries and it is gaining in importance in

the developing world. In reacting to this quest,

engineer/constructors must have the techno

logical prowess needed. But in addition they

must be sensitive to difficult choices between

environmental quality and other concerns.

ft ft ti it

GAZ DE FRANCE STUDY FINDS NATURAL

GAS BEST FOR STATIONARY FUEL CELLS

According to H. Verbockhaven of Gaz de

France, an updated comparison of methanol,

natural gas and Liquefied Petroleum Gas (LPG)

as fuels for stationary Phosphoric Acid Fuel

Cells (PAFC) for combined heat and power

generation determined natural gas to be the

most appropriate fuel because it is cost attrac

tive, requires no storage and offers better en

ergy efficiency than LPG. Verbockhaven pre

sented the results at the 1998 International Gas

Research Conference held in San Diego, Cali

fornia, in November.

PAFC technology has reached the commercial

level and numerous demonstration operations

are under way. As the technical problems con

cerning the stacks begin to be solved, the

choice of the fuel remains an issue. For sta

tionary applications, natural gas is usually pre

ferred because it takes advantage of a fully de

veloped network. But, for a few specific cases,

LPG and methanol are to be considered as well.

In particular, for combined heat and power gen

eration, LPG is used today by customers away

from the natural gas network. Furthermore, if a

methanol network appears because of transport

applications, it could become another competi

tor for natural gas.

A comparison between methanol, natural gas

and LPG was carried out for a 200-kilowatt

PAFC for combined heat and power generation.

The PAFC can be considered as the only fuel

cell technology that has achieved a commercial

level of development for stationary applications,

says Verbockhaven. Combined heat and power

and distributed electricity generation are the
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main stationary applications for such a power

range (1 00 to 500 kilowatts).

This technology requires a hydrogen-rich gas

which can be obtained from different primary
fuels (natural gas, LPG, methanol, ethanol,

coal....) and processes (catalytic steam reform

ing, partial oxidation....). In contrast to vehicular

applications, the most important feature of the

generator must be its energy efficiency rather

than its fast response to transient demand. For

these reasons, the comparison was carried out

for the steam reforming process. This process

offers the possibility of a better utilization of the

fuel cell byproducts as feedstock, which results

in an overall higher efficiency.

Fuel Processing Description

The flowsheet for methanol processing is pre

sented in Figure 1 . It is supposed that the en

ergy necessary for the reactions is provided by
the combustion of anode exhaust gas with air.

The heat necessary to vaporize methanol and to

heat steam is recovered from the reformer ex

haust gas inside the reformer via internal heat

exchanger.

Natural gas processing includes three steps (see

Figure 2): desulfurization, steam reforming and

shift conversion.

The desulfurization step is carried out by a Hy-

drodesulfurizor (HDS) consisting of one hydro-

generator to convert all sulfur compounds (such

as mercaptans or thiophene) to H2S and one

ZnO bed to absorb H2S. The hydrogen neces

sary for the HDS is provided by recirculating

part of the shift converter exhaust gas.

LPG processing is similar to natural gas proc

essing (see Figure 2). Because the carbon to

hydrogen ratio of LPG is higher than for natural

gas, carbon deposition occurs more easily. In

order to prevent carbon formation, specific

catalysts promoted with potassium may be

used. Another way to prevent carbon deposition

with LPG is to raise the steam to carbon ratio

to 3 or 3.5.

FIGURE 1

FLOWSHEET FORMETHANOL PROCESSING
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FIGURE 2

FLOWSHEET FOR PROCESSING NATURALGAS, PROPANEAND BUTANE
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Process Economics for a 200-Kilowatt PAFC

The main equipment items have been designed

and estimated: HDS, reformer, shift converter,

compressor and air preheater. The costs

(Table 1) include the equipment, their installa

tion, the instrumentation and control, and an

allowance for unforeseen expenses.

Because methanol processing operates at low

temperature and needs no desulfurization nor

shift converter, investment costs are notably

lower. A possible way to reduce the investment

for natural gas and LPG is to thermally integrate

the shift converter and the desulfurization in

only one equipment item. International Fuel

Cell Corporation has designed such a system

for PAFC.

However, the advantages of methanol are mod

erated when storage capacities are considered.

For the case considered, storage costs could

represent an additional investment of more

than $100,000. Storage capacities also are a

concern for LPG.

Operating Costs

The operating costs that have been considered

are a function of catalysts and fuel consumption.

Labor costs are supposed to be similar for the

three different fuels. The PAFC is supposed to

operate for 8,000 hours per year. Results are

presented in Table 2.

With respect to operating costs, natural gas is

the cheapest solution. Considering a 10-year
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TABLE 1

INVESTMENT COSTS FOR FUEL PROCESSING

Methanol Hiatural Gas Prooane Butane

Desulfurization 10 k$ 10 k$ 10 k$

Reformer 13 k$ 57 k$ 53 $F 53 $F

Shift Converter 14 k$ 14 k$ 14 k$

Compression 4k$ 11 k$ 11 k$ 11 k$

Air Preheater 33 k$ 28 k$ 27 k$

Total 17 k$ 125 k$ 116 k$ 115 k$

14% 100% 93% 92%

TABLE 2

OPERATING COSTS

Methanol Natural Gas ProDane Butane

Fuel Flow Rate 100kg/h 53.9 m3 (n)/h 43.9 kg/h 44.5 kg/h

Fuel Price $425/ton $6.7/MMBTU $400/ton $400/ton

Fuel Cost perYear $340,000/yr $113,000/yr I$141,0007yr $142,000/yr

Fuel Cost for 10 Years $3.4 million $1.1 million !$1.4 million $1.4 million

HDS Catalysts Cost $0.4/yr + $0.9/yr + $0.7/yr +

$0.4/5 yrs $0.2/5 yrs $0.1/5 yrs

Reformer Catalyst Cost $1 ,400/5 yrs $6,800/5 yrs $5,800/5 yrs $5,800/5 yrs

Shift Catalyst Cost $2,000/5 yrs $2,000/5 yrs $2,000/5 yrs

Total Catalyst Cost for 10 Years $2,800 $22,400 $25,000 $22,800

Total Operating Cost for 10 Years $343,000 $135,000 $166,000 $165,000

254% 100% 123% 122%

period, the difference in operating costs be

tween natural gas and methanol is large enough

to compensate for the larger capital cost for

natural gas.

Conclusion

Verbockhaven concludes that methanol is tech

nically attractive for hydrogen production: low

energy requirements, no desulfurization and no

shift. The temperature of the steam reforming

reactions does not require expensive vessel

materials. However, methanol is still too ex

pensive as a feedstock to be currently competi

tive. This situation could change if methanol

becomes a widespread fuel with an appropriate

supply network.
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Today natural gas appears to be the most ap
propriate fuel for fuel cells in stationary applica

tions. It offers better energy efficiency than

LPG. Because the conditions used to steam

reform natural gas and LPG are similar, LPG
could be considered as the best emergency

backup fuel.

GASIFICATION IN MOLTEN METAL YIELDS

POWER FROM WOODWASTES

Gasifying waste wood is challenging due to sev

eral factors. First is the wide size-range of the

wood pieces which makes it difficult to handle

using conventional solid fuel handling technol

ogy. Second is the presence of potentially
harmful contaminants such as paint and chemi

cals used in treated wood. Finally, the chemical
composition of wood (typically CHi.4O0.6) is near
self-stoichiometric for gasification and requires

little oxidant to produce syngas (CO and H2).

However, this also means that insufficient en

ergy is released to provide the temperatures

needed to completely gasify the wood and to

eliminate the formation of unwanted compounds

such as tars and phenols.

One way to overcome the latter challenge is to

add excess oxygen over and above that needed

to stoichiometrically gasify the wood. This how

ever yields a syngas which is high in C02 con

tent and low in calorific value making it more

difficult to use. A second approach is to add

heat externally. This is the approach taken in

the Catalytic Extraction Process (CEP) devel

oped by Molten Metal Technology (MMT). At

the conference "BioEnergy '98: Expanding Bio-

Energy
Partnerships,"

held in Madison, Wiscon

sin, in October J. Phillips of Fem Engineering
Inc. described the process.

In the CEP the waste wood is immersed in a

bath of molten metal. Heat is supplied to the

bath via an induction heating coil. The high

temperature (>1,100C) and excellent heat

transfer characteristics of molten metal cause

the wood to break down to its atomic species. A

stoichiometric amount of oxygen is then injected

into the bath and reacts with the excess carbon

in the wood to form CO. The resulting syngas

has a high calorific value and is free of any tars.

While the use of induction heating represents an

internal drain on the power production, calcula

tions show that a combined-cycle powerplant

coupled to a CEP gasifier could yield a bio-

mass-to-electricity efficiency of 25 percent (dry

wood, low-heating value basis), which is

5 percentage points better than the average

biomass powerplant. In addition, such a plant

could use wood wastes which currently can only

be disposed of in landfills, and therefore are

available at zero or negative cost.

Background

Wood wastes generated from Construction and

Demolition (C&D) activities could be a poten

tially attractive biomass energy source. Unlike

many forms of biomass, C&D wood wastes are

relatively dry and are generated in large quanti

ties in areas that also have large demands for

electricity. A report sponsored by the Great

Lakes Regional Biomass Energy Program con

cluded that 42.6 million kilograms (on a "bone-

dry"

basis) of C&D wood wastes are generated

each year in the Indianapolis, Indiana, metro

politan area (NEOS Corporation, 1995). Ac

cording to the report, the generators of this

wood currently must pay to have it disposed of,

or they give it away for free. This wood, which

is available at zero or negative cost, has a total

energy value sufficient to fuel a powerplant of

approximately 10 megawatts-electric.

In addition to the C&D wood wastes, the NEOS

report estimated that an additional 129 million

kilograms per year of other wood wastes were

available in the Indianapolis region at zero or

negative cost. When added to the C&D wood

wastes, these wastes would be sufficient to fuel

a 40-megawatt-electric powerplant.

One of the reasons C&D wood wastes are not

currently used to produce power is that the wood

frequently is covered with paint or treated with

chemicals such as Chromated-Copper Arsenate

(CCA) which might be released into the atmos

phere during combustion.
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Also, a recent study at a wood burning power-

plant in which a test bum with CCA-treated

wood made up 10.7 percent of the wood fuel,
resulted in ash that exceeded the United States

Environmental Protection Agency's (EPA) TCLP
limits for arsenic by a factor of at least 26. Such
results indicate that even modest contamination

of otherwise clean wood fuel with CCA-treated

wood would result in hazardous ash.

While state-of-the-art waste incinerators may be

able to bum C&D wastes with minimum air

emissions of arsenic, these units typically have

low energy efficiencies and are difficult to site

due to public resistance.

Instead of directly burning C&D wood wastes in

an incinerator, they could be converted into a

syngas using a biomass gasification process,

and the syngas could be used to fuel an efficient

gas turbine combined cycle. However, most

biomass gasification processes operate in the

temperature range of 700 to 950C which is far

below the temperature at which the inorganic

portion of the wastes will be vitrified. Conse

quently, ash from the gasifiers will likely leach

out chromium and arsenic and therefore be

classified as a hazardous waste.

In addition, due to their relatively low operating

temperatures, the gasifiers do not completely

break down the organic components in wood.

Condensible organic compounds such as tars

account for 0.5 to 1 .5 percent by mass of the

product gas. As a result, elaborate gas cleaning

methods are needed to avoid fouling of heat

recovery equipment, and the treatment of

scrubber water becomes more complicated and

costly.

According to Phillips, the formation of tars can

be avoided by increasing the operating tem

perature. However, when more oxygen (or air)

must be added, this produces a syngas with a

low calorific value. Tests conducted by General

Electric have shown that unstable combustion in

their gas turbine engines occurs when the calo

rific value of syngas drops below about

4.9 megajoules per cubic meter (120 BTU per

standard cubic foot). Air-blown gasifiers oper

ating at relatively low temperature are producing

syngas with calorific values that are already

near the limit. Consequently, operation at

higher temperatures would preclude the burning

of the syngas in high-efficiency combined cy

cles.

As discussed earlier, operation at higher tem

peratures can be achieved with MMT's Catalytic

Extraction Process.

CEP is currently being used commercially to

gasify low-level radioactive wastes. It has also

been used to gasify many different waste

streams including biomass as part of a broad

pilot plant-scale testing program conducted at

MMT's research and development facility in

Fall River, Massachusetts.

MMT reports that the vitrified slag produced

from municipal solid waste incinerator fly ash

passed not only the EPA's TCLP criteria, but

also the more stringent limits set by the Japa

nese EA-46 regulation.

Waste Wood and CEP

At Fem Engineering, a scoping level study was

carried out to examine the feasibility of using

CEP to gasify C&D wood wastes and using the

product syngas to fuel a combined-cycle power-

plant.

It was assumed that the plant would process

42.6 million kilograms of wood wastes per year

with a capacity of 146 metric tons per day of

feed. Because of the scale of the plant, an oxy

gen-blown system was deemed to be uneco

nomical.

To facilitate separation and recovery of the cop

per, chromium and arsenic in CCA-treated

wood, it was concluded that the bath should

consist of molten copper at 1,183C. At this

temperature:

All of the copper in the feed would be

captured in the bath as elemental cop

per.
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All of the chromium would be captured

as Cr203 in the inorganic slag layer

which forms on top of the metal bath.

All arsenic will be converted into gase

ous form (AS2) and will exit the gasifier

with the syngas.

Operation at 1,183C should be sufficient to

avoid formation of condensible organic com

pounds in the syngas. This will greatly simplify
the design of the gas cleaning system.

Initially it was assumed that the addition of air

would be limited to that which was needed to

stoichiometrically react the wood to syngas.

However, it was determined that this would re

sult in the induction heating placing a large

parasitic load on the process, and would yield

an unattractive biomass-to-electricity efficiency.

Induction heating has an
electricity-to-heat-

delivered efficiency of only 50 to 60 percent.

This is partially due to the need to cool the in

duction cool with water to avoid damage to the

coil. Consequently, a significant portion of the

heat generated is converted away by the cool

ing water. Therefore, it was premised that air

would be added to the gasifier up to the point

that the syngas calorific value fell to

4.9 megajoules per cubic meter, and that induc

tion heating would be used to supply the re

maining heat duty necessary to Maintain the

bathat1,183C.

Integrated Plant Performance and

Economics

The performance of the Integrated Gasification

Combined-Cycle (IGCC) plant using a CEP

gasifier is summarized in Table 1 .

TABLE 1

PERFORMANCE OF CEP IGCC

Parameter Value

Wood Waste Feed Rate (15% moisture), kg/s 2.0

Wood Waste LHV (dry basis), MJ/kg 1 8.66

Biomass Energy Input, MW 31 .7

GasifierMetal Bath Temperature, C 1 ,1 83

Heat Added via Induction Furnace, MW 2.7

Air to Gasifier, kg/s 3.5

Syngas Production, kg/s 5.5

Syngas Production, Nm3/s 5.3

Syngas Production, MW 25.6

Cold Gas Efficiency (syngas/biomass MW), % 80.8

Induction Furnace Efficiency, % 60

Gas Turbine Power Output, MWe 1 0.4

Steam Turbine Power Output, MWe 4.8

Induction Furnace Power Consumed, MWe 4.5

OtherAuxiliary Power Loads, MWe 2.8

Net Power Produced, MWe 7.9

Net Efficiency (dry wood, LHV basis), % 24.8
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It is assumed that the C&D wood waste will ar

rive at the plant with an average moisture con

tent of 15 percent. The heat duty of the wood

dryer consumes about 10 percent ofthe heating
value of the wood.

Economic Considerations

The 24.8 percent net efficiency is 5 percentage

points higher than the average biomass power-

plant in the United States. It should also be

emphasized that the CEP IGCC will consume

biomass with a negative or zero cost.

According to Phillips, the estimated capital cost

of current generation biomass IGCCs is in the

$1 ,800 to $2,000 per kilowatt-electric range. To

be competitive a CEP IGCC would have to cost

less than $3,000 to $3,340 per kilowatt-electric.

For the proposed plant that translates to a total

installed cost of between $24 to $26 million.

Because MMT has not built any large-scale

gasifiers for biomass, it is difficult to estimate

the cost of the CEP portion of the plant. MMT

has built a CEP unit in Bay City, Texas, to con

vert 100 tonnes per day of chlorinated hydro

carbons into syngas and hydrochloric acid.

MMT has stated that the capital cost for the fa

cility is $25 million. While this facility's cost is

not directly comparable to a biomass CEP unit it

is the best benchmark available.

Because the cost for the Bay City plant is sig

nificantly above the cost needed to break even

with a more conventional biomass IGCC, it is

clear that a CEP IGCC would need to receive

"tipping
fees"

from the generators of C&D wood

wastes. Because most C&D waste is now land-

filled, the tipping fees would have to be com

petitive with landfill costs of about $25 per ton in

the Midwest United States. If a CEP IGCC unit

could receive this in tipping fees, this would

translate to a negative fuel cost of roughly

$1 .50 per gigajoule, and this would allow CEP

IGCC to be competitive with a clean biomass

IGCC. Table 2 summarizes the economics of a

CEP IGCC in comparison with a clean biomass

IGCC.

TABLE 2

ECONOMICS OF C&DWOOD WASTE IGCC

AND CLEAN BIOMASS IGCC

C&D Wood Clean Biomass

Parameter Waste IGCC IGCC

Capital Cost, $/kWe 4,500 2,000

Fuel Cost, $/GJ 2.00

Levelized Cost of Electricity, eVkWh

Capital Charge 6.8 3.0

Operations & Maintenance 1.1 0.5

Fuel -2.3 2.0

Total 5.6 5.5

'Assumes plant receives tipping fees of $25/ton for accepting C&D wastes
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GASIFICATION-BASED DIRECT IRON

REDUCTION LOOKS COMPETITIVE AT HIGH

GAS PRICES

J. Falsetti, of Texaco Inc., et al. discussed the

potential use of the Texaco gasification process
for direct reduction of iron at the conference

"Gasification: The Gateway to a Cleaner Fu
ture,"

held in Dresden, Germany, in September.

They note that every day in the world steel in

dustry, 27 trillion BTU of synthesis gas are

made for reduction of iron ore. Up until a few

years ago, the steel industry was capable of

supplying 100 percent of this syngas internally,
using conventional blast furnace technology.

But now, these technologies are under both

economic and regulatory pressures, and the

steel industry finds it increasingly difficult to

meet its internal needs for iron. Falsetti et al.

state that a combination of Texaco's gasification

technology with advanced Direct Reduction of

Iron (DRI) processes provide a cost-effective

solution that can compete with natural gas at

$2.50 to $3.00 per gigajoule.

The Steel Industry

Despite half a century of challenges from alumi

num, plastics and composites, steel remains

perhaps the single most important material for

structural and manufacturing uses. In fact, steel
is one of the small number of heavy industries

that can approach the petrochemical industry in

annual sales. In 1998 the steel industry is esti

mated to have consumed over 1 billion tonnes

of iron ore and around 400 million tonnes of

coal.

World steel production suffered a moderate de

cline in the early 1990s (forcing both Europe

and Japan to retire some capacity and rational

ize the remainder). But since then the industry
has embarked on a period of vigorous growth,

led by major capacity expansions now under

way in the United States, China, India and

Southeast Asia. The infrastructure and trans

portation needs of the latter economies repre

sent a long-term demand for steel (and cement

and energy, etc.) that should result in a contin

ued vigorous growth for the steel industry for

several decades.

Fundamental technological and economic

forces have been causing massive changes in

the nature of steelmaking. The first inklings of

change appeared in the mid-1960s, splitting the

steel industry into two opposing camps, Big
Steel versus the minimills.

The foundation technology at the heart of Big
Steel is the blast furnace, which smelts iron ore

into molten iron. The unavoidable adjunct of

the blast furnace is the coke oven, which con

verts coal to metallurgical coke via destructive

distillation.

The blast furnace and coke oven technology
has survived almost unchanged since

the 1880s. Today about two-thirds of the

750 million tonnes of steel produced worldwide

is made from blast furnace iron produced from

ore and coke.

The blast fumace/coke oven smelting process is

inefficient, consuming 3 times its theoretical

stoichiometric coal requirements. Also it is es

timated that air quality regulations will force the

closure of more than half of all United States

coke ovens over the next decade.

The initial capital cost of a new blast furnace

and its associated coke oven approaches a bil

lion dollars. (No new blast furnace has been

built in the United States in 3 decades.)

Blast furnaces are not designed to be shut down
(or even turned down) during a 7-year campaign
(between shutdowns for relining the refractory).

Thus, whatever the state of the market, the in

tegrated steelmaker has no choice but to keep
producing steel. In a saturated market, the

dumping of unwanted steel causes prices to

crash.

In short, say Falsetti et al., at the heart of inte
grated steelmaking is a

19th

century smelting
process that is inefficient, inflexible, unafford-

able and poisonous.
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The New Paradigm of Steelmaking

In the mid-1960s a new paradigm for steelmak

ing began to emerge, the first iteration being the
"minimill."

Entrepreneurs began to set up local

steelmaking shops using relatively inexpensive

electric arc furnaces combined with the newly
developed continuous caster. Minimills do not

make steel; instead, minimills recycle steel,

melting purchased steel scrap and casting it into

billets which are rolled into the less demanding
"long

products"

(rebar, I-beams, etc.) for the

local structural steel market.

In the past those few minimills that were located

in scrap-poor areas supplemented their limited

supply of low-residual scrap with DRI, a form of

virgin iron made from iron ore pellets which

have been reduced with syngas produced via

catalytic reforming of natural gas. Now that the

supply of low-residual scrap is becoming tighter,
most of the major electric steelmakers have

begun to explore and to invest in DRI facilities

and processes.

Fueled by the scenario of a storage of scrap, the

production of DRI in the form of briquettes (Hot

Briquetted Iron HBI) is currently undergoing a

major expansion. This is illustrated by news of

new plants in Australia and other countries, in

cluding BHP's Port Hedland, Australia, HBI

plant. DRI technology can essentially be di

vided into two broad categories according to the

iron ore feed: lump- and/or pellet-based or

fines-based. Further subdivision can be made

according to hydrocarbon feedstock, i.e., natural

gas or coal. At present the lump/pellet-based

technologies of Midrex and HYL dominate

commercial DRI production with 65 and

26 percent of world production, respectively,

while the only commercialized fines technology
is the Fior process. The soon-to-be-

commissioned BHP plant in Port Hedland is the

first Finmet plant, the technology of which is

based on a variant of the Fior process. All of

these processes are natural gas-based, with

coal-based technologies essentially still at the

research and development stage.

The commercial reduction of iron requires at

least two steps: 1) production of synthesis gas

and 2) reduction of iron oxide with that
gas. The

syngas is usually mixed with recycled, unre

acted syngas, heated and fed into the DRI re

actor. The HYL and Finmet processes use con

ventional steam reforming of natural gas to

produce syngas (C02 is removed via scrub

bers), while the Midrex process employs a com

bination of steam and reforming of natural gas

in a proprietary reformer. Other differences can

be observed in the H2/CO ratio (ranging from

1.5 to over 6), temperature (800 to 900C) and

pressure (1 to 10 bar) at which iron ore reduc

tion takes place.

Given that all of the commercial DRI plants to

date are gas-based, the most favorable situation

for this enterprise is where inexpensive gas and

high-grade iron ore are located in close proxim

ity. In the absence of natural gas, one alterna

tive is to produce syngas from alternative hy
drocarbon feedstocks such as coal, and then to

integrate this within an existing DRI/HBI proc

ess. BHP Research, together with Texaco, has

developed a process concept which can utilize a

range of feedstocks including coal (of variable

quality), petroleum coke, Orimulsion and also

natural gas.

Texaco Gasification Process

The Texaco Gasification Process (TGP) can use

many hydrocarbon fuels, such as heavy residu

als, Orimulsions, petroleum coke or coal. Fal

setti et al. note that the TGP is well proven with

over 50 years of commercial gasification oper

ating experience and over 120 commercial

plants licensed worldwide. Fuels for these

plants range from natural gas to heavy oils to

solids (coke and coal).

Figure 1 is the process flowsheet for a gasifica

tion-based DRI process using coal as the feed

stock. Coal is ground and slurried with water

before being pumped into the quench gasifier.

Oxygen, produced at an Air Separation Plant

(ASP), is fed cocurrently with the slurry into the

gasifier. The hot gas generated in the gasifica

tion zone is then quenched with water to remove

slag and to partially clean the syngas. The satu

rated syngas, which is composed primarily of H2
and CO, along with steam, C02 and traces of
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methane and H2S exits the quench zone and is

water-scrubbed in a soot scrubber. The carbon

scrubbing step essentially removes all traces of

entrained particulates, alkali metals, heavy met

als and chlorides.

After scrubbing, the syngas enters a water gas

shift reactor where the H2/CO ratio is adjusted to

the required ratio, before passing to the acid gas

removal system where H2S and C02 are re

moved. A Claus unit is used to recover the

sulfur in its elemental form. The sweet syngas

is then mixed with part of the recycled syngas

from the reduction reactor, heated in a gas

heater and fed to the reduction reactors, where

the iron oxide is reduced to metallic iron. The

reduced iron is cooled, continuously discharged

and briquetted. The top gas leaving the shaft

reactor is split into a recycle stream and a fuel

stream for the gas heater. The recycle top-gas

contains additional C02 and H20, generated

from reduction of the iron ore, which must be

removed prior to recycling. Water and en

trained particulates are removed via the wet

scrubber, while C02 is removed in the C02 re

moval system.

The slag from the coal remains in the water

where it settles rapidly and is withdrawn periodi

cally through a lockhopper system. In the gasi

fier, a majority of the sulfur content in the coal is

converted to hydrogen sulfide and a portion to

carbonyl sulfide. This carbonyl sulfide is hydro-

lyzed in the shifter to H2S.

From an environmental point of view, the high

normal operating temperatures eliminate the

formation of tars and phenols and sulfur is not

emitted to the atmosphere but converted to a

salable sulfur byproduct.

A comparative process economic study was

undertaken for a generic natural gas-based

system and the gasification-based system. The

effect of natural gas price on the cost of DRI

was determined for a natural gas-based system,
and compared with the gasification-based sys

tem. Variation in the gas price showed that

equality in operating costs with coal at $15 to

$20 per tonne is achieved with the gas-based

systems when the gas cost is about $2.50 to

$3.00 per gigajoule.
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ARE SOLID OXIDE FUEL CELLS THE KEY

TO PROFITABLE RENEWABLE ENERGY?

That is the question asked by M. Mogensen and

C. Bagger of Denmark's Ris0 National Labora

tory in a paper presented at the 1998 Fuel Cell

Seminar held in Palm Springs, California, in

November. They note that hydroelectric power,
wind power and solar photovoltaic power are

abundant and, in principle, cheap renewable

energy sources. Hydroelectric power is already
competitive if it is situated reasonably near the

consumers and so is wind power in certain

cases. Photovoltaic devices are not yet cheap
enough but prices are decreasing rapidly. How

ever, there are serious barriers for the wide

spread utilization of these sources.

Wind power and photovoltaic power give vary

ing power output during short time spans of

hours to days. Therefore, cheap energy storage

and conversion systems must be developed in

order to make them competitive with fossil fuels

in conventional powerplants.

In other cases the problem is the distance from

the industrialized population centers where the

energy is needed. "Examples are hydroelectric

power in Greenland and Canada, geothermal

power in Iceland, wind power in Patagonia and

solar photovoltaic power in the Australian des

ert.

Thus there are three important problems asso

ciated with these kinds of abundant cheap en

ergy sources: conversion, storage and trans

port.

The Solid Oxide Fuel Cell (SOFC) has a great

potential in solving all three problems as it can

be used in both electrolyzer and fuel cell modes.

In the electrolyzer mode it may produce differ

ent types of energy-rich chemical compounds,

which can be stored and converted back into

electricity using the same SOFC system, or

transported and then converted either using the

fuel cell or other types of converters. As will be

explained below, a possibility also exists for

producing energy consuming compounds on the

remote sites.

Hydrogen Production

Production of hydrogen by electrolysis of steam

using SOFC-type technology was proved tech

nically many years ago, and the hydrogen may

then later be used in the SOFC for power pro

duction. It is feasible to do the electrolysis at

elevated temperature because the overall reac

tion is endothermic and thus the unavoidable

Joule heating may be utilized.

Methane and Methanol Production

Due to the high SOFC operating temperature of

800 to 1 ,000C there is a possibility of using the

SOFC to electrolyze mixtures of carbon dioxide

and steam into synthesis gas, CO + H2, which

may be converted into methane or methanol

using existing catalysts.

Methanol is a liquid at room temperature and

thus as easy to transport as gasoline. And it

may be directly reconverted to electric energy in

an SOFC. Together with a suitable reformer it

may also be used to fuel other types of fuel

cells. Furthermore, it is possible to use it in a

combustion engine, which then in fact is driven

by renewable energy.

The sources for the electrolysis, H20 and C02,

are readily available all over the world. Even in

deserts, water can be present in the under

ground. Concentrated C02 mixed with steam

may be produced from limestone, CaC03f which

is one ofthe most abundant rocks on Earth.

Ammonia Production

H2 (from electrolysis of steam) and N2 (from air)

may be converted into ammonia, NH3, at ele

vated temperature and pressure in a reactor

with an Fe-based catalyst.

Also ammonia may easily be liquefied and

transported and may be used again after trans

port directly in an SOFC to produce electricity.

Cost

The authors note that the cost of the products

coming from the above-described processes is
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highly uncertain at the present time. However,
it is possible to make rough estimates based on

assessments of SOFC stack costs, which have

been done in several studies. Recently it was

found that in a pilot-plant scale of production of

only 2 megawatts per year a production price of

about US$1,100 per kilowatt SOFC stack could

be reached. It is estimated that this could be

reduced to $300 per kilowatt with large-scale

production.

The investment cost of the total plant is as

sumed to be US$900 per unit, i.e., 3 times the
unit cost. The depreciation time is taken to be

1 0 years and the interest rate 5 percent per

year. The system is operated 50 percent of the

time for 10 years (low for hydroelectric but high

for photovoltaic powerplants) and the production

price of electricity is taken to be US$0,013 per

kilowatt-hour. These assumptions lead to the

following prices for the possible products:

Hydrogen:

meter

Methane:

meter

US$0.10 per standard cubic

US$0.50 per standard cubic

Methanol: US$200 per ton

Ammonia: US$200 per ton

Whether these prices will be competitive in fu

ture markets and thus make the renewable en

ergy profitable is questionable and hence the

question mark in the title.

It should be noted that only the SOFC type of

fuel cell may be readily applicable for the pro

duction of compounds other than hydrogen be

cause only the SOFC type produces high tem

perature heat for steam production in the

process of electrolysis (the other high tempera

ture fuel cell, molten carbonate fuel cell, is not

suitable for electrolysis).

Conclusion

The authors conclude that further development

of cheap SOFC technology for energy conver

sion and storage might lead to attractive, effi

cient and economic systems for utilization of

renewable energy sources.

TECHNOLOGY

GASIFICATION SEEN AS MOST IMPORTANT

TECHNOLOGY FOR LIMITING C02

EMISSIONS

While the relationships among anthropogenic

(man-made) C02 emissions associated with

fossil fuel consumption, deforestation, C02 con

centration in the Earth's atmosphere and global

climate remain unclear at this time, whether or

not there is conclusive evidence of global cli

mate change has become irrelevant, because

global climate change has become a political

issue. Real global C02 emissions reduction

requires a
"win-win"

approach. Energy and in

dustrial expansion must be supported to in

crease the standard of living in developing na

tions. Industrialized nations and, specifically,

their private international energy companies

have the financial and technical resources to

help developing nations industrialize. According
to D. Simbeck of SFA Pacific Inc., the key is to

support only energy infrastructure development

that is clean, low cost and efficient. He dis

cussed the most cost-effective C02 reduction

options at the 1998 Gasification Technologies

Conference held in San Francisco, California, in
October.

Man-made C02 emissions and growth rates

from fossil fuels are simple to calculate accord

ing to the following, says Simbeck:

(Number of people) X (Gross Domestic

Product [GDP]/person) X (energy/unit of

GDP) X (C02/unit of energy).

Therefore, it is necessary to assess the relative

cost-effectiveness of the following four basic
options to reduce man-made C02 emissions:
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Population (number of people) - Re

ducing world population growth is clearly
the lowest-cost option to reduce man-

made C02 emissions. However, this op
tion is charged with emotional sociopoli

tical overtones. Nevertheless, it is well

known that populations tend to stabilize

as standards of living increase and

women are allowed the same rights and

educational opportunities as men.

Standard of Living (GDP/person) - It is

essential to increase the standards of

living in the poorest developing countries
as quickly as possible to stabilize the

world's population. This requires energy

development and industrialization in

these countries. Reduction of living stan
dards is an effective low-cost option for

reducing C02 emissions only in the

richer industrialized nations. Large car

bon taxes, energy taxes or indirect taxes

in the form of subsidies to specific en

ergy options and technologies will likely
have the same effect.

Energy Efficiency (energy/unit of

GDP) - Energy efficiency is the second

most cost-effective option. However,
this requires fair prices and free energy

markets, especially in developing na

tions. The greatest potential for energy

efficiency is the replacement of highly
subsidized energy prices by free market

prices.

Fuel Mix (C02/unit energy)
- Nuclear

power, biomass and other renewables

inherently have lower net C02 emissions

than fossil fuel. However, fundamental

economic and market issues generally

favor other options such as natural gas.

Major C02 emission reductions are real

ized when natural gas replaces coal or

heavy fuel oil for electric power genera

tion and direct heat.

C02 Sequestering (C02/unit energy)
-

There are two basic steps to C02 se

questering. The first step is converting

carbon-rich fuels (such as coal or heavy

oil) to an H2-rich fuel and C02 (or car

bon). The C02 must then be separated,

dried and compressed to high pressure.

The second step is sequestering the C02

(or carbon). There are many potential

options for C02 sequestering, which

could continue to make fossil fuel a bet

ter and more economical option than nu

clear, biomass or other renewables.

Gasification: The Most Important

Technology for Reducing the

Growth ofMan-Made C02 Emissions

Although massive global C02 reductions would

be expensive and require fundamental world

wide energy policy changes, gasification is likely
to be the single most important technology, says

Simbeck.

One of the largest and lowest cost C02 reduc

tion options is energy policy reform in develop

ing nations like China. Free energy markets at

fair energy prices would attract capital from in

dustrialized nations and international energy

companies to help China meet its massive en

ergy infrastructure development needs. This

would also create a large market for gasification

in China to supply town gas and industrial fuel

gas.

Gasification also is an integral part of carbon-

free electricity from fossil fuels. Gasification

has the lowest costs of all the commercial and

advanced C02 recovery options, says Simbeck.

In addition, biomass gasification (especially
black-liquor gasification) represents the key to

the long-term future of effective biomass utiliza

tion.

While the high capital cost and slow capital

turnover of energy infrastructure assures a hy
drogen energy economy will not happen within

our lifetime, this concept is already getting its

start in large part due to gasification. There are

already numerous gasification projects around

the world commercially producing hydrogen for

chemicals such as ammonia. These projects

are competitive due to the ability of gasification

to effectively utilize various lower-cost feed-

1-30

THE SYNTHETIC FUELS REPORT. JANUARY 1999



GENERAL

stocks. There are also a number of new gasifi

cation projects in oil refineries. These projects

have added advantages of polygeneration

(power, steam and hydrogen) and are only pos

sible when electricity can be sold to the grid at a

fair price. Modem gas turbines in refinery set

tings assure true cogeneration resulting in elec

tricity generated at twice the efficiency possible

in a central powerplant.

Simbeck concludes that the added cost of

C02 sequestration in commercial technology is

quite reasonable relative to other C02 reduction

options.

BIOGAS-FUELED FUEL CELL

POWERPLANT DEMONSTRATED

Toshiba Corporation believes that the

200-kilowatt phosphoric acid Fuel Cell Power-

Plant (FCPP) is the front runner for commer

cialization. A paper by Toshiba's

N. Kusama et al. at the 1998 Fuel Cell Seminar

held in Palm Springs, California, in November

states that a total of 88 FCPP units have been

delivered by ONSI or Toshiba at various loca

tions in the world and are establishing excellent

operating records.

To expand the market for FCPPs, Toshiba is

developing various kinds of applications for on-

site powerplants by making full use of the ad

vantages and flexibility ofthe FCPP.

The paper discusses using as an FCPP fuel An

aerobic Digester Gas (ADG) generated from

industrial wastes, such as sludge in sewage

treatment facilities or wastewater in food prod

uct facilities.

The first demonstration for this application has

been tested in the field of sewage disposal by
Toshiba and the municipal organization of Yo

kohama City. The technology is also applicable

to the biogas from wastewater treatment facili

ties in the food industry or garbage treatment

facilities.

This program was conducted from August 1994

to March 1998. The demonstration plant which

combined a standard 200-kilowatt FCPP and an

ADG pretreatment unit was installed at the Ho-

kubu Sludge Treatment Center of Yokohama

City.

The 200-kilowatt FCPP was continuously oper

ated with ADG containing 60 percent methane

for more than 5,000 hours.

In the first stage of the program, a methane

concentrator (pressure swing adsorption unit) in

an ADG pretreatment unit was planned to be

added in order to achieve the output of

200 kilowatts. However, during the test it was

found that the ADG-fueled FCPP slightly modi

fied from the standard FCPP can be operated at

200 kilowatts with 60 percent methane. The

simplified ADG pretreatment system is shown in

Figure 1 .

Development of Biogas-Fueled FCPP

The ADG generated from wastewater in food

product facilities or from garbage in restaurants

is called biogas. The composition of biogas is

almost the same as ADG, however, the con

taminants in the gas are different because of the

different gas source. Hydrogen sulfide is a main

contaminant at more than 1 ,500 parts per mil

lion in brewery biogas. Therefore, it is important
for the design of a pretreatment unit to select

the optimum desulfurizer.

Based upon the experience with ADG-fueled

FCPP, Toshiba has delivered two systems to

two Japanese brewery companies. One is to

Sapporo Beer Company and the other to Asahi

Beer Company. Load operation of both power-

plants started in June 1998.

Table 1 shows the powerplant performance us

ing the biogas fuel.

Electrical output of the standard FCPP was lim
ited to under 170 kilowatts because of the fuel-

flow valve control range. To achieve the

200-kilowatt electrical output power operation

with biogas fuel, it is necessary to increase the

capacity of the valves in the fuel supply piping.
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FIGURE 1
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TABLE 1

POWERPLANT PERFORMANCE USING BIOGAS FUEL

Maximum Stable

Items Units Ooeration Ooeration

Electrical Output kW 200 170

Fuel Valve Position % 98 83

Voltage V 178 183

Current A 1,295 1,076

Based on the success to date with the ADG-

fueled FCPP, Toshiba plans to aggressively

introduce this application to sites containing
sewage disposal, wastewater treatment facilities

or garbage treatment facilities.

ATMOSPHERIC FLUIDIZED-BED

GASIFICATION OF SWITCHGRASS YIELDS

85 PERCENT CONVERSION

At the Center for Coal and the Environment at

Iowa State University, switchgrass has been

gasified in a bubbling fluidized-bed reactor rated
at 800 kilowatts (2.75 million BTU per hour)
thermal input and operating at atmospheric

pressure. The project was described by
J. Smeenk and R. Brown at the BioEnergy '98:

Expanding BioEnergy Partnerships Conference

held in Madison, Wisconsin, in October.

The Chariton Valley Biomass Power Project,
sponsored by the United States Department of

Energy Biomass Power Program, has the goal

of converting switchgrass grown on marginal

farmland in Southern Iowa into electric power.

Two energy conversion options are under

evaluation: cofiring switchgrass with coal in an
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existing utility boiler and gasification of switch-

grass to yield product gas suitable for operation

of a molten carbonate fuel cell.

The gasifier is an air-blown, fluidized-bed reac

tor operating at atmospheric pressure. This pi

lot-scale gasifier is designed to convert up to

4.5 tonnes per day of switchgrass.

Fluidized-Bed Reactor

The reactor (Figure 1) is 46 centimeters in di

ameter and measures 2.44 meters tall. The

reactor is split into two sections: a bed section

and a freeboard section. Both sections are con

structed of mild steel and are lined with a 1-inch

thick refractory liner.

The bed is fluidized with either air or steam.

The air flow rate during gasification is 2.85 cubic

meters per minute corresponding to a superficial

velocity of 0.95 meters per second at a bed

temperature of 700C. The primary fluidization

gas enters the bottom of the reactor in the ple

num and then flows through a drilled-hole dis

tributor plate. The fluidization media consists of

silica sand and limestone. A nominal bed depth

of 60 centimeters is used. The limestone helps

prevent bed agglomeration and reduces tar

emissions.

The particulate-laden exhaust stream exits the

reactor through the freeboard and passes

through a series of cyclones. The cyclones are

designed to remove 50 percent of particles

7.5 microns in diameter or larger. Upon leaving

the final cyclone, the combustible gas is ignited

by a spark electrode in a diffusion flare.

Material Preparation and Feeding

According to the authors, the conundrum of

switchgrass, as well as many other types of fuel,

is feeding the material into the reactor. The

FIGURE 1

FLUIDIZED BEDGASIFIERAND SWITCHGRASS FEED SYSTEM

switchgrassmetering bin

(live bottom hopper)
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SOURCE: 8MEENKANDBROWN
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fluidized-bed reactor operates with forced-draft

air, which results in a slight positive pressure at

the bottom of the bed where the fuel is injected.

The pressure at the injection point is typically 40

to 50 inches of water column. Although this

pressure is relatively small, it is large enough to

induce a strong backflow of hot gases through

the feed system.

Several methods of handling and injection were

tried to overcome this problem. Injection augers

operating at different speeds, various types of

airlocks and a plug at the inlet of the reactor

were all tested, but none completely eliminated

the backflow of hot gases. The approach ulti

mately adopted is a standard auger operating

with finely chopped switchgrass.

Careful attention to feedstock preparation is es

sential to successful feeding of fibrous materi

als. The original approach employed minimal

preparation. This involved shredding the

switchgrass bales in a tub grinder. The result

was varying lengths of switchgrass. Ultimately
this resulted in difficult-to-feed material that

bunched easily and hung up in the system. A

more successful approach processed the

switchgrass with a hammer mill. A

2.5 centimeter screen in the hammer mill re

sulted in 95 percent of the switchgrass having a

length less than 2.5 centimeters. The resulting

bulk density of the product was 96 to

128 kilograms per cubic meter.

The material handling system used in the tests

discussed in the paper consists of a metering

hopper, a rotary airlock, an injection screw and

an exhaust fan. Satisfactory performance with

no backflow of producer gas was never

achieved. The metering hopper required almost

constant supervision to ensure a uniform feed.

A large quantity of make-up air was injected

below the airlock to minimize the amount of

producer gas flowing back through the system.

Results

For the test described in the paper the higher

heating value of the producer gas varied be

tween 4.2 and 5.9 megajoules per cubic meter

with an average value of 5.2 megajoules per

cubic meter. The carbon conversion for this test

was estimated to be 85 percent. Approximately

540 kilograms of switchgrass was fed which on

a dry basis is about 380 kilograms.

Approximately 68 kilograms of particulate mate

rial was collected in the cyclones. The particu

late matter is approximately 40 percent carbon.

The high char carryover from the bed is proba

bly due to the uneven feeding and gas produc

tion. In fact, small fibrous particles were visible

in the cyclone catch which is clear evidence of

inadequate particle residence time, say Smeenk

and Brown.

DIMETHOXY METHANE AS DIESEL FUEL

ADDITIVE REDUCES MASS PM EMISSIONS

Diesel engines offer improved fuel efficiency as

compared to gasoline vehicles, but NOx and

Particulate Matter (PM) will be difficult to control

to proposed future emissions standards. Con

sequently, there is interest in new liquid com

pression-ignition fuels or fuel additives which

have high cetane ratings and reduce particulate

emissions, but are compatible with current vehi

cle technology and fuel delivery infrastructure.

Addition of DiMethoxy Methane (DMM), also

named methylal, to diesel fuel has been shown

to reduce exhaust gas opacity. M. Maricq et al.

of Ford Motor Company discussed the effect of

DMM additive on diesel vehicle particulate

emissions at the Society of Automotive Engi

neers (SAE) International Fall Fuels and Lubri

cants Meeting held in San Francisco, California,

in October (SAE Paper No. 982572).

A 1995 European vehicle with 12,200 miles,

equipped with a 1 .8-liter indirect injection, turbo-

charged diesel engine and an oxidation catalyst,

was tested over the three-phase Federal Test

Procedure (FTP) on a chassis-roll dynamome

ter.

Three fuelswere used in these experiments:

The base was a European diesel fuel.
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The second fuel contained 16.6 percent

DMM by volume added to the base die

sel fuel.

The third fuel contained 30 percent DMM

by volume.

Steady-State Results

Steady-state results show that while the number

of particles emitted is comparable, based on

volume weighted steady-state size distribution,
there is a shift to smaller particle size (by about
20 nanometers) when DMM is mixed with the

diesel fuel. This decrease in particulate volume

emissions from the fuel with the DMM additive

corresponds to a 36 percent decrease in par

ticulate mass (at 50 mph). At 40 mph the de

crease is smaller, only about 8 percent; at

60 mph the mass decreases by 31 percent.

These results are summarized in Figure 1 . The

particulate mass reductions for the DMM blend

measured by collection on filters are 10, 35 and

26 percent at 40, 50 and 60 mph, respectively.

These values are in excellent agreement with

those based on the volume weighted size distri

butions.

The second series of steady-state tests com

pared base fuel particle emissions to those from

a 30 percent DMM/diesel fuel blend. For the

4- and 12-hp tests at the three vehicle test

speeds, the trends in terms of particle size,

number and volume are analogous to those for

the 16.6 percent fuel mixture. Whereas the

particle number increased about 10 percent

between the base and 16.6 percent mixture, a

decrease of about 18 percent is observed for

the 30 percent DMM blend relative to the base

fuel. In addition, the shift to smaller particle size

increases from approximately 20 to

30 nanometers for the more concentrated DMM

mixture. Similar decreases in particle number

and shifts to smaller size are observed at the

other 4- and 12-hp points. These effects com

bine to account for a higher reduction of par

ticulate mass emissions from about 35 percent

for the 16.6 percent DMM blend to between 50

and 70 percent for the 30 percent DMM blend.

For the 20-hp high load points, the particulate

number distribution becomes bimodal at all

three test speeds. There remains a near log-

normal particle mode centered at geometric

mean diameter of 90 nanometers with an inten

sity comparable to those observed at lower

power. However, a second, and more intense,

ultrafine mode of 10- to 20-nanometer particles

appears for the base fuel. This ultrafine mode

increases substantially with the 30 percent DMM

additive.

Because of the small size of this new mode, the

volume weighted particle emissions remain sub

stantially reduced for the 30 percent DMM blend

relative to the base fuel. The ultrafine mode

contributes perhaps 25 percent of the total par

ticulate mass from the 30 percent DMM blend.

For the base fuel, particulate mass ranges from

about 0.4 milligrams per second at 40 mph and

4 hp to 2.2 milligrams per second at 50 mph and

12 hp. There is an approximately 4-fold in

crease in the mass emissions upon increasing
the load from 4 to 12 hp; however, no further

increase is observed at 20 hp.

The trends in mass emissions with speed and

load are nearly identical for the 30 percent DMM

blend as for the base fuel, except that the par

ticulate masses are about 50 percent smaller.

Again, the emissions increase with load from 4

to 12 hp, but then remain the same for 20 hp.

At 4 hp there is little dependence of particulate

mass on vehicle speed, whereas at 12 and

20 hp it decreases with increasing speed. The

fractional reduction in particulate mass for

emissions from the 30 percent DMM blend rela

tive to the base fuel is shown in Figure 2.

Particle Size

The reasons for the shift in the mean diameter
of the fine particle mode and for the increase in

the ultrafine particle mode and for the increase
in the ultrafine mode at high load are unknown.

The presence of the oxygenate alters the physi

cal properties of the fuel and the combustion

chemistry. Thus, volatilization rates of the fuel
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FIGURE 1
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droplets, the combustion temperature and the

combustion chemistry are all quantities that are

affected by the DMM additive. In this study the

test vehicle was a commercial indirect injection

diesel car. The engine was not re-optimized to

run on the DMM/diesel fuel blend. In spite of

this, substantial particulate mass reductions

were observed with the additive. It is possible
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that tuning the engine for the DMM blend can

improve the mass reductions and possibly ad

dress the particle number issue, say

Maricq et al.

F-T TECHNOLOGY SEEN AS KEY TO

TRANSPORT FUELS FROM COAL, GAS

AND OTHER FEEDSTOCKS

The security and economy of the United States

will continue to be vitally linked to an efficient

transportation system of air, rail and highway
vehicles that depend on a continuous supply of

liquid fuels at a reasonable price and with char

acteristics that can help the vehicle manufactur
ers meet increasingly strict environmental

regulations. However, an analysis of United

States oil production and demand shows that,
between now and 2015, a significant increase in

imported oil will be needed to meet transporta

tion fuel requirements. One element of an

overall United States Department of Energy

(DOE) strategy to address the energy security
issue while helping meet emissions require

ments is to produce premium transportation fu

els from non-petroleum feedstocks, such as

coal, natural gas, and biomass, via Fischer-

Tropsch (F-T) and other synthesis gas conver

sion technologies. The DOE program was out

lined in a paper by R. Srivastava et al. at the
15th

Pittsburgh Coal Conference held in Sep
tember.

F-T Technology

As explained by Srivastava et al., F-T technol

ogy uses catalysts to convert a mixture of car

bon monoxide and hydrogen, known as synthe

sis gas or syngas, into a wide boiling mixture of

hydrocarbons. The exact composition of the

F-T product is a complex function of a number

of factors, including the catalyst used, the oper

ating conditions, type of reactor and feed com

position. The active ingredients in F-T catalysts

are usually transition metals, the two most

common being iron and cobalt. Iron is generally

used in the form of an unsupported oxide, which

is reduced and carbided under operating condi

tions. Iron typically produces a product con

taining a significant fraction of olefins and alco

hols. In addition, iron catalysts have water gas

shift activity and can, therefore, operate with a

feed having a low hydrogen to carbon monoxide

ratio, such as is produced from coal gasification.

Cobalt produces a product which is mainly

straight-chain paraffins. Cobalt has little water

gas shift activity, so the fresh feed must have

close to the desired hydrogen to carbon mon

oxide usage ratio.

F-T products are desirable from an environ

mental point of view. Because F-T catalysts are

sulfur sensitive, the feed must be completely

sulfur free which means that the product is also

sulfur free. In addition to being sulfur free, the

product is also nitrogen and aromatics free. F-T

diesel fuel has a high cetane number. Although

raw F-T naphtha has a low octane number, it

can be processed into high-quality gasoline.

F-T distillate also makes excellent ethylene

plant feedstock.

Although discovered 70 years ago, economic

factors have generally kept F-T technology from

being used commercially except under special

circumstances where cost was not the primary

concern. However, state Srivastava et al., ma

jor improvements to the technology over the

past decade have had a significant effect on the

economics, so that there is currently consider

able interest in commercial applications of F-T

technology. The areas where the most impor

tant advances in F-T technology have been

made are in catalysts and reactor develop
ments.

An advantage of F-T technology is that the re

quired syngas can be produced from almost any
carbonaceous material. In addition to coal and

natural gas, biomass can be used, as well as

carbonaceous industrial wastes, such as plas

tics. Some interesting developments are under

way which may lower the cost of syngas pro

duction. This is important because syngas pro

duction accounts for a large fraction of the cost

of F-T liquids.

To ensure that F-T technology continues to im

prove, the DOE, through the Federal Energy
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Technology Center, is continuing to sponsor a

wide ranging slate of activities including catalyst

development, product utilization studies, reactor

development, catalyst-wax separation and ce

ramic membranes development. These activi

ties are designed to both improve F-T technol

ogy and decrease its cost.

Catalyst Development

Catalyst development activities have involved

an extensive effort to improve the performance

of iron catalysts, with a more limited effort on

cobalt catalysts. These efforts have resulted in

iron catalysts with much higher activities than

previous catalysts. Catalysts can be formulated

to vary the Anderson-Schulz-Flory alpha so that

products are primarily low boiling, intermediate

boiling or high boiling. A problem with iron

catalysts is that they tend to have low structural

strength with the result that attrition tends to

produce small catalyst particles during slurry

operations. These small particles are difficult to

separate from the liquid product. Work is con

tinuing to improve the attrition resistance of iron

catalysts.

The object of the work on cobalt catalysts has

been to develop a cobalt catalyst with a high

alpha, high activity and low methane production.

A second objective was to add water gas shift

activity to the catalyst so as to produce a cobalt

catalyst that could be used with coal-derived

synthesis gas without requiring a shift conver

sion unit.

Product Utilization

Product utilization activities are mainly aimed at

identifying the characteristics of F-T products

and determining how best to integrate F-T liq
uids into a refinery. Processing that can be

used to upgrade F-T liquids include reforming

and isomerization for naphtha upgrading, and

wax hydrocracking for diesel fuel production and

pour-point reduction.

Slurry Reactor Development

A problem faced by process engineers when

designing an F-T reactor is that the reaction is

highly exothermic. Furthermore, selectivity

starts to deteriorate (that is, methane production

increases) as reaction temperature increases.

Temperature control and heat removal are,

therefore, critical.

Slurry-phase F-T reactors show great potential

for being the most economic way to convert

synthesis gas into liquid fuels, due to their rela

tively simple reactor design, high heat removal

ability, thermal stability and high productivity.

The excellent heat management capability of

slurry bed reactors allows higher conversion per

pass than in tubular fixed-bed reactors and

avoids hot spot problems. In addition, slurry

reactors are easily built in the large sizes re

quired for fuels production processes and can

readily tolerate the moderate temperatures and

pressures required for F-T synthesis.

The design of slurry reactors is the last remain

ing area to be developed in reactor engineering,

says DOE. Current design techniques are

based on inadequate understanding of the liquid

and gas hydrodynamics of slurry reactors.

Therefore, considerable effort has been ex

pended to develop a fundamental description of

the multiphase fluid dynamics in slurry bed re

actors and to use computational fluid dynamics

codes to solve the problem.

Catalyst/Wax Separation

For slurry reactors to live up to their potential,

effective and economical methods of cata

lyst/wax separation must be developed. This is

especially important for iron catalysts which

tend to have poor attrition resistance.

Syngas Production

The two most widely used processes for syngas

production are steam-methane reforming and

partial oxidation. Steam-methane reforming is

restricted to light hydrocarbons, but partial oxi
dation can be used with almost any carbona

ceous feed that can be introduced into the gasi

fier.

Although partial oxidation has the advantage of

being able to use a wide range of feedstocks, it
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has the disadvantage that oxygen is required to

avoid diluting the syngas with nitrogen. A

promising technology that is currently under de

velopment with DOE funding is the use of ce

ramic semipermeable membranes for oxygen

separation. These membranes can be fabri

cated in the form of tubes. When air is passed

over the outside of the tubes, oxygen diffuses

through the tube walls and is recovered at the

ends of the tubes. A further interesting concept

is to pass methane through the tubes. In this

case, the oxygen diffusing into the tubes would

react immediately with the methane. This would

mean that the partial pressure of oxygen in the

tubes would remain essentially zero. Thus,

oxygen from air could continue to diffuse into

the tubes regardless of the actual pressure in

side the tubes. This concept holds great prom

ise for lowering the cost of producing syngas

from natural gas, say Srivastava et al.

Implementation Strategy

From the above brief summary it is clear that

the cost of F-T plants should continue to de

crease, and the prospects for development of

this technology look bright.

One potential spot for an F-T plant would be the

North Slope of Alaska, where F-T liquids pro

duced from natural gas could help offset de

clining crude oil production. Of particular im

portance is the identification of a window of

opportunity to extend the life of the Trans-

Alaskan Pipeline System (TAPS). Identification

of a viable technology to convert gas to pipe

line-quality liquids by 2009 to 2016 could extend

the life of TAPS, which is vitally important to

Alaska's economy. Therefore, there is consid

erable incentive to develop and commercialize

new F-T technology capable of a 20,000- to

50,000-barrel per day production rate by early in

the
21st

century.

Another possibility is to employ F-T technology

in conjunction with a so-called energyplex, for

example as part of an Integrated Gasification

Combined-Cycle (IGCC) project. Because syn

gas is being produced as an integral part of an

IGCC operation, one concept is to send this gas

to a once-through F-T unit. Unconverted feed

and unrecovered product would be sent to the

combustion turbine. Because this would be a

once-through F-T unit without strict require

ments for product recovery efficiency, it would

be a much cheaper unit.

Conclusions

Although some questions still remain, the

authors believe the potential for successful im

plementation 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 commercially attractive option now.

BRIGHTSTAR SYNFUELS GASIFIER READY

FOR BIOMASS FUEL AND POWER

PROJECTS

Brightstar Synfuels Company (BSC) of Houston,

Texas, has commercialized a modular,
skid-

mounted gasifier that produces a medium-BTU

gas that is cooled and cleaned prior to use as a

fuel. R. Menville of BSC says the gasifiers are

commercially available and can produce fuel or

power from biomass. Menville presented a pa

per at the BioEnergy *98: Expanding BioEnergy
Partnerships Conference held in Madison, Wis

consin, in October.

Steam Reforming of Biomass

Most biomass gasification processes utilize air

or oxygen in partial oxidation or combustion

processes. Menville says these processes were

a satisfactory way to produce steam and even

power when emissions issues were not a con

cern and biomass had little or no value so effi

ciencies were not relevant. However, these

processes suffer from low thermal efficiencies

because of the energy required to evaporate

moisture that is typically inherent in the bio

mass. The BSC steam reforming process actu

ally utilizes up to 40 percent moisture in the

biomass as a reactant.
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The BSC process is similar to the steam re

forming processes long utilized by chemical

manufacturers to make methanol and ammonia,

for example. In these chemical processes,

natural gas or methane is reformed into a more

desirable gaseous chemical feedstock by react

ing it with steam at elevated temperatures. The

resulting synthesis gas (a mixture of H2 and CO)
is then catalytically converted into methanol or

ammonia.

The reactions that take place in the BSC gasifier

are basically:

Evaporation of inherent moisture

Devolatilization of higher organics

Pyrolysis

Steam reforming

All of these reactions occur in a continuous

process and in a reducing environment. The

process can achieve over 97 percent conversion

of biomass carbon to useful syngas without pro

ducing troublesome tars, oils or contaminated

effluents. The process is also robust in its abil

ity to handle feedstocks with varying degrees of

inherent moisture, ranging from bone dry wood

(in which case moisture must be added to the

feedstock) to organic sludge with moisture con

tents of over 60 percent. Unlike combustion

systems where any moisture in the feedstock

results in an energy efficiency penalty, the BSC

process utilizes a portion of the moisture for the

steam/carbon reaction to produce hydrogen and

other combustible gases. At 40 percent mois

ture in the feedstock, the BSC system achieves

a cold gas efficiency of about 80 percent, ac

cording to Menville.

The BSC process is single stage and continu

ous. The biomass feedstock is flash dried in the

initial stage of the process, effectively separat

ing the cellulose fibers. Within the gasi-

fier/reformer, the complex cellulose molecule

behaves like any carbon-hydrogen-oxygen

containing molecule undergoing thermal de

composition. As the temperature of the process

flow is raised, the organic material disintegrates

into volatile pyrolysis gases and oils plus char.

The complex hydrocarbon molecules in the py

rolysis oils then dissociate into light fraction hy

drocarbons and continue to reform in the pres

ence of hydrogen.

The BSC process ensures the destruction of

volatile organic compounds in the flue gas and

achieves between 97 and 99 percent conversion

of carbon into syngas through control of the

critical process parameters.

BSC says it has gasified the following biomass

feedstocks:

Hardwood and pine saw dust

Bark/hogged fuel

Sander/grinder dust from panel board

mills

Pulp and paper mill sludge

Whole and ground rice hulls

Sugar cane bagasse

Sewage sludge

The cellulosic fraction of municipal solid

waste

Several grades of lignite and subbitumi

nous coal

The BSC System

The BSC process has progressed through

nearly 10 years of research, development,
demonstration projects and commercial-scale

testing. After initial proof-of-concept work in

1989-1990, successful pilot-scale tests were

conducted at a throughput of 25 to 90 kilograms

per hour of various biomass feedstocks.

In 1994 a commercial-scale test project was

developed at a large particle-board plant. This

system gasified up to 17,600 kilograms per hour

(4 tons per hour) of sander dust. While the

scaleup of the reformer was a success, the heat

recovery equipment was not suited for cooling
the gas produced from the urea formaldehyde
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laden sander dust and the project ceased op
erations in 1995.

In 1996 BSC constructed a new, free-standing
Commercial Demonstration Facility (CDF) near
Baton Rouge, Louisiana. This plant operates

full time with the operators working in shifts.

The plant has a design throughput of up to

680 kilograms per hour. The unit is considered

commercial in scale because the BSC system is

a "tubular entrained-flow
gasifier"

and the CDF

utilizes a single tube that is similar in dimension

and geometry to the tubes used in commercial

modules.

One of BSC's major shareholders is a United

States subsidiary of Energy Developments Lim

ited (EDL), an Australian-based independent

power producer. EDL has developed approxi

mately 200 megawatts of installed generating

capacity, about two-thirds of which produces

electricity from low- and medium-BTU
"waste"

gases, such as landfill gas and coal seam meth

ane, which are similar to the gas produced by
the BSC gasifier. EDL has successfully devel

oped a strategy for utilizing modular generator

sets coupled to reciprocating engines.

As a result of the strategic relationship with EDL

and other factors, BSC has developed a shop

fabricated module that can provide direct fuel

for process heat or can be coupled with an en

gine/generator to produce electrical power. This

modular, skid-mounted gasifier has a design

throughput of 3,000 pounds per hour of biomass

with a 40 percent moisture content to produce

approximately 1 1 million BTU per hour of clean

syngas (sufficient to fire 1 megawatt of electrical

power).

The wood panel and pulp and paper mills owned

and operated by the major United States forest

products companies are the primary initial mar

kets for BSC's commercial systems. The prin

cipal application in each case is the gasification

of mill wood waste to produce syngas burned as

fuel in these mills to provide heat, raise steam,

generate electricity or, in the case of some pa

per mill sludge projects, virtually eliminate the

solid waste leaving the gate.

BSC is currently developing two projects that

will require in their first phases three 1 .5-ton per

hour modules. One of these projects will use

two modules to gasify bark to displace natural

gas currently fired in thermal oxidizers at a ma

jor mill in East Texas. Later phases of that

project will add up to 20 modules. A third proj

ect currently under development will gasify ur

ban green waste (tree trimmings, lawn clippings,

etc.) and municipal solid waste pulp at a landfill

in Australia. The syngas will be used to gener

ate electricity using a reciprocating en

gine/generator. Both projects were scheduled to

startup in late 1998.

BSC says it is working closely with major United

States pulp and paper producers to evaluate the

economics of gasifying various waste streams

generated by their mills. Initial results from

gasification of primary clarifier sludge generated

at a large business paper mill indicate that the

BSC process is ideally suited for this applica

tion. The sludge, as received from the mill, is

approximately 60 to 70 percent moisture and

contains inorganics ranging from 23 to

52 percent of solids.

PROGRESS IN DIRECT METHANOL FUEL

CELLS NOTED AT JET PROPULSION

LABORATORY

Direct Methanol Fuel Cells (DMFC) are being
developed as power sources for portable appli

cations. There has been considerable devel

opment of the DMFC technology at the Jet Pro
pulsion Laboratory (JPL) of the California

Institute of Technology and at various other in

stitutions. According to a paper by
S.Narayanan et al. at the 1998 Fuel Cell Semi

nar held in Palm Springs, California, in Novem

ber, significant improvements in power density,
efficiency and life have been demonstrated at

the cell and stack level in the last few years

rendering liquid-feed DMFCs as a candidate

power source for portable applications. The

development of integrated power systems based

on this concept is now being actively pursued

at JPL.
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Briefly, the fuel feed subsystem delivers pure

methanol into a circulating loop of dilute metha

nol (Figure 1). Dilute methanol of a specified

concentration constitutes the fuel solution en

tering the fuel cell stack. During operation, the

concentration of methanol solution exiting the

stack is reduced, and pure methanol must be

added to restore the solution to the specified

original concentration. Carbon dioxide is re

jected from the solution loop at a gas-liquid

separator. Air is introduced in the stack with an

appropriate device such as a blower or a com

pressor. The exiting air passes through a con

denser that serves to recover water and reject

heat. A portion of the recovered water may be

returned to the fuel circulation loop. Additional

heat rejection is accomplished through a radia

tor in the fuel circulation loop.

Narayanan et al. note that water balance and

thermal balance are fundamental requirements

for stable system operation. Water balance is a

strong function of the ambient temperature and

the stoichiometric flow rate of air. Under the

conditions of 0 percent humidity and high stoi

chiometric rates of air flow the water balance

can be maintained only below an ambient tem

perature of 25C. At lower stoichiometric rates

of about 3, the highest operating point is

about 37C. Operation at stoichiometric rates

below 3 presents a significant reduction in cell

performance due to water removal problems.

Calculations also indicate that operation at tem

peratures higher than 60C, for example at

70 or 75C, will result in a large heat rejection

system because of the high crossover rates ex

hibited by methanol and the high rates of
evapo

rative water removal at the high stoichiometic

air flow rates. From the above analysis, air flow

rate is shown to be a critical variable and im

provement of performance at low air stoi

chiometry is important to the
realization of port

able systems.

Experimental and modeling studies have shown

that methanol concentration is also a key pa

rameter governing system size, efficiency and

operation. Increases in concentration of metha

nol result in increased crossover rates, in

creased heat production, increased air demand

and lower stack performance. Therefore, JPL is

developing a fast and robust sensor for moni

toring methanol concentration.

Methanol crossover can be reduced substan

tially by using alternate membranes being de

veloped by the University of Southern California

and JPL. The use of these membranes will re

duce the sensitivity of the system to small

changes in methanol concentration and allow

operation at low air flow rates.

FIGURE 1

SCHEMATICOF DMFC SYSTEM
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SOURCE: NARAYANAN ETAL.
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Efforts are currently under way to realize a

lightweight 150-watt power system.

MAXIMUM BENEFIT OF F-T DIESEL FUELS

MAY REQUIRE ENGINE MODIFICATIONS

The United States Department of Energy is em

barking on a program investigating the use of

Fischer-Tropsch (F-T) fuels as a premium qual

ity substitute or blending agent in Direct-

Injection (Dl) compression-ignition (diesel) en

gines. M. McMillian of the Federal Energy

Technology Center and M. Gautam ofWest Vir

ginia University discussed the processing of F-T

fuels, emissions issues, available engine tech

nology and the opportunity offered by F-T diesel

fuels for emissions control when considering

diesel injection technologies at the Society of

Automotive Engineers (SAE) International Fall

Fuels and Lubricants Meeting held in San Fran

cisco, California, in October (SAE Paper

No. 982489).

In modem automotive and heavy-duty Dl diesel

engines, precise fuel injection control is critical

for achievement of 1998 and 2004 NOx and

Particulate Matter (PM) emission levels. High

injection pressures, pilot injection and injection

rate shaping are all optimized to maximize effi

ciency and power, and to minimize emissions.

These parameters must be considered as vari

ables in the trade-off scenario between NOx and

PM. Another parameter that may be considered

important is the fuel type. F-T liquid fuels pro

duced from synthesis gas (a mixture of carbon

monoxide and hydrogen) are straight-chain ali

phatic hydrocarbons containing virtually no

aromatic compounds or sulfur species.

In general, FT-derived fuels are characterized

by their low aromatic content, low sulfur and

high cetane number.

Table 1 compares a typical No. 2 diesel fuel

(DF2), a CARB (California Air Resources Board)

fuel which conforms to California fuel specifica

tions and a hypothetical F-T fuel.

Combustion and F-T Fuel Injection

Optimization

According to McMillian and Gautam, the diesel

combustion process can be divided into four

phases:

The ignition delay period which is de

fined as the time between start of injec

tion and start of combustion.

The premixed combustion phase, in

which the fuel injected into the cylinder

during the ignition delay period is

burned, producing a high heat release

rate. The premixed phase contributes to

NOx production due to higher tempera

tures near Top Dead Center (TDC), the

readily available oxygen present, and by

developing a hotter environment for fuel

injected in the mixing controlled phase.

The main mixing controlled phase is

where the remaining fuel is injected into

burning or burned gases and combustion

takes place as a partially premixed diffu

sion flame. This means that most of the

fuel bums like a gaseous layered mixture

cloud in which areas with different ther

modynamic conditions and mixture frac

tions are present. By mixing with com

bustion gas, mixture elements may reach

moderately high temperatures and low

air/fuel ratio states at the same time

yielding high soot formation rates.

The late combustion phase is character

ized by a slow heat release rate, rapid

piston expansion and burnout of soot

particles. The kinetics of the final fuel

and soot burnout process become

slower as the temperature of the cylinder

gases decrease with piston expansion.

Because F-T fuels contain extremely low double

bond equivalence and low C/H ratio, they are

much less likely to soot. Thus, F-T fuels will

allow a greater degree of timing retard to pro

duce lower NOx for a given PM emission index

in an optimized engine. Typically, fuel injection
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TABLE 1

TYPICAL APPROXIMATE VALUES

FOR VARIOUS FUEL PARAMETERS

Typical

DF2 CARB Diesel Straiaht Run F-T

Cetane No. 46 49 60-80

Specific Gravity 0.85 0.83 0.81

C/H wt. Ratio 6.5 5.95 5.8

Aromatics wt.% 28-32 <10 1

Saturates wt.% 65 88 98

Sulfurwt.% <0.05 <0.05 0.003-0.03

schedules are not optimized for F-T fuels. Fur

ther reduction in emissions may be realized with

optimization experiments with F-T fuels.

A combination of high-pressure fuel injection

and reduced orifice area of the injector im

proves air/fuel mixture and drastically reduces

PM. In the future, injection pressure combined

with injection rate shape must be optimized in

all operating ranges to achieve desirable torque

characteristics, minimized smoke and NOx
emission rates and fuel consumption.

The high cetane number characteristic of F-T

fuels provides a means to reduce the ignition

delay period, lowering initial combustion tem

perature and thereby reducing NOx. With injec

tion rate control, F-T fuels can provide other

trade-offs too. Injection rate control is one of

the means of designing combustion patterns. A

simple pilot injection intended to control pre

mixed combustion can show a significant reduc

tion of premixed combustion in the early part of

combustion. Initial pilot injection can also de

crease ignition delay. Reducing the amount of

fuel entering the cylinder at low injection pres

sures near the end of injection is essential to

controlling PM and HC.

Rail pressure and pilot injection each affect av

erage injection rate. NOx emissions increase

with increasing rail pressure. Pilot injection re

duces injection rate by extending the time over

which fuel is injected and decreasing the main

ignition delay which tends to lower NOx. This

results in lower heat release rates, with an at

tendant reduction in NOx formation rates. Tim

ing of pilot injection at constant overall injection

volume, may be advanced with F-T fuels due to

their high cetane number. This will further aid in

NOx reduction. Optimization with F-T fuels will

allow for a greater window for pilot fuel timing,

duration and quantity.

Research at the University ofWisconsin Energy
Research Center has shown that retarded timing
is most effective in reducing NOx. The changes

were rather dramatic with an approximate

40 percent increase in NOx by going from 100

(-2) (read 100 percent of fuel injected at
-2

before TDC) to 100 (-10). However, retarded

timing produced significantly greater PM emis

sions. Soot was correlated with percent fuel

injected later than
8

after top dead center.

When soot is formed during the later portion of

the expansion stroke there is not sufficient resi

dence time for oxidation.
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A summary of potential benefits of F-T fuels for

fuel injection emissions control is given in Ta

ble 2 (next page).

Conclusions

In terms of combustion explain the authors, it is

generally necessary to limit the premixed com

bustion process and control the diffusion com

bustion process. Modification to the combustion

chamber and high-pressure fuel injection are

effective for PM reduction. Similarly, combus
tion control by pilot injection and Exhaust Gas

Recirculation (EGR) can reduce NOx. However,
when implementing these key technologies indi

vidually, it is still difficult to overcome the NOx-

PM trade-off. Thus, electronically controlled,

rate-shaped, high-pressure fuel injection be

comes an effective method. In addition, in or

der to cope with even stricter exhaust emission

regulations in the future, aftertreatment devices

may be a necessity.

Furthermore, F-T fuels provide a favorable

benefit for reduction of NOx using EGR due to

their lower sooting propensity. This not only
allows the use of higher EGR rates, but the

lower PM content of the EGR gases has the

potential to allow reduced engine wear com

pared to engines with EGR operating with stan

dard fuels. Most importantly, due to low sulfur

levels, F-T fuels can better enable catalytic NOx
control in diesel engines by reducing sulfate

formation on catalyst surfaces.

EDISON TECHNOLOGY SOLUTIONS

ANNOUNCES DEVELOPMENT OF

SMALL-SCALE HYBRID POWERPLANT

Edison Technology Solutions (ETS) has an

nounced plans to demonstrate and lead the

commercialization of the first 250-kilowatt
"hybrid"

generating plant integrating a fuel cell

with a microturbine generator.

The hybrid plant is expected to have lower

capital costs than a stand-alone fuel cell, with

twice the efficiency of a stand-alone microtur

bine. The hybrid powerplant is targeted to oper

ate at an efficiency of 60 percent with a capital

cost of $1,000 per kilowatt, bringing the eco

nomics of large-sized combined-cycle units

down to the individual customer level.

"A fundamental change is occurring in power

generation, with former economies of scale be

ing replaced with economies of
manufacturing,"

according to V. Budhraja of ETS, who keynoted

the 1998 Fuel Cell Seminar in Palm Springs,

California, in November.

The hybrid powerplant design is the result of a

multimillion dollar program developed in coop

eration with the United States Department of

Energy, the California Energy Commission and

Siemens Westinghouse, which is the fuel cell

manufacturer. The first unit, utilizing a pressur

ized 200-kilowatt solid oxide fuel cell and a

50-kilowatt microturbine, will be installed in

mid-1999 at the National Fuel Cell Research

Center (NFCRC), located at the University of

California, Irvine.

The hybrid powerplant works by using the mi

croturbine compressor to pressurize the fuel cell

to approximately 3 atmospheres. Exhaust gas

at 1 ,500F from the fuel cell is then used as the

motive force for the microturbine, driving both

its compressor and generator. While the plant

at the NFCRC will run on natural gas, it is flexi

ble enough to operate with other fuels. The

plant has no detectable nitrogen oxide emis

sions and greatly reduces carbon dioxide emis

sions.

"The hybrid power system is revolutionary in

power
generation,"

says R. George of Siemens

Westinghouse. "It has the attributes of ultrahigh

efficiency without a steam cycle and negligible

emissions, even in systems as small as

250
kilowatts."

Hospitals, hotels, universities and other custom

ers with high load factors are seen as likely us
ers of the hybrid powerplant. ETS will work with

utilities and energy service companies to com

mercialize and deploy the technology.
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TABLE 2

POTENTIAL BENEFITS OF F-T FUELS FOR

FUEL INJECTION EMISSIONS CONTROL

Parameter

Injection Timing

Injection Duration

Rising Injection Rate

Decaying Injection Rate

Peak Pressure

Pilot Timing

Post Injection

Benefit

Permits greater degree of timing retard for NOx

control without soot penalty.

Longer for F-T fuels, thus smoothing heat release rate.

Allows lower soot as trade-off.

Allows lower NOx as trade-off.

May be advanced due to lowermass flow rate of

(less dense) F-T liquids.

May be advanced due to F-T shorter ignition delay

benefitting thermal efficiency.

May allow more or later late phase injection without

soot penalty. Useful for catalytic NOx reduction.

INTERNATIONAL

GASIFICATION OF REFINERY RESIDUES TO

LEAD THE WAY FOR IGCC IN INDIA

In a paper prepared for the conference

"Gasification: The Gateway to a Cleaner Fu
ture,"

held in Dresden, Germany, in September,

C. Higman and R. Sharma of Lurgi India Com

pany Ltd. presented an Indian perspective on

gasification.

The current installed power production capacity

of India is about 90,000 megawatts (MW),

somewhat less than that of Germany, a country

with less than one-tenth of India's population.

With a rate of industrial growth substantially

higher than that of the Organization for Eco

nomic Cooperation and Development countries,

there is an urgent demand for increased gener

ating capacity in India. A lack of availability of

electric power is perceived to be a real bottle

neck to future growth.

Against this background, India has enormous

reserves of coal, albeit much of it with a high

ash content. Furthermore, India is proceeding

with a major expansion in petroleum refining

capacity with an attendant production of petro

leum coke and heavy residue. Natural gas re

sources are, however, limited and a significant

part of this is dedicated to the fertilizer industry.

There is thus a favorable climate in India for

Integrated Gasification Combined-Cycle (IGCC)
power generation projects using refinery resi

dues as feedstock. Higman and Sharma review
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the overall energy scenario in India, in particular
electric power demand and fuel aspects and the

prospects for IGCC.

The Energy Scenario in India

Demand for electricity is expected to continue to

grow at a compounded annual rate of 8 percent

until 2011. The current overall average energy
deficit of 9.5 percent and a peak shortage of

19 percent remain unserved. In terms of in

stalled capacity, this amounts to a backlog of

about 15,000 MW with average annual addition

of 8,000 to 10,000 MW.

In the government plans for the last 4 decades,
there has been a continuous increase in the ca

pacity addition, but this has not kept pace with

the targets orwith actual demand.

In the recent past a significant amount of em

phasis has been placed on the use of naphtha

as a fuel for power production. The origins of

this phenomenon can be attributed to the recog

nition that a naphtha-fired gas turbine can be up

and running on open-cycle in about 18 months

and on closed-cycle in 24 months. An urgent

necessity to bridge the power supply/demand

gap led to a situation where applications were

made for a total of 36,000 MW of naphtha-

fueled Independent Power Producer (IPP) proj

ects. Fuel linkage was granted for about

12,000 MW of projects. In the meantime it has

been recognized generally that naphtha is far

too expensive to find general use for power pro

duction.

The Indian Refining Sector

The current oil refining capacity in India is ap

proximately 62 million tons per year (mmtpy)
with additional 35 mmtpy under various stages

of execution. Further, nearly 45 mmtpy capac

ity is planned, so that capacity would be doubled

over the next 5 years.

Currently most of the residue is blended with

cutter stock for sale as heavy fuel oil. Given the

demand for middle distillates, there is a clear

incentive to process the residue in a fashion

which does not require degrading that middle

distillate into furnace oil. Various approaches

are being reviewed by different companies at

present, using visbreaking, solvent deasphalting

or coking technologies to recover usable lighter

fractions of vacuum residue. However, no

matter which technology is adopted in any par

ticular case, further residue, as pitch or coke will

remain.

Oil Gasification

India's experience with gasification of liquid

feedstocks dates back to the 1960s, when it was

utilized for production of hydrogen from naphtha

for fertilizer plants. To date at least 1 1 plants of

various capacities have been installed in the

country.

Oil gasification thus offers a technology which

has been proven under Indian conditions to pro

vide a reliable source of synthesis gas in indus

trial service.

Coal Gasification

India already has some experience with coal

gasification and has even made advances in

developing an indigenous technology. Plants

built in India include those listed in Table 1 .

The history of coal gasification in India is not as

happy as that of oil gasification, say the authors.

This situation is intimately connected to the par

ticular characteristics of Indian coal (see Ta

ble 2). Indian coal has a relatively low sulfur

content. The problem lies in the extremely high

ash content, which can often be as high as

40 percent, and the nature of the ash, which

contains high amounts of silica and alumina.

The typical ash deformation temperature is

1,170 to 1,240C and the fusion temperature is

above 1,400C. This high ash content with a

high melting point presents great difficulties to

all slagging processes. Any gasifier operating in

a slagging mode consumes more oxygen be

cause of the heat required to keep the ash mol

ten at the slag tap. With most coals, this disad

vantage of operating under slagging conditions

is outweighed by the advantages of high tem

perature operation. These include elimination of

all volatiles in the gas and reduced methane
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TABLE 1

COAL GASIFICATION PLANTS BUILT IN INDIA

Company Location Fuel

Fertiliser Corp. of India Talcher Coal

Fertiliser Corp. of India Ramagundum Coal

Indian Institute of Chemical Technology Hyderabad Coal

Bharat Heavy Electricals Limited Trichy Coal

Process Remarks

K-T

K-T

Lurgi

BHEL

Lurgi Rectisol

Lurgi Rectisol

TABLE 2

PROPERTIES OF TYPICAL INDIAN COAL

Carbon, wt.%

Hydrogen, wt.%

Nitrogen, wt.%

Sulfur, wt.%

Oxygen, wt.%

Moisture, wt.%

Ash, wt.%

Volatile Matter, wt.%

Fixed Carbon, wt.%

Gross Calorific Value, kJ/kg

34-36

3.2 - 3.5

1-1.5

0.5-1.0

7.5 - 8.5

6-8

35-45

20-26

26-34

14,500-18,500

slip. Thus modem process developments have

taken the high temperature route. The high ash

content of Indian coals, however, makes such

high temperature processes extremely expen

sive in oxygen demand. There is also the

problem of handling the large volumes of silica

in an entrained-flow process.

For this reason when looking at gasifying Indian

coal, the tendency is to look at non-slagging

processes. The IICT Unit at Hyderabad is a

small test unit used primarily for research and

coal testing purposes. The BHEL Unit at Trichy

is an indigenous development, also aimed at

finding a way to improve coal use in India.

There are also substantial reserves of lignite in

India. The first 60-MW IGCC/Cogen plant

based on lignite is under consideration by
Sanghi Industries as a Captive Power Plant

(CPP) for their cement facility at Kutch in Gu

jarat State. It is planned to use Carbona pres-

surized-fluid bed gasification technology sup

plied through IBIL Tech and licensed from the

Institute of Gas Technology. The plant is

scheduled to come onstream in the year 2000.

Biomass Gasification

Biomass gasification is also receiving some at

tention in India. Currently there are many
small-

scale atmospheric
"village"

gasifiers operating in

the country, primarily to fuel gas-engine driven

irrigation pumps, providing up to 70 percent die

sel replacement. Higman and Sharma note that

the development of any
medium- to large-scale

units will depend primarily on finding a solution

to the task of biomass collection. At especially

favorable locations such as sugar mills, there

are a number of projects under review. How

ever, all are based on the assumption that a

substantial government subsidy will be avail

able.

IGCC Plants

As has been seen, there is a tremendous de

mand for new power generation capacity in In-
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dia today. Apart from coal, there are few in

digenous energy sources to meet this demand.

Nonetheless there will be sufficient residue from

India refineries in the next few years to produce

about 10,000 MW power, or 10 to 20 percent of

the total new generation capacity to be built in

the next 5 to 10 years.

In this scenario there is a definite opportunity to

exploit IGCC technology for refinery residues.

In addition to handling a straight visbreaker

residue or asphalt, there are processes such as

Lurgi's Multi-Purpose Gasification (MPG), which

are able to handle otherwaste streams from the

refinery such as tank sludges and petroleum

coke.

It is also worth noting that the gas processing

scheme can be adapted to produce a side

stream of hydrogen for use in the refinery in

stead of having to make it out of expensive

naphtha in a steam reformer. Alternatively,
methanol for MTBE or ammonia for the fertil

izer industry could be manufactured as addi

tional products.

Overall an IGCC using refinery bottoms can

achieve an efficiency of some 45 percent, while

achieving over 98 percent desulfurization. De

pending on the size of unit, overall capital in

vestment costs of about US$900 per kilowatt

can be achieved.

A number of Indian refineries have already pub

lished their intention to proceed with or consider

IGCC projects. These include the projects of:

Capital Availability and Financing

Given the growth rate predicted in government

planning, the additional generation capacity re

quired will be some 10,000 MW per year, cost

ing some US$10 billion per year. Current esti

mates indicate that the public sector can only

fund about US$3 billion of this and the rest will

have to come from IPPs, mostly with imported

capital.

An additional problem for the power industry is

the issue of distribution. In a country with In

dia's geography (long distances between gen

eration sites and large consumer centers as well

as a widely dispersed distribution of small con

sumers) the investment requirement for trans

mission and distribution approximates that of

the accompanying generation. The transmis

sion and distribution arm of the industry has

been notoriously underfunded for decades. This

would imply that in addition to an estimated

US$10 billion per year to distribute the planned

new generation capacity, further funding will be

needed to catch up on the backlog of neglect.

Higman and Sharma conclude that in the long
term the major increase in India's generation

capacity will have to come from domestic coal

supplies, probably using conventional technol

ogy. In the medium term there is, however,
considerable opportunity for a significant contri

bution using IGCC technology in the expansion

of the refining industry.

CRL in Cochin

HPCL (in conjunction with Andrah

Pradesh SEB) in Vizakhapatnam

MRL in Madras

IOC in a number of their refineries, in

cluding the East Indian Refinery in Pa-

radeep

FLUIDIZED-BED GASIFIER TESTED ON

PELLETIZED SUGARCANE BAGASSE IN

BRAZIL

The use of residues, bagasse in particular, from

the sugar and alcohol industry, traditionally used
to fuel boilers to satisfy the heat and electricity
demand of the processing plants with low con

version efficiencies, are now being increasingly
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considered for use in more efficient conversion

systems. An economically viable alternative to

sugarcane bagasse direct combustion is the use

of BIG/GT-CC (Biomass Integrated Gasifier/Gas

Turbine-Combined Cycle). E. G6mez, of the

State University of Campinas (UNICAMP), Bra

zil, et al. discussed the performance character

istics of a fluidized-bed gasifier fueled with ba

gasse pellets in Energy Conversion &

Management 40 (1999) pages 205-214.

Fluidized-Bed Reactor Prototype

Between July and August 1996 UNICAMP and

TERMOQUIP Energia Altemativa Ltda. con

structed and evaluated a fluidized-bed gasifier

prototype for sugarcane bagasse gasification

using air.

The gasification system prototype consists of a

series of modular components. The different

parts of the system are: the reactor, consisting

ofthe plenum, the bed zone, the freeboard zone

and disengaging zone where the gas exits the

gasifier; the fuel feeding system; the air distri

bution system; and the gas cleaning system, a

cyclone for removal of elutriated solid particles.

The gasifierwas designed for a thermal capacity
of 280 kilowattstn producing 252.68 cubic meters

per hour of gas at an operating temperature

of 760C. The energy conversion efficiency was

assumed to be 60 percent for the equipment

design calculations. The estimated bagasse

consumption was 104.46 kilograms per hour,

requiring 97.44 cubic meters per hour of air with

a superficial velocity of 0.75 meters per second.

Results

The performance parameters of the fluidized-

bed gasification system fueled with pelletized-

sugarcane bagasse were determined as a func

tion of the air factor, which ranged from 0.17

to 0.22.

A direct correlation between the air factor and

the gas lower heating value was not established,
at least not in the studied range. Large data

scattering for the gas lower heating value was

observed when the air factorwas fixed at 0.22.

The most important energy losses encountered

were those to the environment for an air factor

of 0.19 and average bed temperature of 785C.

The heat losses to the environment include:

losses in the soot at the cyclone exit, losses in

the tar leaving the reactor with the gas and re

maining in the reactor in condensed form,

losses in the form of non-gasified carbon which

remained in the reactor bed, lack of proper

equipment insulation and errors in experimental

measurements. The second most important

loss is the gas sensible heat loss, ranging from

5.9 to 7.2 percent with an air factor of 0.17 to

0.22 and an average bed temperature varying

from 672 to 774C. An air factor increase pro

duces an increase in the oxygen in the bed

which favors carbon gasification.

The highest encountered efficiencies, 29.2 and

33.4 percent, respectively, were obtained for an

air factor of 0.22.

The highest obtained values for the gas/fuel

ratio (1 .34 kilograms of gas per kilogram of fuel)
were obtained with an air factor of 0.22, repre

senting the highest carbon to gas conversion

rate.

Conclusions

According to G6mez et al., the most important

conclusions obtained from the design, construc

tion, installation and tests with the fluidized-bed

gasifier using bagasse pellets as feedstock were

the following:

The method used for the gasifier design

has proven to be viable, but with major

difficulties encountered in feeding the

fuel.

The gasifier feeding system did not allow

tests using bagasse and cane trash. The

problems were due to the biomass fea

tures, such as low density and brittle-

ness. These features lead to feeding
difficulties, such as clogging and bridg
ing. Bagasse pellets were then used in

the tests.
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The equipment did not allow conducting

tests with an air factor greater than 0.22

because itwas not possible to reduce the

fuel flow rate, and the bagasse pellet

presents a relatively higher density com

pared with bagasse, which was the fuel

considered in the design.

ENVIRONMENT

HEALTH CANADA REVIEWS TOXICOLOGY

OF SYNTHETIC FUELS

Recent analytical and toxicological studies on

synthetic fuels have confirmed previous obser

vations that higher boiling fractions and blends

are more toxic. It has also been reported that

toxic effects of synfuels are related to the Poly
cyclic Aromatic Hydrocarbon (PAH) content,

including nitrogen-containing and polar PAHs.

R. Poon and I. Chu of Health Canada, Ottawa,

Canada, reviewed recent mammalian toxicity
data of various synfuels and evaluated their

potential human health hazards in a presenta

tion at the
216th

American Chemical Society
National Meeting held in Boston, Massachu

setts, in August.

Carcinogenicity and Mutagenicity

Early epidemiological studies showed that work

ers involved in the production of coal gas had a

significantly higher rate of bladder and lung

cancer, and those in the production of shale oils

had a higher incidence of skin and scrotum can

cer. Reviews conducted by the International

Agency for Research on Cancer concluded that

shale oils were human carcinogens, and expo

sure to
"older"

coal-gasification processes was

carcinogenic to humans. Workers in coal liq
uefaction plants were also reported to have a

higher incidence of skin cancer. A large body of

evidence indicated that coal-derived synthetic

fuels and shale oils were carcinogenic in animal

studies and mutagenic in bacterial bioassays. In

general, the
middle- and high-boiling streams

were more tumorigenic. More recent studies on

coal coprocessing products and
bitumen-derived

products also indicated that the middle- and

high-boiling fractions were more
mutagenic.

Subchronic Toxicity

Although carcinogenicity and mutagenicity are

the main health concern of high-boiling synthetic

fuels, their subchronic toxicity data are also re

quired for health risk assessment. Table 1

summarizes the data for animal studies that

provide No-Observed-Adverse-Effect Levels

(NOAELs) for the fuels tested. It can be seen

that the major target organs are liver, blood,

bone marrow, thymus and thyroid. The higher-

boiling fractions were more toxic and had

NOAELs of less than 8 milligrams per kilogram

per day (mg/kg/day). In contrast,
petroleum-

derived unleaded gasoline and Fuel Oil No. 1

were less toxic, with NOAELs of greater than

250 mg/kg/day (Table 1).

Effects On the Skin

While the lowest boiling distillates showed the

weakest tumor induction and systemic effects,

they were shown to be a strong skin irritant. For

example, shale oil-derived distillates, jet fuels

and the light gas oil fraction of bitumen upgrad

ing products produced severe skin lesions in

rats. Chemical-induced skin phototoxicity ap

pears to be a major concern for high-boiling dis

tillates and bottom fractions. In a survey of

workers at a pilot coal liquefaction plant self-

reported photosensitivity reactions were strongly

associated with dermal exposure to the solvents

containing bottom fractions of coal liquids. Coal

tar and its products have been known to cause

photosensitive skin reactions. PAHs in coal tar

and bitumens, such as acridine, pyrene and

phenanthrene were reported to be potent pho-

totoxins. These compounds are also present in

the high-boiling fractions.

Effects On Immune Functions

Studies with laboratory animals showed that

high-boiling coal liquefaction products, high-

boiling coal coprocessing products, and me-
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TABLE 1

SYSTEMIC TOXICITY OF SYNTHETIC FUELS VIA PERCUTANEOUS ADMINISTRATION

Synthetic Fuel

Gasoline (unleaded)
Fuel Oil No. 1

Clarified Slurry Oil

Coal Liquefaction Products

CANMET HGO-I (154-378C)
Coal Coprocessing Products

CANMET HGO-II (387-521C)

Bitumen Upgrading Products

CANMET LGO (200-315C)
CANMET HGO-I (315-415C)

CANMET HGO-II (415-525C)

CANMET HGO-II (415-525C)

TMOAEL = no observed adverse effect level

Animal/Length
NOAEL*

of Exposure Taraet Oraan (ma/ka/dav)

Rabbits/2 wks Liver, blood, skin 590

Mice/13 wks Blood 250

Rats/1 3 wks Liver, thymus, bone marrow <8

Rats/1 3 wks Liver, blood, bone marrow <50

Rats/1 3 wks Liver, blood, thymus,

thyroid, bone marrow

<8

Rats/4 wks Bone marrow, skin 25

Rats/4 wks Liver, blood, bone

marrow, thymus

<25

Rats/4 wks Liver, blood, bone

marrow, thymus

<25

Rats/13 wks Liver, blood, bone marrow,

thymus, thyroid

<8

dium- and high-boiling bitumen upgrading prod

ucts produced thymic atrophy. Because the

thymus is an essential organ for the normal de

velopment of immunological functions in early

life, these observations suggest that treatment

with higher-boiling fuels may compromise the

immune system. In contrast to a paucity of
im-

munotoxicity data on synthetic fuels, these ef

fects of PAHs were well documented. In addi

tion to benzo(a)pyrene, other PAHs such as

phenanthrene and fluoranthene, which are

widely present in synthetic fuels, were also

found to have immunosuppressive effects. Re

cent surveys of coke-oven workers exposed to

PAHs revealed significant changes in their im

mune functions.

Complex Mixtures

It is generally accepted that the toxicities of

higher-boiling synthetic fuels are predominantly

related to their high PAH level. The actual PAH

composition has an impact as well because

various chemicals in the mixtures may exert

individual and interactive effects. For example,

individual PAHs were reported to exert an inter

active effect on the mutagenicity of the other

hydrocarbon components co-existing in the

mixtures. Neutral PAHs were associated with

skin carcinogenicity while nitroaromatic and

other polar aromatic compounds appeared to be

potent mutagens. Hydrotreatment is known to

substantially reduce the carcinogenicity,
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mutagenicity and acute toxicity of various syn

thetic fuels. However, detailed studies on the

effect of hydrotreatment on the PAH composi

tion are still lacking.

Conclusions

Prolonged exposure to synthetic fuels produces

a broad range of systemic effects which include

carcinogenicity, growth suppression, biochemi

cal changes, anemia and other hematological

disorders. Bone marrow, liver, kidney, thymus

and skin are target organs affected by treat

ment. The effects are more severe with heavy
distillates and distillates containing N-PAHs are

more biologically active. Although there is lim

ited information on the occupational effects of

synthetic fuels, experience with the health of

workers in the petroleum industry and coke-

oven operations can serve as a guide in the im

plementation of industrial hygiene programs for

synthetic fuel operations, say Poon and Chu.

These include engineering controls, personal

monitoring, hygiene practices and medical sur

veillance.

GAO QUESTIONS RESULTS OF FIVE-LAB

STUDY ON CONTROLLING CARBON

EMISSIONS

The United States General Accounting Office

(GAO) released a study in September

(RCED-98-239, Climate Change: Information on

Limitations and Assumptions ofDOE's Five-Lab

Study) which reviews the September 1997 De

partment of Energy (DOE) study quantifying the

potential for energy-efficient and low-carbon

technologies to reduce United States carbon

emissions to 1990 levels by 2010. Among other

things, the study (also known as the five-lab

study) concluded that an aggressive national

commitment to energy-efficient and low-carbon

technologies coupled with an increase in the

price of carbon-based fuels of $50 per metric

ton could reduce carbon emissions to the lev

els they were in 1990, with energy savings esti

mated to roughly equal or exceed costs. In view

of the study's potential influence on United

States climate change policy, the GAO provided

information on:

How the study's scope and methodology

may limit its usefulness.

Key assumptions that may have influ

enced the study's results.

The study's role in the formulation of the

Kyoto Conference's emission-reduction

goals for the United States.

According to the GAO review, the five-lab study

is an important step in evaluating the role that

energy-efficient and low-carbon technologies

can play in the nation's efforts to reduce global

warming gases. However, in the Agency's re

view, the study's usefulness is limited because it

does not discuss the specific policies needed to

achieve its estimate of 394 million tonnes of

carbon reductions by 2010 and does not fully
consider the costs to the nation's economy of

reaching this goal. For example, a policy in

volving tax credits as an incentive for consum

ers to make energy-efficient purchases could

have different economic and budgetary impacts

from a policy requiring manufacturers to meet

minimum energy-efficiency levels for products.

According to DOE laboratory officials, specifying
the types of policies needed to achieve such

significant reductions by 2010 was not one of

the study's objectives.

Furthermore, the study assumes a fee of

$50 per ton for carbon emissions, which would

increase the cost of energy; however, the study
does not evaluate the broader impacts that this

cost may have on the economy. DOE labora

tory officials acknowledge that the study does

not examine the broader economic impacts of

such a carbon fee on the United States econ

omy but said that, in their opinion, these broader

economic impacts would be minor.

The study's finding that the widespread adoption

of energy-efficient technologies can be

achieved with low to no net cost to the nation is

heavily dependent on the assumptions made for
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four sectors of the United States economy

buildings, industry, transportation and electricity

production. Among the groups that GAO inter

viewed, they found a disparity of views on key
assumptions that may have influenced the

study's results. Several of the groups ques

tioned some of these assumptions as being too

optimistic, such as those about the payback pe

riod, rate of adoption of new technologies, or

timing of technological breakthroughs. For ex

ample, the study assumes that industry will

change the length of time expected for a capital

investment to recover its costs known as the

paypack period from about 3 years to nearly

7 years. However, most of the representatives

of the seven industries that used about

80 percent of the manufacturing energy con

sumed in the United States in 1994 indicated

this assumption may be too optimistic given

their current capital constraints, market condi

tions and existing manufacturing processes. On

the other hand, some groups believed that cer

tain assumptions in the study appear reason

able. For example, the Legislative Director of

the International District Energy Association said

that the study is not only reasonable, but may

underestimate the potential carbon savings that

industry might realize by 2010 from new tech

nologies, such as cogeneration power systems

that use waste heat to supplement an industry's

energy needs.

Background

The study by five DOE national laboratories was

prepared in response to a growing recognition

that any national effort to reduce the growth of

greenhouse gas emissions must consider ways

of increasing energy productivity.

Initially, the study's focus was on increasing en

ergy efficiency through technology and on the

carbon savings that may accrue from such

technologies. Subsequently, DOE laboratory
officials said that the study's objectives were

expanded about March 1997 to include not only

the potential for carbon savings from energy

efficiency, but also carbon savings from switch

ing fuel supply operations for electric power

generation, such as from coal to natural gas.

In calculating the carbon savings that could be

achieved from each of the four sectors of the

US economy, the study uses three different,

increasingly more aggressive scenarios: (1) an

efficiency scenario that assumes the US takes

an active role in public and private efforts to

promote energy efficiency through enhanced

research and development and market trans

formation activities; (2) a
high-efficiency/low-

carbon scenario that assumes a more aggres

sive national commitment to energy efficiency

coupled with a $25 per ton carbon fee and (3) a

high-efficiency/low-carbon scenario that, in ad

dition to the aggressive national commitment to

energy efficiency, assumes a $50 per ton car

bon fee. As shown in Table 1 ,
the study's esti

mate of carbon savings for the most aggressive

scenario is more than 200 percent greater than

its estimate for the first scenario.

Other Economic Effects

The study does not address the various broader

economic effects on the nation's economy. The

study employed a methodology that, in essence,

involved adding together the estimated net cost

or savings to the economy for the adoption and

use of each individual energy-efficient,
carbon-

reducing technology, with the savings based on

the direct cost of adopting these technologies

compared to the study's estimated energy sav

ings over the life of these technologies. How

ever, this methodology focuses on one aspect of

the economyenergy and does not consider

the broader impacts on other non-energy related

aspects of the US economy. Without consider

ing the interrelationships between the changes

that the five-lab study proposes such as im

posing a $50 per ton carbon fee and other

sectors of the economy, the full effects of these

changes are not known. For example, says

GAO, the study does not include any analysis of

the impacts of a $50 per ton carbon fee on en

ergy consumption or economic activities else

where in the US economy, including the impacts

of these fees on energy prices and energy de

mand, as well as potential employment impacts.

DOE laboratory officials recognized that the

study does not address these broader economic
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TABLE 1

POTENTIAL CARBON SAVINGS BY 2010

UNDER THE FIVE-LAB STUDY'S THREE SCENARIOS

(Metric Tons in Millions)

First Second Third Percent

Economic Sector Scenario Scenario Scenario
Increase*

Buildings 25 44 62 148

Industry 28 54 93 232

Transportation 73 88 103 41

Electricity Production
**

48 136
**

Total 126 234 394 213

Compares savings under the third scenario with those under the first scenario

**Unlike the second and third scenarios, the first scenario assumes no carbon

savings from fuel switching among utilities to reduce carbon in the production

of electricity, such as converting from coal-fired to natural gas-fired power plants

feedback effects. But in their opinion, these

impacts would be minor because only one sec

torelectricity generation relies primarily on

the increased price of carbon as an economic

stimulus to achieve significant carbon reduc

tions. Officials of DOE's Office of Energy Effi

ciency and Renewable Energy agreed that the

full costs to the nation's economy are not con

sidered in the study but emphasized that neither

are the full range of benefits from energy-

efficient technologies, such as the lower cost of

state compliance with Clean Air Act regulations

or the decreases in the costs for oil imports.

Capital Recovery Factors for the Industrial

Sector

A key assumption for the industrial sector in

volves the length of time expected for a capital

investment to recover its costs known as the

payback period. The study assumes that, for

investment planning purposes, industry can be

persuaded to change the length of time ex

pected for a capital investment to recover its

costs for energy-efficiency investments from

about 3 years to nearly 7 years. Under this sce

nario the study assumes industry would install

new energy-efficient technologies on twice as

many operations as they would normally.

GAO interviewed representatives of seven in

dustries that used about 80 percent of the

manufacturing energy consumed in the US

in 1994. These representatives indicated that

the capital recovery factor assumed for the in

dustrial sector did not realistically consider the

capital constraints, market conditions and ex

isting manufacturing processes these industries

operate under today. For example, the Chemi

cal Manufacturers Association noted that the

study's assumption that the industry could dou

ble the rate of capital stock turnover is

"impossible or at a minimum, highly improb
able."

Representatives of the American Petro

leum Institute explained that, in a business in

vestment, (1) there is nothing special about

energy-efficiency investments; (2) such invest

ments have to compete directly with other in

vestments for limited capital assets and (3) the
longer the payback period, the greater the risk
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and the uncertainty associated with an invest

ment. Most of the representatives of the seven

industries indicated that they would not be able

to accept more than a 4-year payback; several

said 3 years or less would remain their industry's

normal payback period. Generally, the repre

sentatives said that a 7-year payback is not re

alistic because of the higher risks and uncer

tainties associated with longer investments, the

competing demands within their firms for in

vestment capital, and their increasingly global

competition.

Timing of Technological Breakthroughs for

the Industrial and Transportation Sectors

Some interviewees questioned the study's as

sumptions about the feasibility of some tech

nologies being available by the 2010 timeframe,

noting that, in a few cases, the study's descrip
tion of these technologies as

"incremental"

is

incorrect because they still require fundamental

breakthroughs. For example, according to offi

cials of the Aluminum Association, the study's

assumption that the aluminum industry will be

able to use inert anode technology to cost-

effectively smelt aluminum by 2010 is overly

optimistic, with a more realistic timeframe for

implementing this breakthrough technology be

ing 2020.

Similarly, some groups were skeptical that the

breakthrough technologies envisioned for the

transportation sector will be forthcoming soon

enough to substantially reduce carbon emis

sions by 2010. According to representatives of

the American Automobile Manufacturers Asso

ciation, the technology relied on for much of the

carbon savings envisioned for light-duty vehi

cles is not expected to be available as quickly

as the study assumes, and even if the technolo

gies are demonstrated as viable, the benefits

will probably not be realized until after 2010.

For example, a substantial amount of the as

sumed reduction in light-duty
vehicles'

carbon

emissions is expected to come from lean-bum

engines that improve fuel economy but produce

excessive amounts of nitrogen oxide. These

engines still require significant technological

development before they can be used in the US

market. United States automotive manufactur

ers have been working on this type
of engine for

over 20 years,
andwhile it is technically feasi

bleit is still a question of technological
cost-

effectiveness today.

HEALTH EFFECTS INSTITUTE LAUNCHES

NEW PARTICULATE MATTER STUDIES

The Health Effects Institute (HEI) has selected

and is moving forward rapidly with studies to

address new exposure and health effects ques

tions about Particulate Matter (PM). These

studies are part of a broader HEI effort to pro

vide targeted research and reanalysis in time to

inform the next review of National Ambient Air

Quality Standards for PM in July 2002. These

standards are critical for all fossil-fuel-based

industries.

The research program consists of 18 studies

costing up to $10 million over 2 to 3 years:

Four studies to assess personal expo

sure to PM in the United States North

east, Texas and West Coast, and in two

European cities. These exposure studies

will help in understanding the relationship

between personal exposure to particulate

matter and ambient measures of PM.

A field validation study for a new method

that will quantify the acid component of

ultrafine PM.

Two epidemiologic studies that will in

vestigate the association between

PM levels and certain cardiac events in

Boston, Massachusetts, and in

Augsburg, Germany.

Three human controlled-exposure stud

ies to compare effect of exposure to ul

trafine carbon particles and to concen

trated ambient particles in New York

City, New York, and the Los Angeles,

California, area. Cardiovascular func

tion, lung function and inflammatory re-
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sponses will be measured in healthy and According to the HEI, these studies as a whole

asthmatic subjects. will help identify potentially sensitive subjects,

possible mechanisms by which particles cause

Eight experimental studies investigating effects and the particle characteristics that are

a number of possible health effects and more toxicologically relevant.

mechanisms of toxicity using animal

models representing various human dis- ####

eases and several types of particles.
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COMING EVENTS

1999

January 10-14, Lake Buena Vista, Florida
13th

International Symposium on Management and Use of

Coal Ash Products, phone 703 317 2400

January 20-21, Ostfildern, Germany Second International Colloquium on Fuels, phone 49 71 1340 08-0

January 21-22, Ft. Lauderdale, FloridaThreats to Coal: Consolidation, Clean Air, Climate Change,

Century 21 Technology, phone 202 662 9710

January 31-February 4, New York, New YorkIEEE Power Engineering Society 1999 Winter Meeting,

phone 514 847 2976

February 1-2, Calgary, Alberta, Canada1999 North American Crude Oil and Natural Gas Liquids

Conference, phone 403 220 2380

February 1-3, Houston, TexasEnergy Sources Technology Conference & "Exhibition, fax 281 493 3493

February 3-5, Houston, TexasCoke Outlook '99, phone 207 781 9800

February 4-5, Washington, D.C.National Fuel Cell Vehicle Conference, phone 281 752 3246

February 22-23, Las Vegas, NevadaThe Mining Industry, Mergers and Acquisitions Forum,

phone 212 647 0808

March 1-3, Nashville, Tennessee Gas Processors Association
78th

Annual Convention,

fax 918 493 3875

March 8-11, Clearwater, Florida
24th

International Conference on Coal Utilization and Fuel Systems,

phone 202 296 1133

March 20-23, Dallas, TexasHydrocarbon Economics and Evaluation Symposium, phone 972 715 4665

March 21-23, San Antonio, TexasNational Petroleum Refiners Association Annual Meeting,
phone 202 457 0480

March 23-24, Dallas Texas Powder River Basin Coal Use Seminar, phone 303 431 1456

April 6-8, Chicago, IllinoisAmerican Power Conference, phone 312 567 3196

April 11-15, Lahaina, Maui, Hawaii Renewable and Advanced Energy Systems for the
21st

Century,
phone 409 847 8950

April 28-30, Houston, Texas Offshore Natural Gas Conference, phone 713 952 9500

May 3-7, Tuscaloosa, Alabama International Coalbed Methane Symposium, fax 205 348 9276

May 19-21, Pittsburgh, Pennsylvania Conference on NOx Control, phone 412 892 4763

May 25-27, Ankara, TurkeyProspects for Cleaner Fossil Fuel Systems in Sustainable Development:

Communicating Their Strategic Value in the Euro-Asian Region, phone 202 331 0415
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June 1-3, Frankfurt, GermanyPower-Gen Europe, phone (31) 30 26509 63

June 13-16, Ypsilanti, MichiganAlternative Fuels Conference and "Exposition, phone 248 355 2910,

Ext. 152

June 21-24, Knoxville, Tennessee Seventh Clean Coal Technology Conference, phone 202 586 7920

July 5-8, St. Petersburg, RussiaHypothesis III, Hydrogen Power (Thermal and Electrochemical)

Systems International Symposium

September 7-9, SingaporePower-Gen Asia, fax 713 963 6280

2000

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

June 6-9, Nice, France
21st

World Gas Conference, fax 33 1 42 27 49 43

June, Calgary, Alberta, Canada
16th

World Petroleum Congress
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PROJECT ACTIVITIES

SPP/CPM AND SUNCOR TAKE

PRELIMINARY STEPS ON STUART STAGE 2

At an on-site ceremony in Gladstone, Australia,
in October, the joint-venture partners in the

Stuart Oil Shale Project, Southern Pacific

Petroleum N.L. and Central Pacific Minerals

N.L (SPP/CPM) and Suncor Energy Inc.,
announced they were to proceed with the first

steps involved in assessing Stage 2 of the

project.

SPP/CPM chairman I. McFariane said the

companies would prepare an Initial Advice

Statement and undertake an Impact

Assessment Study which would include a

comprehensive review of the social,

environmental and economic impacts of the

project.

McFariane, who was joined by Suncor Energy
chief executive officer, R. George, said while

proceeding with the Impact Assessment Study
Process showed their confidence in the Stuart

Project, they had not yet reached the point

where a decision to proceed could be made.

SPP/CPM and Suncor Energy are currently

constructing Stage 1 ($250 million) which is on

budget, on schedule at 85 percent complete,

and due for mechanical completion in the

second quarter of 1999 followed by
commissioning and testing with operational oil

production expected at the end of 1999 as

planned.

Stuart Stage 2 is a scaled up version of the

technology piloted in Stage 1 . It is expected to

produce 15,000 barrels of oil per day bringing
the combined production to about 20,000 barrels

per day by 2003. Should Stage 2 proceed, it

would cost more than $350 million.

SPP/CPM and Suncor Energy are co-owners of

the Stuart Oil Shale Project; Suncor Energy

(Management) Pty. Ltd. is responsible for

operating Stuart Stage 1, and SPP/CPM are

responsible for developing future stages of the

Stuart deposit.

The joint venture is going ahead with Stage 2

studies even before Stage 1 comes on stream

because the regulatory process can take 12 to

18 months.

CORPORATIONS

NEW PARAHO AGAIN FACING POSSIBLE

LIQUIDATION

Last year it was reported (The Sinor Synthetic

Fuels Report, January 1998, page 2-1) that New

Paraho Corporation faced potential liquidation at

the end of its fiscal year ending June 30, 1998.

The company managed to survive for another

year, but now faces the same problem again.

The activities of the company have been

devoted to developing, testing and test

marketing shale oil-derived asphalt paving

materials. There is no established market for

these materials, and they are not produced in

commercial quantities, although the company
has sold small quantities of these materials to

customers on an isolated basis. The company
has had no recent sales, and its current

activities are not sufficient to sustain the

company on an ongoing basis without either

substantial additional outside funding or the

financing and development of a commercial

plant.

To establish the commercial economics of

producing shale oil-derived asphalt, the

company initiated the Asphalt Feasibility
Program which included the construction and

evaluation of field test strips and a more

thorough evaluation of the economic viability of

producing and marketing commercial quantities

of shale oil-derived asphalt paving materials.

The company expended approximately
$373,000 in 1996, $81,000 in 1997, and $14,000
in 1998 on direct research and development of

2-1
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this shale oil-derived asphalt product. The

company does not have funding for additional

research and development or commercial

production efforts.

Since 1989 the company has been seeking

funding to construct and operate a commercial-

scale production facility with an initial capacity

of 275 barrels per stream day (bpsd) of shale oil

(Phase I) and subsequent expansion by an

additional 275 bpsd (Phase II). A preliminary

estimate for Phase I is $42.5 million. Total

estimated net costs for Phases I and II are

$54.2 million. Although the company

aggressively sought financial commitments for

the construction of a commercial retorting

facility from 1989 through June 1998, to date

they have not received any commitments from

any potential financial partner.

Most of the financing for the Asphalt Feasibility
Program has been provided by the Tell Ertl

Family Trust (the Trust) under a line of credit

that reached as much as $5.4 million. As of

June 30, 1998, the company owed the

Trust $865,596. It is unlikely that the company

will be able to repay this remaining

indebtedness to the Trust.

At present, management believes that the

company is the only producer of a shale oil-

derived asphalt material. The company

believes that shale oil produced by the Paraho

Process used in connection with the SOMAT

Process produces a higher quality and a higher

yield of asphalt modifier than shale oil produced

by other processes.

New Paraho leases 200 acres of private land

near Rifle, Colorado, for its pilot oil shale retort

facility. The lease expires in October 2002.

New Paraho has acquired rights to

approximately 10,432 acres of oil shale lands in

Uintah County, Utah. Of the total, New Paraho

owns an undivided 80 percent interest in

160 acres in fee. The remaining 10,272 acres

are controlled by New Paraho under State of

Utah Leases for oil shale or under agreements

with third parties.

The company has reduced operating expenses

by laying off all employees and discontinuing

operations related to the Asphalt Feasibility

Program. In order to maintain the facilities and

remaining assets of the company, minimum

operating expenses of approximately $100,000

annually must be met. The board of directors of

Ertl consented to provide funding to maintain

this minimum level of existence for the year

ending June 30, 1999.

The company does not believe it will have

sufficient revenues to pay operating costs at a

level needed to continue the Asphalt Feasibility
Program. Further, if the Trust does not agree to

extend the maturity date of its note beyond

July 1, 1999, the company may be required to

terminate operation and liquidate at that time.

RAMEX SYNFUELS CONTINUES IN SITU

SHALE GASIFICATION EFFORTS

According to its latest Form 10-Q filed for the

period ended July 31, 1998, Ramex Synfuels

International continues to assess the possibility

of further laboratory testing and research

concerning the Ramex Oil Shale Gasification

Process. The company's management

continued to pursue financing for the Ramex Oil

Shale Gasification Process and continues to

pursue other business opportunities as well.

Pursuant to a Contractual Agreement with

Southwest Research Institute (SwRI), Ramex

paid for the first-phase testing of the Ramex

Process. The first phase was intended to

establish the recommended scope of work

required to initiate a multiphase project which

may lead to a possible pilot-scale phased field

demonstration.

In a report dated August 25, 1995, SwRI

reported the following results concerning the

first-phase testing of the Ramex Process:

2-2
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Phase I Studies

Preliminary laboratory demonstration tests were
designed to: (1) investigate the gasification

process on a small scale using electric heaters

in oil shale samples approximately 0.25 cubic

foot in volume; and (2) sample internal

temperatures to determine the effective thermal

properties over the temperature range in which

the kerogen in the shale undergoes changes

from semisolid to liquid vapor or gas. The first

of these objectives required development and

refinement of appropriate test apparatus. The

second objective provided experimental data

needed to understand the shale gasification

process and the heat transfer properties of the

oil shale and to plan more thorough studies of

the high-temperature heat transfer process.

The laboratory demonstration tests led to the

conclusions and recommendations for future

work, listed below.

Phase I Conclusions

The experimental investigations of Phase I have

successfully demonstrated the basic shale

gasification process described in Ramex

Synfuels International Patent No. 4,928,765

dated May 29, 1990. The small scale of these

experiments did not permit the shale gas energy
production efficiency to be determined.

Heating the oil shale samples in a manner

representative of a full-scale field setup was

successful in producing liquid shale oil and in

liberating shale gas. Shale oil and gas

production was consistent with the kerogen

richness of the samples. In addition, the

experimental arrangement permitting cyclic

liquid-vapor reflux processing yielded a propor

tionately greater amount of shale gas. The

origin of the shale gas is considered to be

twofold; namely, liberation of methane and other

hydrocarbon gases originally trapped in the

semisolid kerogen and thermal cracking of the

kerogen vapors in the heated production and

gas delivery zone of the sample. The reflux

process observed in the laboratory experiments

appears to be adaptable as a full-scale field

system feature to utilize downhole waste heat to

enhance gas production. The residual shale oil

liquids and vapors potentially can be used as

fuel for the downhole heater in the full-scale

system. The net shale gas product is then

available for other external energy applications

or for pipeline transport.

The sequence of experiments in Phase I has led

to refined sample testing configurations and now

provides a database of heating power and shale

heat transfer information on which to base new

experimental tests using larger size shale

samples and increased heating power.

Results from the preliminary demonstration

tests indicate that the Ramex Process shows

promise. More advanced laboratory exper

iments are now recommended to study the net

energy recovery efficiency of the method and to

develop the necessary downhole heaters and

associated system components required to

begin pilot field evaluation tests.

Recommendations for Future Work

Larger-scale laboratory demonstration exper

iments using larger heating power are recom

mended to more accurately quantify the heat

energy required for gasification and to better

evaluate the gas production process. Sample

sizes having a volume in the range of 10 cubic

feet or larger are recommended.

Prototype downhole heater design and

development is necessary for testing shale

gasification on a pilot scale in the field. Based

on certain downhole operational and design

constraints emerging from the Phase I tests,
prototype gas-fired heater system designs are

recommended to be developed.

Numerical modeling of the oil shale gasification

process is an important aspect. Certain existing
and commercially available computer models

for heat transfer applications are recommended

to be adapted to the special needs of this

project, including the ability to handle kerogen
phase-change phenomena, the problem of heat
transfer in the porous rock matrix and the non-

conservative process of removing heated

hydrocarbon mass from the system.
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A follow-on phase of this project is recom

mended to be the construction and field

operational testing of the pilot-scale system.

Ramex is attempting to obtain financing for the

second, third and fourth phases which are

summarized in the following.

Phase II. Laboratory Studies and Analytical

Modeling of Shale Gasification

The experimental heat transfer testing
techniques used in Phase I will be refined and

applied to additional samples of oil shale and

boundary rock materials from several represen

tative field sites.

A mathematical model of the in situ heat

transfer characteristics of the gasification pro

cess will be formulated to predict the full-scale

performance of the technique in a layered oil

shale formation using the laboratory-derived

shale and boundary rock thermal parameters.

Phase III. Instrumented Field Experiment

An appropriate shallow oil shale test site will be

selected at which a controlled and instrumented

field evaluation experiment of the shale

gasification process can be performed.

"Experimental downhole heater equipment,

downhole temperature monitor probes, and a

surface gas recovery system will be designed

and constructed for use in this experiment.

Phase IV. Pilot-Scale Shale Gasification

Project

A pilot-scale field demonstration shale

gasification system will be constructed and

installed in a representative oil shale field for

the purpose of operational testing and

performance evaluation. The goals of this

phase ofwork are to produce shale gas, convert

it to commercially assessable energy, and

evaluate the operating performance and endur

ance/maintenance characteristics of the overall

installation.

The company is currently seeking funding from

private sources. The financing requested by

this plan is crucial to the ongoing development

of the process as well as the continued

existence of the corporation. Because there is

no certainty of the success of the negotiations

for funding and because the registrant has no

significant source of income at this time,

uncertainties exist with respect to the company's

ability to maintain future operations.

The company has a net operating loss carryover

of $4,889,139 to the year ended Jan

uary 31, 1999.

GOVERNMENT

PRIVATIZATION OF ESTONIAN OIL SHALE

INDUSTRY DRAWS CLOSER

According to a report in Power Economics, the

Estonian privatization agency, Eesti

Erastamisagentuuri (EEA) has announced

winning bidders for shares of the distribution and

network companies Narva Power Grid and

Laanemaa Power Grid.

Finland's Imatran Voima Oy is the leader of a

consortium, including Eesti Uhispank, which has

been selected to buy 100 percent of the

operations of AS Laanemaa Elektrivork. This is

one of the first Baltic distribution networks to be

privatized.

The EEA also chose a Cinergy Corporation-led

consortium to take a 49 percent stake in the

Narva Power Grid, which operates in industrial

Eastern Estonia, with the remaining equity held

by the government.

A proposed joint venture between Northern

States Power subsidiary, NRG Energy Inc., and

national generation and distribution company
Eesti Energia is still under negotiation for

ownership of Narva Power. NRG has been in

talks with the Estonian government for over a

year on the deal which would see NRG pay
$67 million for a 49 percent stake in the
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company. NRG would also invest $100 million

over the first 15 years ofthe project.

The plan is part of Estonia's efforts to privatize

its power sector. However, a government

commission has recommended that issues

surrounding the privatization of Eesti Energia

and Estonian Oil Shale (Eesti Polevkivi) should
be addressed before the business plan can be

adopted. The commission also recommended

restructuring of the Estonian energy sector,

saying that it would not be effective to

implement the NRG plan before such basic

issues had been resolved.

TECHNOLOGY

MOLECULAR MOTION OF

POLYMETHYLENE DETECTED IN KEROGEN

FROM STUART OIL SHALE

Kerogen composition determines oil yield in

natural and man-made processes of petroleum

formation, yet our knowledge of kerogen

chemical structure is limited. Studies carried

out by Australia's Commonwealth Scientific and

Industrial Research Organization have shed

new light on the structure of the kerogen in the

Stuart deposit. A paper by G. Lee et al.,

published in Energy & Fuels (1998, 12, 262-267)
states that one recent major advance has been

the appreciation that insoluble aliphatic

macromolecular components of many algae are

the building blocks of kerogen, for example,

Botrycoccocenes brauni. Both branched-chain

and linear alkadienes have been identified in

residues depending on race and may be found

in polymerized and monomer forms.

The insoluble macromolecular components of

algae are preferentially preserved rather than

degraded during the kerogen-forming process.

The preserved material may be modified by
cross-linking, by the effects of thermal

maturation, or through deposition of organic

material of terrestrial, lacustrine or deltaic origin.

Little is known of the cross-linking in these

algally derived macromolecules, even before

thermal maturation. However, it has been

demonstrated that, after stepwise oxidation of

kerogens, the distribution of normal
mono-

carboxylic and dicarboxylic acids indicates that

the number of cross-linked polymethylene

bridges are in the range C10 to C12 for some

highly aliphatic kerogens. This is consistent

with cross-linking of alkadienes with double

bonds every 10 to 12 carbons to form tertiary

carbons. As noted above, alkadienes of this

type are found in colonies of Botryococcus

brauni, and it is plausible that many algae could

form such structures. It seems probable that

sulfur or alcoholic groups may also be involved

in cross-linking, particularly as kerogens mature.

Kerogens bonding with the inorganic matrix is

possible. Clays are often suggested as likely

candidates; however, it is not clear how they

may bond. There is also the possibility that the

kerogen is physically trapped between

aluminosilicate plates. It is clear that kerogens

are still insoluble once the clay matrix is

removed so that there is little direct evidence for

clay-kerogen interactions. There are few com

parative studies of both oil shale and kerogen,

prepared by demineralization, possibly because

the limited studies show little difference between

oil shale and kerogen spectra. During a study of

the process by which oil is formed during rotary

kiln pyrolysis of oil shale from the Stuart deposit

in Queensland, Australia, the researchers

noticed differences in 13C-NMR spectra between
kerogen and oil shale that identify clear

structural changes during isolation.

Kerogen from the Stuart deposit is unusual

because there is clear evidence of a resolved

polymethylene peak in the NMR spectrum rather

than the broad resonance at about the same

chemical shift normally obtained for highly
aliphatic kerogens with aromaticities less than

0.25. X-ray diffraction data also indicate some

ordered material in the kerogen. This poly
methylene peak is not present in the NMR

spectrum of the original oil shale and is absent

in spectra of both oil shales and kerogens of

similar deposits (e.g., Condor, Queensland,

2-5

THE SYNTHETIC FUELS REPORT. JANUARY 1999



OIL SHALE

Australia). The mineral-matter components of

Stuart oil shale do not differ significantly from oil

shales with conventional kerogen NMR spectra.

It may be that precursor biopolymers in Stuart

kerogen are not as cross-linked as other

aliphatic kerogens such as Condor. Lee et al.

conclude this could be due to a higher

concentration of Pediastrum species in the

kerogen-forming biomass.

CAN SHALE OIL BE DENITROGENATED BY

REMOVING PYRROLES?

The conversion of shale oil into high-quality
gasoline and other useful products involves

many technical problems. One of these

problems lies in the elimination of nitrogen from

shale oils, which contain more nitrogen (0.72 to

2.2 weight percent in crude shale oil) than most

petroleums (0.001 to 0.936 weight percent).

Pyrrolic compounds are the predominant nitro

gen compounds found in shale oil.

R. Hsu-Chou et al. of the University of Southern

California, discussed the denitrogenation of

shale oil by oxime formation from pyrroles in

Energy Sources, 20:857-866, 1998.

For this investigation N-enriched fractions of

shale oil were allowed to react with hydroxyl-

amine hydrochloride in basic aqueous solution

to form the oximes from pyrroles. Removal of

the oximes was then accomplished by filtration

as solid precipitates.

The fractionation of the N-rich component was

completed by FeCI3-clay chromotography. The

polar fractions obtained were 7-fold higher in

nitrogen content than the non-polar fractions.

The proposed denitrogenation scheme is shown

in Figure 1. According to this technology the

non-polar fraction (80 percent) has a C/N atom

ratio of 137, compared to the polar fraction

(20 percent), which has a C/N ratio equal to 19.0

(the original shale oil contains a C/N value of

58). However, both the denitrogenated shale oil

(the non-polar fraction) and the nitrogen-

enriched oil (the polar fraction) still need to

remove the intrinsic base nitrogen compounds

by oxime formation and subsequent removal.

Results and Discussion

The results of the model pyrrole studies listed in

Table 1 can be summarized here. Pyrrole-2-

carboxylic acid and N-methylpyrrole-2-car-

boxylic acid did not react with hydroxylamine

because of decreasing nitrogen basicity by the

electron withdrawing group, the carboxylic acid.

Indole and carbazole, with one or two benzene

rings, respectively, share a long pair of

electrons of nitrogen. Thus, the nucleus basicity
was also decreasing and was not easily

activated. Furthermore, indole and carbazole

had no ring opening reaction.

FIGURE 1

APROPOSED SCHEME FORTHEAPPLICATION OF OXIME FORMATION
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TABLE 1

REACTION PERCENTAGE AND MELTING POINT OF PRODUCTS

Starting Materials

Pyrrole

N-methylpyrrole

2,5 Dimethylpyrrole

Pyrrole-2-carboxaldehyde

N-methylpyrrole carboxaldehyde

Pyrrole-2-carboxylic acid

N-methylpyrrole-2-cart)Oxylic acid

Indole

Carbazole

"Crude oxime product of indole and carbazole was used

"Yield in grams

Product Oxime

Succindialdoxime

SuccinrJaldoxime

Acetonyl acetone dioxime

Pyrrole-2-aldoxime

N-methyl pyrrole-2-aldoxime

G.C. Max Product M.P. of

Reaction Yield Product

99.99 41.91 169-170

99.98 59.10 169-171

99.99 21.79 137-138

99.89 14.10 150-152

99.95 90.97 150-151

0

0

29.06
0.1884** 50-52*

0 240 -

243*

Most crude oximes, model pyrroles and indoles

yield solids in the presence of water, with the

exception of pyrrole-2-carboxylic acid and

N-methylpyrrole-2-carboxylic acid. These may
be present in shale oil as esters or salts. In this

study, a fluffy solid resulted upon centrifugation.

Potential industrial applications of the ring
opening reaction in pyrroles have been found

with the product succindialdoxime. For exam

ple, starting with succindialdoxime, the synthe

sis of tropinone derivatives can occur through

various reaction pathways. The products from

oil shale are found to be useful as raw material

or intermediates in medicine and other related

industries.

INTERNATIONAL

HIGH-SULFUR OIL SHALE OF RUSSIA

COULD BE ECONOMICAL SOURCE OF

NON-FUEL PRODUCTS

According to information provided by
Professor V. Kashirsky of Saratov Technical

University in Russia, geological surveys have

revealed dozens of deposits of oil shale in the

Russian Federation.

The biggest and most attractive deposits for

Russian economics are those of the Volga-

Pechora shale-bearing basin, which extends

from the Saratov Region to the Komi

Autonomous Republic in Northern Russia.
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The formation of the oil shale province in the

above mentioned basin occurred through the

accumulation and subsequent transformation of

organic deposits and mineral components in

vast, relatively shallow reservoirs.

The source of the organic matter (kerogen) was

zooplankton along with photosynthesis phyto-

plankton, consisting mainly of protozoan algae.

The mineral base is composed of calcite residua

of the microfauna, and other mineral com

ponents of phyto- and zooplankton. Mineral

components brought from other areas by water

and air also participated in the formation of the

inorganic matrix of the shale. Thus, the mineral

base of the Volga Basin shales is an

argillaceous lime mixture.

For industrial use, shales containing not less

than 25 percent organic matter are considered

fit. Elemental composition of organic matter in

oil shale from several Russian deposits is shown

in Table 1 . These shales are characterized by a

high content of organic sulfur. In the mineral

fraction, FeS2 and low amounts of calcium and

magnesium sulfides are seen. In the organic

fraction sulfur participates in complex structure

fragments, containing alkyi substituted thio

phene rings and benzothiophene-cycloalkyl-

thiophene structures.

The high sulfur content of the Volga Basin

shales influences the method of their industrial

exploitation.

In its natural condition, finely divided shale

containing 35 to 40 percent organic matter, is

successfully used as an extender in the produc

tion of ebonite and plastic.

Currently a moderate quantity of the Kashpir

deposit oil shales is processed in generators

with shevelshaht at the Sysran plant (the

Samara Region, Russia) for the purpose of tar

recovery. The tar is separated into fractions,
which are used then for fabrication of
"ichthyolum," "albichtholum"

and
"thiokreolinum"

(preparations for medicinal and veterinary
uses).

In addition, shale gasification in oxygen-blown

generators at 20 MPa pressure has been

studied. Also, semicoking tests have been

carried out with solid heat carrier at the Energy
Institution (ENIN Ltd., Moscow).

In the generators with shevelshaht, shales with a

particle size of 25 to 80 millimeters are

processed. In the Lurgi generators, fines of 3 to

10 millimeters were processed. At the pilot test

unit with solid heat carrier, a particle mixture of

0 to 10 millimeters in diameter was subjected to

semicoking. In all cases the target product was

tar. The characteristics of tar, obtained from

these methods of shale processing are given in

Table 2.

Tar yield from thermal processing of Volga

Basin high-sulfur shale is less than that from

analogous processing of oil shales of the Baltic

deposits and did not exceed 40 percent of the

organic content of the shale.

The tar obtained by thermal processing of Volga

Basin shale in devices of various types is

characterized by marked similarity of composi

tion and properties. The tar is notable for a high

content of heteroatoms (S, N, O) and especially

sulfur.

The use of high-sulfur tar as a liquid fuel is

impractical. Refinement of such tar into

environmentally acceptable liquid fuel by the

means of catalytic hydrogenation is too expen

sive for the resulting fuel to be competitive with

liquid fuel of petroleum origin. In Kashirsky's

opinion the processing of Volga Basin oil shales

with the intent of making synthetic liquid fuels is

unlikely in the near term.

At the same time however, high-sulfur shale tar
could be processed into salable non-fuel

products.

In Table 3 the results of fractionating semicoked
tar from high-sulfur shale and the yield and

composition of the obtained fractions are

presented.
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TABLE 1

COMPOSITION OF OIL SHALE ORGANIC MATTER

Kerogen Composition (drv basis). %

DeDOSit C H S N O

Savelievsk 62.8 7.9 9.7 0.5 19.6

Kashpir 63.1 7.1 6.0 2.1 21.1

Perelyub 68.1 9.2 11.0 2.5 10.3

Kotsebinsk 65.0 8.2 8.4 1.7 15.2

Tshagan 67.0 8.0 7.7 1.7 12.4

TABLE 2

COMPOSITION OF VOLGA BASIN TARS

TvDe of Shale Processina Device

Pilot Test Unit Generator at

iGeneratorwith Lurgi with Solid Shale

Shevelshaht Generator Heat Carrier Institution

Density,
kg/m3

1,040 1,008 1,014 1,049

Elemental Composition, %

C 78.67 79.2 76.52 78.04

H 8.41 9.53 8.34 8.12

S 6.71 7.08 8.39 7.85

N 0.94 1.03 0.47 0.73

O 5.27 5.12 6.35 5.26

Asphaltenes Content, % 4.43 6.76 6.19 5.61

Phenols Content, % 3.47 2.97 4.54 4.17

The distribution of sulfurous compounds in

fractions of tar obtained by semicoking with

solid heat carrier is not homogeneous. The

highest tar content is found in the fractions

boiling up to 170C. The yield of these fractions

is 1 1 .2 percent of the processed tar mass.

Investigation of the low-boiling fractions by
chromatography has shown that the sulfurous

units in these fractions are represented by
thiophene and methyl-thiophene, the total

amount of which varies from 17.4 to

21 .2 percent.
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TABLE 3

YIELD AND PROPERTIES OF SEMICOKED SHALE TAR FRACTIONS

Boiling Percent

Yield

Elemental ComDOSition. % Specific

Ranoe. C C H S O+N Gravity

63-90 2.2 73.76 10.82 8.46 6.96 0.8864

91-120 0.5 72.54 10.06 10.42 6.98 -

121-150 3.1 75.62 11.24 7.52 5.62 0.9097

151-170 5.4 73.67 8.34 8.43 9.55 0.9107

171-215 10.0 76.81 11.12 5.61 6.37 0.9243

Residue 76.7 79.64 10.51 5.12 4.83 1.0688

The formation of sulfurous heterocyclic

compounds in shale tar occurs as a result of

thermal destruction of sulfur-containing frag
ments of organic matter in the kerogen.

Thiophene and methyl-thiophene may be

extracted from tar fractions with a boiling
temperature of less than 170C via extractive

rectification and can be used in the organic

synthesis industry.

High-boiling fractions of shale tar, containing

more than 5 percent sulfur, may be processed

into oils used for protection of metals from

corrosion; and into building and hydro-isolating
materials and bitumen.

In Russian Patent Numbers 1122682 and

1645286 variants of new devices for thermal

processing of sulfurous shales are depicted. In

these devices a combination of semicoking

processes for fine shale with pyrolysis on a solid

heat carrier is used. Ash residue, obtained by

rebuming shale semicoke in a cyclone burner at

1 ,000C, is used as a heat carrier.

Pilot tests have shown that pyrolysis of steam-

gaseous products at temperatures over 750C

leads to a decrease of heavy tar yield and an

increase of the yield of shale benzine, consisting

of monocyclic aromatic hydrocarbons and

heterocyclic sulfurous compounds.

A plant designed for operation at one of the oil

shale deposits of the Volga Region would

process 1 million tons of shale per year with the

aim of recovering road-building bitumen, sul

furous heterocyclic compounds, aromatic

hydrocarbons and sulfur. At the plant the shale

would be semicoked in a reactor with a solid

heat carrier. The resulting tar would be divided

into fractions. Light oil would be subjected to

pyrolysis with the purpose of obtaining aromatic

hydrocarbons and heterocyclic sulfurous com

pounds. Heavy residue would be processed into

bitumen. Gas from semicoking would be de

sulfurized and used for plant fuel. Mineral

residue from shale processing can be used for

building materials fabrication. Wasteless pro

cessing of high-sulfur oil shale of Russia, giving
valuable products, will determine the com

mercial attraction of such a product, says

Kashirsky.
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ENVIRONMENT
Shale Oil Production and Greenhouse Gases

STUART PROJECT ADDRESSES GLOBAL

CLIMATE CHANGE

According to the co-owners of the Stuart Oil

Shale Project, Australia's commitment to

address potential global climate change, under

the international agreement reached at Kyoto,

Japan, is a significant economic and

environmental responsibility that affects all

Australians. Suncor Energy (Suncor) and

Southern Pacific Petroleum/Central Pacific

Minerals (SPP/CPM), acknowledged this

responsibility in a November 1998 release. As

co-owners of the Stuart Oil Shale Project, they
state that they are committed to sustainable

development that provides economic and social

benefits while addressing environmental needs

and expectations. This includes taking
responsible action to address the issue of

climate change.

Climate Change and Australia

Australia contributes about 1 .5 percent of the

world's man-made greenhouse gas emissions.

Many of these emissions result from the use of

energy for travel and transport a significant

factor in a large country like Australia. Australia

also has substantial greenhouse gas emissions

from the production of energy-intensive

commodities and from agriculture and land

clearing.

Many of the energy intensive industrial

products, like liquefied natural gas or aluminum,

may be viewed as saving greenhouse gas

emissions in other countries. However, the

greenhouse gas emissions incurred in producing

these products occur in Australia and so are

included in the country's total emissions. No

matter where they are emitted in the world,

greenhouse gases have the same effect on the

global atmosphere. Likewise, in temns of the

effect upon atmospheric greenhouse gas

concentrations, it does not matter where

greenhouse gas emissions are reduced or

stored.

In the production and use of all oil, greenhouse

gases, mostly carbon dioxide, are emitted.

Today Australia imports oil from other countries.

In the production and transporting of this oil,

large quantities of greenhouse gases are

emitted. In Stage 1 of the Stuart Project, C02

emissions will be less than 0.1 percent of total

Australian emissions. By 2007 when the Stuart

Project is expected to reach commercial

production (Stage 3), the goal is to produce oil

with net greenhouse gas emissions comparable

to or less than emissions from the production of

conventional oil products. At that point, C02

emissions from the Stuart Project would amount

to approximately 0.27 percent of total current

Australian C02 emissions. This will result in

significant social and economic benefits for

Australia without increasing global greenhouse

gas emissions. To a large extent, the project

owners plan to accomplish this goal through the

use of advanced technology. To complement

these efforts, they will also pursue offset

opportunities outside the gates of their

operations. It is through the combination of

these two approaches that they believe the goal

can be achieved.

The Kyoto protocol set a target of reaching

emissions reductions goals by 2008-2012. Over

the next decade the Stuart Project is positioned

to reach that target by developing new

technologies while building a new energy

industry.

As leaders in a new Australian energy industry,
Suncor and SPP/CPM state that they are

committed to leadership in six areas to address

the risk of global climate change:

Reducing Greenhouse Gas Emissions and

Their Impact

During Stages 1 and 2 of the Stuart Project, the
companies will test and develop emissions

reduction technologies. These technologies and

other improvements, such as heat recovery and

re-use, will be incorporated into the commercial

plant (Stage 3).
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Developing Domestic and International

Offset Projects

The project is committed to investing money to

reduce the net release of greenhouse gases to

the atmosphere. But the companies want to

optimize the economic as well as the en

vironmental benefits. Offsets greenhouse gas

reduction actions taken outside the plant gates

domestically and internationallyallow this

possibility.

In Australia there are opportunities for forest

restoration that captures and stores atmospheric

C02. SPP/CPM and Suncor will participate in

several trial re-afforestation projects involving a
total investment in excess of $3.5 million over

4 years. Initially, the projects will involve the

planting of more than 180,000 native eucalypt

trees on 150 hectares of cleared, marginal

plantation land in central Queensland. If

successful, this trial project could lead to a

major plantation initiative which would help to

offset the emissions of C02 associated with

Stuart operations. In addition to its potential

climate change benefits, this project is expected

to reduce sediment and nutrient run-off into the

local creeks and waterways and ultimately into

the Great Barrier Reef region.

Developing Alternative and Renewable

Sources of Energy

While Suncor and SPP/CPM are taking action

now to develop fossil fuel sources such as the

Stuart deposit, they state that they are

committed to pursuing opportunities for

alternative and renewable energy over the long
term. Although they are in only Stage 1 of the

Stuart Project, they are already investigating
opportunities to develop economically and

environmentally successful renewable forms of

energy. As the project advances, they will

invest project revenues to further minimize the

environmental impacts of oil shale development

and to support tomorrow's alternative and

renewable energy industries.

Supporting Research and Development

The companies will conduct research and

development to reduce their own emissions and

to advance renewable energy and greenhouse

gas offset opportunities. In addition, they will

support longer-term research and development,

with potential application outside the industry.

Measuring and Reporting on Progress

To ensure that the
companies'

actions provide a

true net benefit to the global atmosphere, the

greenhouse gas reductions will be measured

using certified accounting procedures and

audited by independent third parties. A public

document describing performance will be sub

mitted annually and will be widely distributed to

all interested parties.

Providing Public Policy Input in Support of

Sustainable Solutions

As Australia continues to wrestle with the issue

of climate change, Suncor and SPP/CPM say

they intend to be part of the solution through

action to reduce greenhouse gases and by

contributing to public dialogue. They will con

tinue to guide sustainable development of the

Stuart deposit through a comprehensive public

consultation process. This will include an edu

cation program to increase public awareness

and understanding of the environmental impacts

of climate change.

The Stuart Project

Currently, Suncor and SPP/CPM are building a
$250 million demonstration plant to test a new

technology for the production of shale oil.

Scheduled for operation in late 1999, the plant

will produce 4,500 barrels of oil daily. Depen

ding on the success of the demonstration plant

(Stage 1 of the project) and the scaling up to a

commercial-sized module (Stage 2), the project

could be expanded to a fully commercial scale

by 2007 (Stage 3), producing approximately
85,000 barrels of oil per day.
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Oil from the commercial phase of the project is

expected to displace half of the oil imported by
Australia. The Stuart shale produces a lighter,
lower sulfur oil than typical imported crude oils

and will provide Australian refiners with an ideal

feedstock for the production of high-quality
transportation fuels. Because production from
the Stuart Project will displace imported oil,

shipping traffic through the Great Barrier Reef
will be reduced.

By the time the Stuart Project reaches

commercial operations (Stage 3 expected

in 2007), the
companies'

goal is to reduce

greenhouse gas emissions by approximately

80 percent from the Stage 1 demonstration

plant levels. About half of this reduction will be

accomplished by the application of proven

technology and operating efficiencies. The

remaining reductions will be achieved through

the use of new technologies in the plant

combined with offset initiatives outside the

gates ofthe operations.
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STATUS OF OIL SHALE PROJECTS

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since January 1998)

ALBERTATACIUK PROCESSORTECHNOLOGY - Alberta Department ofEnergy and TheUMAGrouo Ltd. (S-20)

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

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

produce oil from natural resource oil sands and oil shales.

The technology is owned bv the Alberta Department ofEnergy (DOE1) Research Division, which funded the development since 1977. investing

approximately $23 million. UMATAC is the developer and supplier, and also the licensee for use ofthe ATP System.

The ATP is applied commercially as a new technology to produce oil from oil shale in Queensland. Australia. A 4.500-barrel per dav production

capacity plant is to be commissioned 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 approxin*'Y **SfWC The size ofthe

cylindrical unit is 8meters in diameterbv 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 3S0 tons per day semi-works plant during 198S. 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 whh

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

Chevron and Conoco have participatedwith Lawrence Livennore National 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

projectwas 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. Chevron and two other shale oil companies are currently defending their respective water rights in court against claims bv the

Northern Colorado Water Conservancy District that those rights should be canceled. The loss of those rights could significantly impact ifnot

preclude. Chevron's ability to produce shale oil in the future.

ProjectCost Semi-Works - Estimated at $130 million

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

Southern Pacific PetroleumN.L and Central Pacific Minerals NX. (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

depositwouldbe 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 28month 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 26.7million barrels per year ofsweet shale oil gave the best economic

conclusions. The study indicated that such a plantwould have involved a capital cost ofUS$2,300million and an annual average operating cost

ofUS$265 million at foil production, before tax and royalty. (All figures are based onmid-1983 dollars.) Such a projectwas estimated to require
12 years to design and complete constructionwith first product oil in year 6, and progressive build-up to foil production in three further stages at
two-year intervals.

The exploration drilling program determined that the Condormain oil shale seam contains at least 8,100million barrels ofoil in situ, measured at

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

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot plant trials

enabled detailed engineering schemes to be developed for each process. Pilot plant testing ofCondor oil shale indicated promising results from the
"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.
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STATUSOFOIL SHALEPROJECTS (Underline denotes changes since January 1998)

COMMERCIALANDR&D PROJECTS (Continued)

Raw shale oil from the retort would require further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels per day

upgrading plants are incorporated into the project design.

All aspects of infrastructure supporting such a project were studied, 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 she to

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

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

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

represents corporation taxes and royalty.

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

separate consortium of thirty-six Japanese companies established whh 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

In 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 $23 billion (mid-1983 U.S. dollars)

ESPERANCE OIL SHALE PROJECT - EsperanceMinerals NL andGreenvaleMiningNL (S-70)

In 1991 Esperance Minerals and GreenvaleMining 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 perbarrel.

The Alpha field contains about 90 million barrels of reserves, but the shale in this deposit has a high yield of 88 to 132 gallons ofoil per ton of

shale.

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

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

proposed using 200,000 tonnes ofthe Alpha 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 Development License.

ESTONIA POWERPLANTS - Estonian Republic (S-80)

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

operation in the Estonia. Thesewere the first oftheirkind to be put into operation.

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 undergroundworkings. Each ofthe nine undergroundmines outputs 3,000 to 17,000 tons

per day, eachofthe surface mines outputs 8,000 to 14,000 tons per day.

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

the USSR reached 37million tons ofwhich 36 million tons come from the Baltic region. Recovered energy from oil shale was equivalent to the

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

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

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

recovered energy from this oil shalewas the energy equivalent of25 million barrels ofoil In 1994, annual production ofoil shale in Estoniawas

about 14million tons.

Most extracted oil shale (85 percent) is used for power production rather than oil recovery. More than 60 percent ofEstonia's thermal energy
dffmand ismet by the use ofoil shale. Fuel gas productionwas terminated in 1987.

Pulverized oil shale ash is being used in the cement industry and for acid soil melioration.
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STATUS OFOIL SHALEPROJECTS (Underline denotes changes since January 1998)

COMMERCIALAND R&D PROJECTS (Continued)

During 1997 NRG Energy, ownedbyNorthern States Power Company, continued negotiations to purchase the powerplants from the government

ofEstonia.

FUSHUN BUREAU OFMINES OIL SHALE RETORTING PLANT - Fushun Bureau ofMines, Fushun, China (S-90)

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

day. Sixty thousand tons ofshale oil are 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 ofoil shale open-pitmined by Fushun Bureau ofMines. A large part ofthe shale oil is sold as heavy liquid

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

In 1998. 20 Fushun-type retorts were built The shale oil production capacity reached 90.000 tons per year, however actual production ofshale

oil amounted to about 35.000 tons in 1998.

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 shalemustbe stripped in order to reach the coal, it is economical to

retort the shale even though h is oflow grade. FischerAssayyield is about 5.5 percent oil, on average.

In recent years, only40 retortswere operating, each retort processing 200 tons ofoil shale per day. Other retorts have been shut down because of

she problems not related to the operation ofthe retorts. Shale oil productionwas on the order of 100,000 tons per year.

Direct combustion ofoil shale fines in an ebullated bed boiler has been tested at FushunRefineryNo. 2.

Shale oil was used only as a boiler fuel, but a new scheme for upgrading Fushun shale oil has been studied. In the proposed scheme, shale oil is

first treatedby exhaustive delayed coking tomake light fractionswhich are then treated successivelywhh dilute alkali and sulfuric acid to recover

the acidic and basic non-hydrocarbon components as fine chemicals. The remaining hydrocarbons, containing about 0.4 percent N can then be

readily hydrotreated to obtain naphtha, jet fuel and light diesel fuel. This scheme is said to be profitable and can be conveniently coupled into an

existingpetroleum refinery.

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

JORDAN OIL SHALE PROJECT - Natural Resources Authority ofJordan (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 whh Romania was initiated to investigate the development of a direct-combustion oil-shale-fired powerplant

Jordan has also investigatedjointlywhh China the applicability ofa Fushun-type plant to process 200 tons per day ofoil shale. A test shipment of
1,200 tons ofJordanian shale was sent to China for retort testing. Itwas successfully processed in the Fushun retort whh an oil yield of84 percent

ofFischer Assay.

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
testswere performed in Lurgi's LR pilot plant in Frankfort, 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 of 10 percent Themean value ofthe petroleum products exEl Lajjun complex was

calculated to be $21.40 per barrel. At that time a world oil price of $15.60 per barrel was needed to meet an internal rate of return on total

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 whh American and Australian multinational corporations to develop a direct

combustion project

JWBAKEROGENOILVALUE ENHANCEMENT VENTURE - J.W. Bunger & Associates, Inc. (JWBA) (S-l 15)

Kerogen oil is the liquid produced from oil shale used as a feedstock for specialty chemicals rather than upgrading and refining into fuels.
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Kerogen oil produced from Western U.S. Green River Formation contains high concentrations of potentially valuable products-particularly

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

10 percent of the raw kerogen oil 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 per barrel. A 25 percent IRR is projected on a $53 million investment

A business plan has been developed and a consortium of interested parties is being assembled. This consortium includes manufacturers, 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 million planning study will

continue throughmid-1996 and will include technical and market assurances ofthe conceptual plant The $10 million 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.

KrvTTER PROCESS - Estonian Republic (S-120)

The majority of oil shale (kukersite) found in Estonia is used for power generation However, 23 to 2.6million tons have been retorted to

produce shale oil and gas. The Kivher process, continuous operating vertical 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 of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 KJ/cubic meters) is 450 to 500 cubic

meters per ton 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, whh 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 of the

retort The use of two parallel chambers provides a larger retorting zone without increasing the thickness of the bed. Additional heating or

gasification occurs in themid-part ofthe retort by introducing hot gases or an oxidizing agent through side combustion chambers equippedwhh
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 hs height is 21 meters. The operation of the

1,000 ton per day generator revealed a problem ofcarry-over offinely divided solid particles whh oil vapors (about 8 to 10 kilograms per ton of

shale).

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 at Kohtla-Jarve. Alongside these units, a new battery of four 1,500 TPD retorts, whh a new circular chamber design, is

under construction. Oil yield of85 percent ofFischer Assay is expected. The construction ofan installation comprising four 1,500 ton per day
prototype generators whh a circular semicoking chamber started at Kohtla-Jarve in 1988. At present however, the construction has been

suspended due to investmentproblems.

Oil from kukersite has a high content ofoxygen compounds, mostly resorcinol series phenols. Over 50 shale oil products (predominantly non-

foel) are currently produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced as

byproduct in the gas generators has a hydrogen sulfide content of8 to 10 grams per cubic meter. After desulfurization, it is utilized as a local fuel

for the production ofthermal and electric power.

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

Project Cost Not disclosed

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

Construction ofthe Maoming processing center began in 1955. Oil shale is mined by open ph means whh power-driven shovels, and electric

locomotives and dump-cars. Currentmining rates are 3.5 million tons ofoil shale per year. Approximately one-half is suitable for retort feed.

The FischerAssayofthe oil shale averages 6.5 percent oil yield.

Two types ofretort were used: a cylindrical retort whh a gasification section, and a rectangular gas combustion retort Oil shale throughput is

150 and 185 tons per day per retort, respectively. The present facility consists oftwo batteries containinga total of48 rectangular gas combustion
retorts and two batterieswith a total of64 cylindrical retorts.
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Production atMaominghas been approximately 100,000 tons ofshale oil per year. Although the crude shale oil was formerly
refined, itwas later

sold directly as fuel oil. The shale ashwas also used inmaking cement and buildingblocks.

TheMaoming shale oil plant has been shut down since 1994 due to the increased cost ofopen pitmining ofoil
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 FinlandAhlstrom Co. in 1995, butwere not put into operation.

From 1995 to 1998.Maoming Corporation, in cooperationwhh PetroleumUniversitv ofChina, conducted field and laboratory tests ofcultivating

plants, fruits, vegetables and trees on shale ash piles to investigate the toxicity ofthe plants.

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

Mobil has indefinitely deferred developmentplans for its shale property located on 12,000 acres fivemiles
north ofParachute. TheUnhed States

Bureau ofLandManagement completed the Environmental Impact Statement for the project in 1986.

MOROCCOOIL SHALE PROJECT - ONAREP (S-150)

During 1975 a drilling andmining survey revealed 13 oil shale deposits in Morocco, including three major deposits at Timahdh, 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 oftheTarfaya 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 Timahdh was completed whh 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 preliminary 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 aswell 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 <fExplohation Petrolieres (ONAREP) ofMorocco.

The design ofa demonstration plant which will have an initial output of 280 barrels per day, rising to 7,800 barrels per day when foil scale

commercial production begins, has been deferred.

The viability ofa 50,000 barrel per day plant thatwould process 60million 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 with 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 shalewill be used for this study.

ProjectCost $2.5 billion (estimated)

NEWPARAHO ASPHALT FROM SHALE OIL PROJECT-New Paraho Corporation (S-155)

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

commercial process formaking shale-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 potential market for shale oil modified asphalts,NPCO has created an initial planwhich is to result in (1) provenmarket

performance ofshale oil modified asphalt under actual climatic and road use conditions and (2) completion of a comprehensive commercial

feasibility study and business plan as the basis for securing subsequent financing for a Colorado-based commercial production facility.

The cost ofcarrying out the initial market development phase ofthe commercial development plan was approximately $2.5 million, 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 ofseveral test strips of shale oil-modified asphalt pavement Mining of3,900 tons of shale for

these strips occurred in September 1987. The shale oil was produced in Paraho's pilot plant facilities, located near Rifle, Colorado in August

1988. The retortwas operated at mass velocities of418 to 538 pounds per hour per square foot on 23 to 35 gallon per ton shale and achieved an
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average oil yield of96.5 percent ofFischer Assay. In 1988, New Paraho installed a vacuum still at the pilot plant she to produce shale oil

asphalt from crude shale oil

Eight test strips were constructed in Colorado,Utah andWyoming. The test strips are being evaluated over a period offive years, during which

time Parahowill complete she selection, engineering and cost estimates, and financing plans for a commercial production facility. Test strips were

also completed on 1-20 east ofPecos, Texas, in Michigan for a test section of 1-75 near Flint and US-59, northeast ofHouston, Texas, and
US-

287 in Jackson Hole, Wyoming. The last test strip was put down in mid-1996. The test strip results have been encouraging and SOMAT is

proving to be a superior road paving material, whh distinct life-cycle cost advantages. The oil shale asphalt as a 10 percent additive to

conventional asphalt, is far more resistant to water damage and aging than conventional asphalt It adds about 10 to 15 percent to the cost of

asphaH, 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 has determined that SOM could be marketed at a price of $140 per barrel iftests show that SOMAT can affect at least a

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

Approximately 1,500 acres ofthe Mahogany Block, controlled by the Tell Ertl Family Trust are available to New Paraho. New Paraho also

maintains control ofapproximately 1 1,000 acres ofoil shale leases on state lands inUtah. In addition, Paraho is evaluating other sites where the

facilitymay be located.

NPCO has proposed a 7-month, $500,000 commercial evaluation program to assess the economic benefits of coprocessing used tires whh oil

shale. Initial experiments have demonstrated that retort operations can be sustainedwith used tires as 5 percent ofthe feedstock.

NPCO has proposed a $54million commercial scale plant capable ofproducing 555 barrels of crude oil per day, ofwhich 440 barrels would be

shale oil modifier (SOM) and 110 barrelswould be light oil to bemarketed to refineries.

Test strips ofSOMAT are still being evaluated. During 1996 continued development ofSOMATwas terminated. NPCO is prepared to resume

development as fundingbecomes available.

Research Project Cost $7.0million

Estimated Commercial Project Capital Cost $54.0 million

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 shu plant was submitted in March

1977 and subsequently approved inApril 1977. The EPA issued a conditional Prevention ofSignificantDeterioration (PSD) permit in December
1977which was amended in 1983.

Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, and high interest rates. The

project sponsors applied to the United States Synthetic Fuels Corporation (SFC) under the third solicitation in January 1983 and the project was

advanced into Phase II negotiations for financial assistance. On July 28, 1983 the SFC announced h 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

couldbe awarded to the project

Three headframes-4wo concrete and one steel-have been erected. Four new structures were completed in 1982: control room, east and west

airlocks, and mechanical/electrical rooms. The power substation on-tract became operational in 1982. The ventilation/escape, service, and

production shafts were completed in Fall 1983. An interimmonitoring programwas 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 oftoe two-year baseline period (1974-1976).

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

Although Congress appropriated $8 million in fiscal year 1991, Occidental declined to proceed whh the $225 million
"proof-of-concept"

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

demonstrationproject in an effort to reduce company debt

The Occidental MIS project remains inactive.

Project Cost $225 million for demonstration
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PAMAOIL SHALE-FIRED POWERPLANT PROJECT - PAMA (Energy Resources Development) Inc. (S-158)

PAMA, an organization founded by several major Israeli corporations whh the support ofthe 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. Cornmissioningwas begun inAugust 1989

and oil shale firing began in October. Process steam sales began inNovember 1989 and electricity production started in February 1990. hi 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 150MW 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 has been started on a 6 ton per hour pilotplant whh startup scheduled in late 1996.

Project Cost $30 million for combustion demonstration plant

$8million for retorting pilot plant

PARACHUTE CREEK SHALEOIL 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. Since tbe early 1940s, Unocal

research scientists and engineers have conducted a wide variety of laboratory and field studies for developing feasible methods of producing
usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at hs Los Angeles, California refinery. From 1955 to

1958,Unocal built and operated an upflow retort at the Parachute site, processingup to 1,200 tons ofore per day and producing up to 800 barrels

ofshale oil per day.

Unocal began the permitting process for hs 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 oftoe 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 shipping upgraded syncrude onDecember 23, 1986.

In Jury 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

the DOE contract floorprice, indexed for inflation, Unocalwould receive a payment fromDOE to equal the difference. The total amount ofDOE

price supports Unocal could receive was $400million Unocal began billing the U.S. Treasury Department in January, 1987 under hs 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 hs shale plant
In June 1987,Unocal informed theU.S. TreasuryDepartment that itwould not proceedwhh the FBC technology. A key reason for the decision,
the company said,was the unexpectedly high cost ofthe FBC facility.

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

day.

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

booked hs 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

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

Parachute Creek. Monitoringwill continue through 1992.
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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, 1991 and the project has been terminated.

ProjectCost Phase I - Approximately $1.2 billion

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

A6 foot inside diameter retort, called the demonstrationplant has been in continuous 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 design ofnew 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 2.200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul, Parana, Brazil. The plant

has been operated successfully near design capacity in a series 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 of foci gas, and 18 tons per

day ofsulfur. The operating factor since 1981 until present has been 90 percent

As of October 31. 1998 the plant records were as follows:

Operations tune, hrs 182.859

Oil produced, Bbl 5.103312

Processed oil shale, tons 11.136.450

Sulfur produced, tons 107.894

High BTU gas, tons 213.253

A36-foot inside diameter retort, called the industrialmodule (IM), has been constructed at Sao Mateus do Sul. Startup began in December 1991.

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

100% ofprojected capacity.

As of October 31. 1998 the IM records were as follows:

Operating factor in 1998.% 963

Operation time, hrs 55.570

Oil produced, Bbl 6.488.537

Processed oil shale, tons 13315.557

Sulfur produced, tons 98.957

High BTU gas, tons 158.338

LPG,tons 80.224

Whh the 36-foot (1 1-meter) diameter commercial plant the daily production ofthe two plants will be:

ShaleOil 3,870 Bbl

Processed Shale 7,800 tons

LPG 45 tons

High BTUGas 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
multi-stage fluid bedpilot plant; a circulating fluid bed. Studies on these research projects have been conducted.

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

mined areas. Disposition ofoil shale residues involves its placement in-ph followed by immediate surface reclamation using stripped overburden
materials. Rehabilitation comprises revegetation, using native forest species or local forage plants, and reintegration ofwild life, bringing back
the local conditions for fanning and preservation Monitoring programs 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 hs

retorted shale restoration program, Petrobras has workedwhh 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

Treatment ofthe shale oil involves centrifoging 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 his processed in a FCC Unit The bottoms are also processed in a
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refinery, used to dilute the foel 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 PetrosixPlant 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)million

RAMEXOIL SHALE GASIFICATION PROCESS-GreenwayCorporation and Ramex 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 burn 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 thatGreenway Corporation had become the controlling shareholder in the company.

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

degrees F creatinga high-BTU gas whh little or no liquid condensate. Thewells sustained 75 Mcfa 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 shale whh 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 feet per day.

In late Jury, 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 of20 gas wells, using the Ramex oil shale gasification

process, on the leases nearHenryville, Indiana. Arrangementsweremade whhMidwestNatural 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 BTU perhour) for installation at theHenryville site. InNovember, 1989 Ramex completed its field test

ofthe Devonian Shales in Indiana. The test showed a gas analysis of 47 percent hydrogen, 30 percent methane and little or no sulfur. Ramex

contracted whh amajor research firm to complete the design and material selection ofUs commercial burners which they say are 40 to 50 percent

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

its process onMay 29, 1990.

In 1990, Ramex also began investigatingpotential applications in Israel.

Ramex contracted whh the Institute ofGas Technology in 1990 for controlled testing ofhs 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:

Howfast does the heat frontmove through the shale?

How far will toe 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 with varying amounts ofheat and ifso, what is the ideal amount ofheat to produce the most desirable chemical composition of

gas?

Once these questions are answered, the companywill be able to calculate the actual cost perunit ofgas production.

In 1992 Ramex announced a company reorganization and said that new laboratory testswere being arranged to improve its technology.

On September 30, 1993, Ramex Synfuels International, Inc., as sponsor ofa private placement of limited partnership interests in Ramex Research

Partners, Ltd. successfully closed an offering at theminimum amount intended to be sold of$1 10,000. Subsequently, a contract to conduct Phase
I laboratory testingwas signed between Ramex and Southwest Research Institute ofSan Antonio, Texas. These tests have been ongoing during
1994,with tbe final Phase I test to be conducted inDecember 1994. A final report on all Phase I tests was to be issued by SwRI in 1995. Based

on the favorable results ofthe Phase I tests, Ramex is seeking funding to continue commercial developmentofthe gasification process.

Project Cost Approximately $1 million for the pilot tests.

THE SYNTHETIC FUELS REPORT, JANUARY 1999

2-22



STATUSOFOIL SHALEPROJECTS (Underline denotes changes since January 1998)

COMMERCIALAND R&D PROJECTS (Continued)

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$2103 million was submitted to acquire rights

to the tract which was leased in March 1974. A 4-yearmodified in shu (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

betweenOctober and lateDecember 1980. The second retort was 60 feet by 60 feet by 400 feet high and produced 24,790 barrels while burning
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 of the project Rio Blanco, however, could not develop the tract efficiently in this

manner without additional federal land for disposal purposes and siting of processing facilities, so in August 1982, the company temporarily

suspended operations on hs federal tract after receiving a 5 year lease suspenrion from the United States Department ofInterior. In August 1987,

the suspension was renewed

Federal legislation was enacted to allow procurement of off-tract land that is necessary if the lease is to be developed by surface mining. An

application for this land was submitted to the Department of Interior in 1983. Based on the decision 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, a Record ofDecisionwas never issued due to a suit filedby theNationalWildlife 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 retortwere flooded butwere pumped out inMay 1985 and June 1986 in accordance whh plans approved

by toeDepartment ofthe Interior.

Rio Blanco operated a $29 million, 1- to 54on per day Lurgi pilot plant at Gulfs Research Center in Harmarville, Pennsylvania until late 1984

whenhwas shut down This $29million represents the capital and estimated operating cost for up to 5 years ofoperation On January 31, 1986

Amoco acquiredChevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in toe 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 reclamation was completed in 1996.

Final she and revegetation reclamationwas completed in 1998. Retort abandonment and groundwatermonitoring were also completed in 1998.

Office activities have beenmoved from the she to Rifle. Colorado.

Project Cost Four-year process developmentprogram cost $132million

No cost estimate available for commercial facility.

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

(50 percent) (S-200)

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia, m April 1981, construction of a multi-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 A$30 million on an initial 3 year

work program that would resolve technical difficulties to allow a more precise evaluation of toe economics of development During the work
program toe 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 5.2million barrels per

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

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

In October 1984 SPP/CPM and Esso announced discussions about amendments to the Rundle Joint Venture Agreement signed in 1982. Those

discussionswere completed byMarch 1985. Revisions to the Joint Venture Agreementprovide for.

Payment by Esso to SPP/CPM ofA$30 million in 1985 and A$12.S in 1987.

Each partner to have a 50 percent interest in the project

Continuation ofaWork Program to progress development ofthe resource.

Esso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPMs share of subsequent development

expenditures. IfEsso provides disproportionate funding, hwould be entitled to additional offtake to cover that funding.

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

Project Cost US$2.65 billion total estimated
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STATUS OFOIL SHALEPROJECTS (Underline denotes changes since January 1998)

COMMERCIALANDR&DPROJECTS (Continued)

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

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

Processing ofthe kukersite shale in SHC-3000 retorts makes h 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 the

shale-burning electric power stations, to increase (thermal) efficiency up to 86-87 percent to improve sulfur removal
from shale foel, 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 oil water. Overall the air pollution (compared to direct oil shale combustion) decreases.

The two SHC-3000 units built in 1980 at the Estonian Powerplant Narva, Estonia, whh 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 foil 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 unproved dramatically in 1984 in comparison whh the period of 1980-1983. For

instance, the total amount ofshale 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 of 1984, 159,200 tons ofshale was 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. In 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 shale whh 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 is growing steadily-from 8,900 tons in 1990 to 24,300 tons in 1991.

By the end of 1994, 3,245,000 tons ofshale had been processed and 403,500 tons oil oil had been producedby the SHC-3000 process.

SLANTSY OIL SHALE PROCESSINGPLANT - SlantsyChy, Petrograd, Russia (S-208)

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

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

2 million tons ofoil shale weremined in 1998.

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

1.5 million tons ofoil shale and produces about 200,000 tons ofshale oil. Most oftoe produced shale oil is used as refinery feedstock, part of it is

used as fuel burned at the on-she 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 Pacific MineralsNL (S-210)

In 1985 Southern Pacific Petroleum NL and Central Pacific MineralsNL (SPP/CPM) studied the potential for developing a demonstration retort
baseduponmining the Kerosene CreekMember 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

forutilizing the Taciuk Process developed byUmatac andAOSTRA (Alberta Oil Sands Technology and Research Authority) ofAlberta, Canada.
Batch studies were carried out in 1985, followed 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 scale was carried out in 1986. A series of68 pyrolysis tests were carried out using a

small batchunit A number ofthese tests achieved oil yields of105 percent ofModified FischerAssay.

As a result oftoe Phase 2 batch tests, SPP updated their cost estimates and reassessed the feasibility ofthe Taciuk Processor for demonstration
plant use. The economics continued to favor this process so the decision was made to proceedwhh tests in the 100 tonne per day pilot plant in
1987. A sample of2,000 tonnes ofdried Stuart oil shale was prepared in late 1986 and early 1987. The pilot plant program was carried out

between June andOctober 1987.

During the last quarter of 1987, SPP carried out a short drilling program of 10 holes at the Stuart deposit in order to increase information on the

high grade Kerosene Creekmember. This is a very high grade seam (134 liters per tonne)whh 150million barrels ofreserves.
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COMMERCIALAND R&D PROJECTS (Continued)

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

studies is to provide potential financial backerswhhverifiable information on which to base technical judgment ofthe project These studies were

completed m early 1991. Both groups confirmed SPP/CPM's own numbers and endorsed the AOSTRA Taciuk Processor as the most effective

retort forQueensland oil shale.

The overall SPP development plan includes three stages, commencingwhh a low capital cost semi-commercial plant at 6,000 tonnes per day of

high grade shale feed producing 4,560 barrels per day ofoil. Bechtel Engineering has offered to build toe first stage on a fixed price time certain

contract whh performance guarantees subject to liquidated damages. Once toe retorting technology is proven the second stage plant at

25,000 tons per day ofshale producing 14,000 barrels per day of syncrude from an intermediate grade will be constructed. Stage three is a

replication step with five 25,000 ton per day units producing 60,000 barrels per day of syncrude from average grade shale, or approximately

15 percent oftoe projectedAustralian oil import requirement in toe year 2000.

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

offering to exempt all gasoline derived therefrom (about 40% ofproduction) from excise tax (US$0.19/Iiter) through toe 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 project,making h eligible for awrite-offof 150 percent of90 percent ofcapital expenditures (50
percent

in each ofthe first 3 years) plus the same 150 percentwrite-offfor nearly all operating costs, including interest on debt for six years.

Whh 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 notionally suggested below:

WI$1993 $15 $20 $25

Project after tax IRA 10.0% 15.2% 19.1%

Investor after tax IRA 14.5% 20.0% 25.2%

According to conceptual SPP calculations neither Stage 2 or 3, the subsequent foil size commercial plants, require any government subsidies to be

economic.

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

of24 years in October 1993. In December 1995 SPP/CPM announced an agreementwhh Suncor, Inc. ofCanada bywhich Suncorwill become

the operator for Stage I ofthe Stuart Oil Shale Project Capital cost for the revised Phase I is $A217million (including A$17 million for

contingencies). Financing for Stage I will be: Suncor, A$72million; SPP/CPM, A$8million; balance, one or more financial sources. The

AustralianGovernment approved toe Stuart Project structure inwhich Suncorwill hold a 50 percent interestwhh SPP and CPM each holding 25

percent InAugust 1996 a 30-year mining lease (ML 80003) was granted to the Stuart Project by the Queensland Government that covers 527

hectares of toe oil shale deposit All uncertainties surrounding the mining lease have been overcome. In mid 1997 SPP/CPM signed an

unconditional commitment to construct Stage I of toe Stuart Project expected to produce 4,500 barrels of shale oil per day. Construction

activities are proceeding ahead ofschedule. Stage I production is scheduled to begin in 1999.

ProjectCost A$217million (Stage I)

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

TheYaambaOil Shale Deposit occurs in the Yaamba Basinwhich occupies an area ofabout 57 square kilometers adjacent to toe small township
ofYaamba located 30 kilometers (19miles) north-northwest ofthe chy ofRockhampton, Australia.

Oil shalewas discovered in toeYaamba Basin in 1978 during the early stages ofa regional search for oil shale in buried Tertiarybasins northwest

ofRockhampton Exploration since that time has outlined a shale oil resource estimated at more than 4.8 billion barrels in shu extending over an

area of32 square kilometerswithin the basin

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

"Authorities to
Prospect"

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

Rockhampton In addition to the YaambaDeposit toe "Authorities to
Prospect"

cover a second prospective oil shale deposit in the Herbert Creek

Basin approximately 70 kilometers northwest ofYaamba. Drilling in theHerbert Creek Basin is in toe exploratory stage.

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

characterization ofthe Yaamba oil shale resource, has been completed. Environmental baseline investigations were carried out concurrentlywhh

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 environmentwere undertaken

In December 1995, SPP/CPM increased hs ownership ofthe Yaamba oil shale resources to 100 percent pending approval by the Queensland

Minister forMines and Energy.

ProjectCost Not disclosed
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COMPLETED AND SUSPENDED PROJECTS

Project

American Syncrude Indiana Project

Baytown Pilot Plant

BX In Shu Oil Shale Project

ChathamCo-Combustion Boiler

Colony Shale Oil Project

CottonwoodWash Project

DirectGasification Tests

Duo-Ex Solvent Extraction Pilot

EasternOil Shale In Shu Project

Edwards Engineering Company

Exxon Colorado Shale

FruhaRefinery

Gelsenkirchen-Scholven

Cyclone Retort

Japanese RetortingProcesses

Julia Creek Project

KENTORTHPDU

Laramie EnergyTechnologyCenter

LLNLHot Recycled-Solids (HRS) Retort

LoganWash Project

MeansOil Shale Project

Nahcolite Mine #1

Naval Oil Shale Reserve

ofEnergy

Northlake Shale Oil Processing Pilot

Oil Shale Gasification

Sponsors

American Syncrude Corp.

Stone&Webster Engineering

Exxon Research and Engineering

EquityOil Company

NewBrunswiskElectric PowerCommission

Exxon CompanyUSA

AmericanMine Service

Cives Corporation

Deseret Generation &

Transmission Coop.

FosterWheeler Corporation

DavyMcKee

Magic Circle EnergyCorporation

Tosco Corporation

Solv-Ex Corporation

Eastern ShaleResearchCorporation

Edwards Engineering

Exxon CompanyUSA

Landmark Petroleum Inc.

VebaOel

Japan Oil Shale Engineering Company

Placer Exploration Limited

University ofKentuckyCenter forApplied

Energy Research

Laramie and RockyMountain Energy Company

Lawrence LivermoreNational Laboratory
United States Department ofEnergy

Occidental Oil Shale Inc.

Central PacificMinerals

Dravo Corporation

Southern Pacific Petroleum

Multi-Mineral Corporation

United States Department

Northlake Industries, Inc.

Uintah BasinMinerals, Inc.

Institute ofGasTechnology,
American Gas Association

T ast Appearance 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; page B-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
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COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors

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 Situ Test

Unnamed Fracture Test

White River Shale Project

Yugoslavia InclinedModified In Shu Retort

Yugoslavia CombinedUnderground Coal

Gasification andModified In Shu

Oil Shale Retort

Cleveland-Cliffs

StandardOil (Ohio)
Superior

Paraho DevelopmentCorporation

Paraho Development Corporation

JapaneseMinistry ofInternational Trade and Industry

Geokinetics Inc.

Peter Kiewh
Sons'

Inc.

KelloggCorporation
Shale EnergyCorporation ofAmerica

Tosco CorporationMarch 1990; page 2-48

TransNatal, Gencor, Republic ofSouthAfrica

Triad Research Inc.

Multi-Mineral Corporation;United States

Bureau ofMines

United States Shale Inc.

Mecco, Inc.

Talley Energy Systems

Phillips Petroleum Company
StandardOil Company (Ohio)
SunOil Company

UnitedNations

UnitedNations

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
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INDEX OF COMPANY INTERESTS

Company orOrganization

AlbertaDepartment ofEnergy

AmocoCorporation

Central Pacific Minerals

Chevron Shale Oil Company

Conoco Inc.

Esperance Minerals NL

Esso Exploration and ProductionAustralia Ltd.

Estonian Republic

Fushun Bureau ofMines

Fushun Petrochemical Corporation

GreenvaleMiningNL

GreenwayCorporation

J. W. Bunger&Associates, Inc.

JordanNatural Resources

MaomingPetroleum Industrial Corporation

Mobil Oil Corporation

New Paraho Corporation

Occidental Oil Shale, Inc.

Office National de Recherche et

d'Explohation Petrolieres (ONAREP)

PAMA Inc.

Petrobras

Ramex Synfuels International

Rio Blanco Oil Shale Company

SINOPEC

SlantsyCity, Petrograd, Russia

Southern Pacific Petroleum

ProjectName

Alberta Taciuk Processor Technology

Rio Blanco Oil Shale Project (C-a)

Condor Project

Rundle Project

StuartOil Shale Project

Yaamba Project

Clear Creek Project

Clear Creek Project

Esperance Oil Shale Project

Rundle Project

Estonia Power Plants

Kivher Process

SHC-3000 Retorting Process

Fushun Bureau ofMines Oil ShaleRetorting Plant

Fushun Petrochemical Corp. Oil Shale Retorting Plant

EsperanceOil Shale Project

RamexOil Shale Gasification Process

JWBAShale Oil Value Enhancement Venture

JordanOil Shale Project

MaomingCommercial Shale Oil Plant

Mobil ParachuteOil Shale Project

New Paraho Asphalt From Shale Oil

OccidentalMIS Project

Morocco Oil Shale Project

PAMAOil Shale-Fired Power Plant Project

Petrosix

Ramex Oil Shale Gasification Process

Rio Blanco Oil Shale Project (C-a)

Fushun Petrochemical Corp. Oil Shale Retorting Plant

Maoming Commercial Shale Oil Plant

SlantsyOil Shale Processing Plant

Condor Project

Rundle Project

StuartOil Shale Project

Yaamba Project

Page

2-14

2-23
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2-24
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INDEXOFCOMPANY INTERESTS (Continued)

Company orOrganization ProjectName Page

UMAGroup Ltd. AlbertaTaciuk Processor Technology 2-14

Unocal Corporation Parachute Creek Shale Oil Program 2-20
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OIL SANDS

PROJECT ACTIVITIES

CROWN ENERGY EXPECTS ASPHALT

RIDGE PROJECT TO RUN AT 100,000 TONS

PER YEAR IN 1999

In 1997 Crown Energy Corporation joined with

MCN Energy Group Inc. and Enron Corporation,

through their wholly owned subsidiaries, in proj

ect and equity financing aimed at utilizing

Crown's considerable natural resources to en

hance shareholder value. Crown's vision is to

become a force in the asphalt production and

distribution arenas.

Perhaps Crown's most notable recent achieve

ment was its purchase of the asphalt marketing

and distribution business of Petro Source Cor

poration. As a result of this transaction, Crown

obtained inventory, assets and facilities in Utah,

Colorado, Nevada, Arizona and California. This

acquisition creates a vertical integration of

Crown's overall asphalt business and provides a

good distribution network for the asphalt pro

duction from its Asphalt Ridge project.

Crown's Asphalt Ridge Oil Sand Extraction Fa

cility near Vernal, Utah, is a first-of-a-kind facil

ity to produce premium quality asphalt from oil

sands. The project is substantially complete

after encountering some construction delays.

Startup and commissioning of the plant began in

the third quarter of 1998 and Crown expects

production at the design capacity of

1 00,000 tons of asphalt per year in 1 999.

Crown says it believes the asphalt industry pro

vides an excellent growth opportunity. The in

dustry is rapidly changing to the use of a wide

array of performance oriented products requiring

technical blends of asphalt and other materials.

These products require high-quality asphalt and

terminal facilities to store, blend and distribute

the products. The recent federal highway bill

will allocate over $160 billion to the construction

and repair of highways with the Western United

States set to receive a large portion of this

funding. This, coupled with the relatively strong

regional economy and special funding associ

ated with the 2002 Winter Olympic Games in

Salt Lake City, Utah, indicates strong demand

growth for the asphalt over the next several

years.

Crown states that the asphalt produced from

Asphalt Ridge is the highest quality available in

the region and is well suited for blending with

lower quality asphalts to enhance performance

and meet the technical product requirements of

today's market. Crown plans to aggressively

expand its terminal and distribution network in

the region. In addition, plans call for expansion

of productive capacity at Asphalt Ridge to

300,000 tons per year by 2001 .

Contract forMining

Morrison Knudsen Corporation has been

awarded a 2-year contract by Crown Asphalt

Corporation to provide contract mining services

at the Asphalt Ridge project.

The scope of services contracted includes

loading and hauling ores to the processing plant,

as well as loading and hauling overburden.

Other work includes stockpile and haul road

maintenance, and construction of surface-water

diversion systems. By year-end 1998 the mine

was to have reached full production at about

1 ,452,000 bank cubic yards of material annu

ally.

PETROZUATA, FIRST ORINOCO JOINT

VENTURE, STARTS UP WITH BIG COST

OVERRUN

Petrozuata is the first of several joint venture

projects between Petroleos de Venezuela S.A.

(PDVSA) and international oil companies to tap
into the heavy and extra-heavy crudes of the

Orinoco Tar Belt.

The Orinoco Belt is in Eastern Venezuela north

of the Orinoco River in the States of Monagas,
Anzoategui and Guarico.
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OIL SANDS

The belt has been divided into regions which are

shown in Figure 1 . The crude oil produced will

be shipped to the Jose industrial district on the

Caribbean Coast for upgrading and tanker

shipment.

Petrozuata S.A., a joint venture of Conoco Inc.

(50.1 percent) and PDVSA (49.9 percent) is the

first Orinoco project to go into production. The

company began filling its 125-mile, 36-inch

pipeline to Jose on August 30.

The 9 to
10

API crude is being mixed with

lighter crude oil as a diluent for transport. A

parallel 20-inch line will, after the upgrader is in

operation at Jose, return naphtha diluent to the

main station in the field for reuse. Thirty-one

horizontal wells have been completed and

45 more are in various stages of development.

Full production will be 120,000 barrels per day.

The upgrader the company is building will

lighten the heavy crude to 19 to
25 API syn

thetic crude oil with an output rate of

104,000 barrels per day. Of this, 64,000 barrels

per day will go to Conoco's Lake Charles, Lou

isiana, refinery while 39,000 barrels per day will

go to PDVSA's Cardon refinery. The upgrader

is expected to be completed in the year 2000.

FIGURE 1
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SOURCE: OILANDQASJOURNAL
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The pipeline has extra capacity to transport oil

from other companies working in the Orinoco

Belt and agreements are being negotiated.

Including the facilities in Jose, the project was

expected to cost $2.4 billion.

Petrozuata has reported that it expects lifting
costs to range from $1 to $2 per barrel.

Petrozuata has announced cost overruns of

about $324 million primarily attributable to unfa

vorable exchange rates between the bolivar and

the dollar and higher-than-expected labor costs.

When combined with lower revenues from early

production, additional equity commitments will

be required from the sponsors, which are fore

casted at approximately $430 million at this

time. This amount could decrease if the bolivar

should devalue against the dollar.

In November Duff and Phelps Credit Rating

Company (DCR) downgraded the ratings on the

debt securities of Petrozuata Finance Inc. from
"BBB+"

to
"BBB,"

while the securities remain on

Rating Watch Down.

This action is primarily a result of a low oil price

environment which DCR believes will continue

through at least the end of 1999 combined with

an emerging political view in Venezuela which

has heightened the risks for interests in the en

ergy sector. These project ratings have been

able to exceed the sovereign rating of the coun

try due to legal and structural features that help
to mitigate sovereign risk issues. Nevertheless,

further deterioration in Venezuela could nega

tively impact these ratings.

DCR is comfortable that PDVSA's current finan

cial resources are sufficient to meet this re

quirement and when combined with the financial

penalties that would be incurred under the

Petrozuata Association Agreement for missing a

cash call, give incentive for the sponsors to stay

the course.

Conoco's recent spin-off from DuPont may im

pact DuPont's completion guarantee and will

impact the off-take guarantee in the Petrozuata

transaction. Based upon Conoco's recent credit

rating, however, the completion guarantee is

expected to remain in place.

PETROLERA AMERIVEN TO PRODUCE

215,000 BARRELS PER DAY OF HEAVY

CRUDE

Few details have been released about Petrolera

Ameriven S.A., a joint venture involving Pet

roleos de Venezuela S.A. (PDVSA) (30 per

cent), ARCO (30 percent), Phillips Petroleum

(20 percent) and Texaco Inc. (20 percent). Ini

tial production of
16 API heavy crude in the

Hamaca region (see Figure 1 in separate article,

page 3-2) will be 36,000 barrels per day (bpd).

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 through

this phase will be $3.59 billion. A later phase

will lift production of heavy crude to

215,000 bpd in 2006.

The upgrader will be built by 2002. It will be

constructed in two phases. The first phase will

give Petrolera Ameriven a capacity of

165,000 bpd and the second will add 50,000 bpd

of capacity to its capacity. The second phase is

scheduled to be in operation by 2007.

The finished upgrader will have a 215,000-bpd

atmospheric distillation unit, a 140,000-bpd vac

uum distillation unit, a 63,000-bpd delayed

coker, 60,000-bpd naphtha and distillate hy
drotreater, and a 55,000-bpd gas-oil hy
drocracker.
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SINCOR'S ORINOCO TAR BELT FACILITY

UNDER CONSTRUCTION

The most ambitious of the Venezuela Orinoco

Tar Belt projects is Sincrudos de Oriente

(Sincor). It is a joint venture between Petroleos

de Venezuela S.A. (PDVSA) (38 percent), the

French company Total (47 percent) and the

Norwegian company Statoil (15 percent). Lo

cated in the Zuata region (see Figure 1 in sepa

rate article, page 3-2), the project is scheduled

to begin production at the rate of 40,000 barrels

per day (bpd) of
8.5

API extra-heavy crude in

November 2000.

This crude will be diluted and piped to the coast

via the Petrozuata pipeline where it will be mar

keted directly until an upgrader is built. A total

of some 900 horizontal wells would be drilled;
160 for the startup. Average production will be

about 1,250 bpd perwell.

Eventually, 204,000 bpd of heavy crude will be

produced, permitting upgrading to 180,000 bpd

of
32

API high quality synthetic crude.

Sincor has awarded a lump-sum turnkey con

tract of over $350 million to Foster

Wheeler USA Corporation for a six-drum,
de-

layed-coking and gas-recovery unit for the up

grader in Jose, Venezuela.

The contract calls for FosterWheeler to provide

engineering, procurement, material supply, con

struction, commissioning and startup assistance

services.

Work on the coker, which includes a gas-

recovery unit and off-site coke han

dling/conveying, will start immediately. The

project is scheduled for completion in 2001 .

Foster Wheeler is serving as the front-end de

sign engineering contractor for both the process

refinery and the upstream wellheads and trans

fer stations.

The coker will use Foster Wheeler's Sydec

process. DIT-Harris, Proyecta, Technip and

Brown & Root Inc. are building the 180,000-bpd

upgrader under a $750 million contract.

Overall total capital cost for the Sincor project is

budgeted at $4.3 billion.

Estimated 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 the

35-year producing term of the contract.

Peak production over the contract period is ex

pected to be 200,000 bpd of heavy crude that

could be increased to 300,000 bpd.

CERRO NEGRO PROJECT IN VENEZUELA'S

ORINOCO TAR BELT COMING IN ON

BUDGET

The Cerro Negro project (Operadora Cerro Ne

gro, or OCN) is a joint venture involving Mobil

Corporation (41 .67 percent), Petroleos de

Venezuela S.A. (PDVSA) (41 .67 percent) and

Veba Oel AG (16.66 percent). The project in

cludes extraction of extra-heavy
8.5

API crude

from the Cerro Negro region (see Figure 1 in

separate article, page 3-2). 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 near New Orleans, 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 of 350 wells will be

drilled over the project life of 35 years.

Mobil and PDVSA's portion of the upgraded

crude will be refined at their joint-venture Chal

mette refinery while Veba's share will go to the

Ruhr Oel refinery in Germany. This refinery is a

joint venture of PDVSA and Veba.

The entire project will cost $2.5 billion.

OCN is only several months into construction

and is essentially meeting its forecasts. Cerro

Negro has a lower total cost compared to the
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other projects, as well as numerous operational

differences compared to Petrozuata. A signifi

cant portion of OCN's project budget is also in

bolivars and could be subject to increased risk

due to variances in local inflation and bolivar

devaluation against the United States dollar.

Similarly, this risk is assumed by the sponsors in
the form of additional cash calls prior to com

pletion. Currently, Duff and Phelps Credit Rat

ing (DCR) views OCN as the strongest extra-

heavy oil project in the
"BBB"

category. DCR

recently downgraded from
"BBB+"

to
"BBB"

the

ratings on the debt securities of Cerro Negro

Finance Ltd., while they remain on Rating
Watch Down. This action is primarily a result

of a low oil price environment which DCR be

lieves will continue through at least the end

of 1999 combined with an emerging political

consensus in Venezuela which has heightened

the risks for interests in the energy sector. Cur

rently, it is DCR's view that oil prices are at cy

clical lows and strong long-term demand fun

damentals will result in increasing oil prices over

the medium term.

SUNCOR, SYNCRUDE PRODUCTION

RECORDS UPDATED

Statistics published by the Alberta (Canada)

Energy and Utilities Board for synthetic crude

production at Suncor and Syncrude through

September 1998 are summarized in Figures 1

and 2.

FIGURE 1

SUNCOR SYNTHETICCRUDE OIL PRODUCTION 1994-1998

JAN

1994

SOURCE: EUB

JAN may

1998
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FIGURE 2

SYNCRUDE SYNTHETICCRUDE OIL PRODUCTION 1994-1998

1,200

JAN MAY

1994

SOURCE: EUB

SEP JAN MAY

1995
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1996
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CORPORATIONS

FLORIDA POWER AND LIGHT ABANDONS

EFFORT TO BURN ORIMULSION

A 5-year effort to gain approval to bum Orimul

sion, billed as the "fourth fossil
fuel,"

has ended

in Florida. Florida Power and Light Company
(FPL) and Bitor America Corporation aban

doned their bid to replace fuel oil with Orimul

sion in an 800-megawatt unit at the Manatee

station.

The Florida Power Plant Siting Board, which is

essentially controlled by the governor's office,

denied the electric utility's application.

Bitor to Defer $300-Million Investment

Bitumenes del Orinoco (Bitor) said in November

it will put on hold a $300-million investment

plan, as a result of the FPL decision not to ap
peal a Florida Cabinet decision to ban the

burning of Orimulsion at one of its plants.

Bitor said that the development of a powerplant

for FPL that would run on the fuel would have
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represented sales of up to 4 million metric tons

per year during the 20-year contract period.

FPL president P. Evanson said that "after care

ful consideration, and despite our continued

confidence in the fuel's environmental and eco

nomic benefits, we have decided a third attempt

to seek Cabinet approval to use Orimulsion

would not be in the best interest of our custom
ers."

FPL officials said the company would continue

to operate its Manatee plant under the current

license and specified fuel.

Biter's gross income from the sale would have

reached $160 million. The Orimulsion produc

tion plant was to have been built by Conoco in a

joint venture with Statoil, Bitor and local firm

Jantesa.

Despite the Florida setback, Bitor plans to pur

sue other markets in the United States; power

companies in New York, Massachusetts and

Pennsylvania are already being approached by
BitorAmerica, the company has said.

Learning From Rejections

The president of Bitor said one of the lessons

learned by the company through its dealings

with FPL is that talks with potential clients

should include community leaders.

Speaking before the Senate's Energy and Mines

Committee, C. Borregales said the marketing of

Orimulsion often runs into resistance from com

panies that provide other energy sources, such

as coal, and from local environmentalist groups

whose opinions have the power to influence de

cisions.

He said that, more often than not this has been

the case, even though the company's fuel has

invariably passed all environmental require

ments in countries where it is being used.

GOVERNMENT

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 are listed in Table 1 ,
next page.

OIL SANDS SUPPLIED 34 PERCENT OF

ALBERTA CRUDE OIL IN 1997

According to a report from the Alberta Energy
and Utilities Board, total hydrocarbon sales in

Alberta, Canada, increased by 2 percent

in 1997, to C$26.79 billion, led by an increase in

oil sands and bitumen production. Synthetic

crude and bitumen from the oil sands rose by
18.6 percent to 193 million barrels and now ac

counts for 34 percent of Alberta's total oil pro

duction.

ENERGY POLICY AND FORECASTS

U.S. LEADS IN HEAVY CRUDE PROCESSING

Traditionally, light-to-heavy crude price differ

entials have been the market drivers which pro

vide the incentives for constructing grassroots

bottom-of-the-banrel (or residua) conversion

processes. Today this differential has de

creased significantlybut the need for bottom-

of-the-barrel conversion capacity is still high.

Two new market drivers include:

The strict environmental legislation

which limits sulfur and other contami

nants in fuels.

The need to bring to market an over

abundance of extra-heavy crudes in the
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TABLE 1

SUMMARY OF OIL SANDS ORDERS AND APPROVALS

Order Number Date Description

App 8143A 21 Jan 98 Commercial Oil Sands Schemes

Replaces App 5545

Shell Canada Limited

Cadotte Lake Area

App 7895A 14 Jan 98 Primary Recovery Schemes

Husky Oil Operations Ltd.

Frog Lake Sector

App 7964C 9 Jan 98 Primary Recovery Schemes

Canadian Natural Resources Ltd.

Brintnell Area

App 7922A 1 1 Feb 98 Commercial Oil Sands Schemes

Replaces App 5742

Amoco Canada Resources Ltd.

Wolf Lake Sector

App 6723J 9 Feb 98 Primary Recovery Schemes

Amoco Canada Petroleum Co. Ltd.

Brintnell Area

App 8304 25 Feb 98 Primary Recovery Schemes

Northstar Energy Corp.

Panny Area

App 8318 27 Mar 98 Experimental Oil Sands Schemes

Japan Canada Oil Sands Ltd.

Hangingstone Area

App 661 9M 25 Mar 98 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Pelican Lake Area

App 7936C 25 Mar 98 Primary Recovery Schemes

Numac Energy Inc.

Wolf Lake Sector

Expires/

Rescinds

30 Dec 2014

31 Dec 2011

31 Mar 2001
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TABLE 1 (Continued)

Order Number Date Description

App 8061 B 23 Mar 98 Primary Recovery Schemes

Amber Energy Inc.

Brintnell Area

App 8162A 24 Mar 98 Primary Recovery Schemes

Canadian Natural Resources Ltd.

Cold Lake Sector

App 8265 1 1 Mar 98 Primary Recovery Schemes

AEC Oil & Gas

Pelican Area

App 8063A 12 May 98 Experimental Oil Sands Schemes

Gulf Canada Resources Ltd.

Athabasca Area

App4746L 19 May 98 Commercial Oil Sands Schemes

Consolidates App 3375, 4012 and 4448

Amoco Canada Petroleum Co. Ltd.

Lindbergh Sector

App 7990B 25 May 98 Primary Recovery Schemes

Husky Oil Operations Ltd.

Frog Lake Sector

App 6809F 16 Jun 98 Experimental Oil Sands Schemes

Northstar Energy Corporation

Athabasca Area

App 6723K 15 Jul 98 Primary Recovery Schemes

Amoco Canada

Petroleum Co. Ltd.

Brintnell Area

App 8341 22 Jul 98 Primary Recovery Schemes

Barrington Petroleum Ltd.

Beaverdam Sector

App 6984K 6 Aug 98 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Frog Lake Sector

Expires/

Rescinds

31 Jul 2000

31 Dec 2006

31 Dec 1997
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TABLE 1 (Continued)

Order Number Date Description

App 7407D 1 Sep 98 Commercial Oil Sands Schemes

Amoco Canada Resources Ltd.

Primrose Sector

App 8407 14 Oct 98 Experimental Oil Sands Schemes

Amber Energy Inc.

Athabasca Area

Expires/

Rescinds

30 Jun 2018

31 Oct 2000

geographical vicinity of the United States,

the strongest refined product and in par

ticular, transportation fuel market in the

world. The need to find secure outlets for

these heavy crude reserves has prompted

strategic associations between producers

and refiners, and has served as a catalyst for

the construction of new deep conversion

units.

This trend is a result of technological advances

in the heavy oil conversion process which have

led to improved product quality and reduced

yields of undesirable residual fuels.

G. Guariguata of YPF-Maxus Energy Corpora

tion discussed these bottom-of-the-barrel con

version processes at the Seventh UNITAR In

ternational Conference on Heavy Crude and Tar

Sands held in Beijing, China, in October.

Enhancements to proven bottom-of-the-barrel

conversion processes have led over the past

15 years to improved product quality and re

duced yields of undesirable residual fuels.

These methods encompass two broad process

ing routes, carbon rejection and hydrogen addi

tion, in addition to other physical separation

processes, such as solvent extraction of as

phaltenes and resins. The proper selection of

processes for each location depends, of course,

on the quality of the available crude, on the

availability of intermediate feedstocks, and on

product market conditions and prices.

Carbon Rejection Techniques

Carbon rejection processes typically operate at

low pressure (<60 psig) and use thermal crack

ing reactions to produce light components and

streams of concentrated, carbon-rich material

(coke). During these processes, the bulk of feed

contaminants are rejected with the carbon into

the coke, rather than into the liquid products.

Included in carbon rejection techniques are

Fluid Catalytic Cracking (FCC), Resid Fluid

Catalytic Cracking (RFCC), Delayed Coking

(DC), and VisBreaking (VB), along with several

proprietary processes such as Exxon's fluid

coking. All carbon rejection processes produce

byproducts which can lead to disposal problems.

Nevertheless, in part because they have tradi

tionally been accepted in the refining industry as

the "only game in
town"

and in part because

they are much less expensive than hydrogen

addition methods, carbon rejection techniques

have been widely embraced as the major bot

tom-of-the-barrel conversion processes.

Hydrogen Addition Techniques

The hydrogen addition processes, whose origi

nal function was to desulfurize and improve the

quality of heavy streams, are now used in more

diverse ways, driven by the ever-increasing

need for high quality lighter fractions in the mar

ketplace. These proven processes have been
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adapted to achieve partial conversion opera

tions in excess of 30 percent by increasing the

severity of the unit operating conditions. More

recently, with FCC technology capable of

cracking heavier bottoms, residue hydrotreating
is being used mainly for pretreatment operations

of high-sulfur and heavy-metals content resi

dues.

Operations can be varied to upgrade the fol

lowing typical feedstocks: atmospheric and

vacuum residua, shale oil, bitumen from tar

sands, deasphalter bottoms, coker and FCC

gas-oils and coal tars. Economics are favored

with vacuum resid feedstocks.

Conclusions

The current global petroleum market will con

tinue to offer opportunities for bottom-of-the-

barrel technology to play an important role in the

refiner's continuous efforts to balance available

crude qualities with the market demands. No

matter how pessimistic a future market outlook

may be, says Guariguata, it still seems to in

clude ample amounts of heavier and more sour

crudes in addition to avid demand for trans

portation fuels.

Physical Separation Techniques

A key physical separation process, solvent

deasphalting technology, has been used by re

finers to produce gas-oils and lube bright stocks

for many years; today, this process is primarily

used to reject asphaltenes and to recover a

deasphalted oil which is low in asphaltene con

tent from a vacuum residue.

The solvent deasphalted oil is excellent feed

stock for both FCC and hydrocracking; in addi

tion, because it is relatively less expensive to

desulfurize the deasphalted oil than the heavy
vacuum residuum, solvent deasphalting offers a

more economical route for disposing of vacuum

resid from high-sulfur crude.

Locations of the Technology

According to Guariguata, recent figures indicate

(not surprisingly), that the majority (some 54

percent) of bottom-of-the-barrel conversion ca

pacity is located in the major refining centers of

the United States and Europe. The 28 percent

posted by United States and the 26 percent

posted by Europe far exceed the 8 percent

shown by Japan. The remaining 38 percent

constituting a processing capacity of just over

4,700 million barrels per day, is scattered

around the remainder of the world (Table 1 ,
next

page).

ECONOMICS

SEPARATION AND GASIFICATION OF

ASPHALTENES ECONOMICALLY

ATTRACTIVE TO UPGRADING HEAVY OILS

Solvent deasphalting is used in refineries proc

essing heavy crude oils to upgrade heavy bot

toms streams to deasphalted oil that may be

processed to produce transportation fuels. The

byproduct of deasphalting is an asphaltene

stream for which it is often difficult to find a

beneficial use. The Texaco Gasification Proc

ess (TGP) allows conversion of asphaltenes into

synthesis gas that may be used to produce hy
drogen, to produce low-cost power and steam,

or as a chemical feedstock. By integrating
heavy oil deasphalting design with that of gasifi

cation, reductions in capital cost, increases in

energy efficiency, enhanced performance and

profitability of each unit, and environmental

benefits are obtained.

P. Wallace et al. of Texaco Inc. discussed

heavy oil upgrading by the separation and gasi

fication of asphaltenes at the 1998 Gasification

Technologies Conference held in San Fran

cisco, California, in October.

Deasphalting Process

As crude oils are vacuum distilled, long-chain
paraffmic material and asphaltenes accumulate
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TABLE 1

WORLDWIDE RESIDUE PROCESSING CAPACITY (MB/D)

INSTALLED OR UNDER CONSTRUCTION 1996

Process

Remainder World

U.S. Japan Europe ofWorld Total

Thermal

Cracking/Visbreaking

Coking

134

1,855

22

63

2,165

627

164

1,218

3,979

3,793

Deasphalting (critical

solvent deasphalting only) 260 16 13 104 393

Hydroprocessing
Fixed Bed

Ebullating

Slurry Phase

Residue FCC (units specifically

designed to handle residues)

Total

501 580 147 813 2,041

109 25 25 183 342

4 5 9

630 250 214 736 1,830

3,489 956 3,195 4,707 12,347

in the bottoms, or vacuum residue. The paraf

fmic components must be separated from the

asphaltenes so that they can be cracked in con

ventional cracking units. This separation may

be accomplished using solvent extraction. The

extractor produces solvent-rich DeAsphalted Oil

(DAO) and an asphaltene stream that contains

some residual solvent.

The solvent is removed from the solvent-rich

DAO. The DAO is then hydrotreated to remove

sulfur and acids and to maximize diesel yield in

the downstream cracking units. The solvent that

is entrained in the asphaltenes is also recov

ered.

The bottoms from the process are highly vis

cous at ambient temperature. To market this

material, it must be
"cut"

- blended with a sig

nificant amount of expensive distillate products.

This requirement is often detrimental to the

unit's overall economics.

The deasphalting unit requires significant

amounts of heat to recover the solvent used in

the extraction. Whether a fired heater gener

ates this heat or it is obtained by the use of

high-pressure steam, the energy cost is signifi

cant. Finally, when a fired heater is used, stack

emissions result.

Texaco Gasification Process

The TGP was developed in the late 1940s. It

was designed to be fed natural gas. In the

1950s it was modified for heavy oil feeds, in the

1970s for solid feeds like coal and in the 1980s

for petroleum coke.
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Nearly from its inception, the process has been

an attractive means for hydrogen production.

The technology for this production has become

the Texaco Hydrogen Generation Process

(THGP). In the late 1970s the process was

modified to mate to a combined-cycle power-

plant. This technology became specialized to

the degree that it has become its own technol

ogy, now named Texaco Gasification Power

Systems (TGPS).

Among commercially proven technologies,
TGP-based plants are the most environmentally
benign means of generating valuable products

from sulfur-containing feedstocks, say Wal

lace et al. Powerplants with TGPS technology
emit a fraction of the NOx and SOx pollutants

that are produced from conventional or flu

idized-bed boiler installations. And even ad

vanced boiler systems produce solid wastes in

quantities far in excess of those produced in

TGPS plants.

Texaco gasification converts heavy oils such as

vacuum residue and asphaltenes into synthesis

gas (syngas) which has a variety of uses.

Power, steam, hydrogen and other products can

be produced in any combination. To obtain

maximum economic benefit from the unit, a low-

value feedstock is desirable.

Integrated Gasification - Deasphalting

A summary of the feeds and products of inte

grated deasphalting and gasification is given in

Figure 1 . Integrating solvent deasphalting with

gasification enhances the operation and eco

nomics of both technologies.

The bottoms from the deasphalter, the asphal

tenes, may be gasified, eliminating the need to

use expensive distillate blending streams to

make it marketable. The asphaltenes are a low-

value feedstock for gasification, which enhances

process profitability.

With the integrated deasphalter-gasification

unit, the gasifier feed is taken directly from the

asphalt stripper. The asphalt is heated to the

temperature required for optimal pumping to the

gasifier prior to solvent removal, when its heat

transfer characteristics are more favorable. The

result is that viscosity limits on the asphaltenes

are eliminated.

Most importantly, high severity deasphalting

with pentane produces a higher yield of DAO

and ultimately enhances the refinery's produc

tion of diesel oil.

A key synergy of integrated solvent deasphalt

ing and gasification is the sharing of each proc

ess'

heat. The solvent deasphalting process

requires a significant amount of heating to recy

cle the solvent used in the asphaltene extrac

tion. The gasification process produces excess

heat that can be used for this solvent recovery.

Integrating the solvent deasphalter and the

gasification unit enhances the energy balance

between both units. The low-level heat from

quench gasification is used directly in a multi

stage subcritical vaporization. No external

source of heat is required to separate the sol

vent from the DAO. The mid-level heat from

gasification is used to minimize stripping and

asphalt-fired heater duties.

The products of deasphalting and gasification

can also be beneficially integrated. The DAO

requires hydrotreating and catalytic cracking to

become diesel. Hydrogen is required for this

treating, which is a primary product of gasifica

tion. The hydrogen can be generated from the

asphaltene to eliminate the need for any exter

nally supplied hydrogen.

The purge gas from hydrotreating may be

routed to the gasifier. Hydrogen is then recov

ered in the same process used to generate syn

gas-borne hydrogen. This eliminates losses of

hydrogen to the fuel gas system. In addition,

this allows the sulfur in the DAO to be captured

internally without increasing the load on the re

finery sulfur facilities.

Sample Economics

The integrated gasification/solvent deasphalting
technology is an attractive technology for refin

ery facilities processing heavy oils. For exam

ple, a nominal 150,000-barrel per day refinery
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FIGURE 1

OVERALL FEEDAND PRODUCTS

Heavy Oil

Deasphalted Oil to HTU

(50 - 85% recovery)

Hydrogen to Hydrotreater

Synthesis Gas (CO + H2)

Fuel Gas to Combustion

Turbine

C02 to Tertiatary Recovery
or CT Diluent

Sulfur to Sales

Byproduct Solid Sales

SOURCE: WALLACEETAL

could increase its throughput by 40,000 barrels

per day by purchasing heavier crude and in

stalling an integrated deasphalter/gasification

unit to debottleneck their bottoms handling ca

pabilities. The cost of the additional crude vol

ume is approximately offset by the decrease in

crude cost. Diesel yield from the refinery,

boosted by the production of DAO, is increased

by approximately 20,000 barrels per day. Syn

gas is produced for use as hydrogen, as chemi

cal feedstock and as feed to a cogeneration

unit. The net income change for this refinery,

assuming the cogeneration unit is operated by a
third party is $700,000 per day.

The capital cost of the project, including modifi

cations to existing crude, hydrotreating and

catalytic cracking units, is approximately
$500 million. This gives a simple payout of

about 2 years for the project.

The technology is also attractive to facilities

producing heavy oil. In some heavy oil fields,
an increase of $3 to $7 per barrel may be real

ized for the upgrade of heavy crude to

deasphalted oil, distilled kerosene and diesel

components. When about 100,000 barrels per

day of crude are treated, revenues in the field

are enhanced by about $570,000 per day.

In the simplest case, syngas produced from the

asphaltenes replaces natural gas in the steam

flood facility's existing cogeneration unit. The

syngas is valued at current avoided natural gas

prices. However, the real cost of the syngas

can be fixed. This eliminates the natural gas

fuel price risk over the 20-year life of the field.

Typical natural gas savings may amount to

about $175,000 per day.

Again, simple payouts for this type project are

about 2 years.

Conclusions

Wallace et al. conclude that there are numerous

benefits obtained in integrating deasphalting
and gasification:
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The integration allows heavy oils to be

upgraded economically.

The integration reduces capital and op

erating costs of both processes.

The integration allows higher yields of

DAO.

The integration results in lower NOx, C02
and sulfur emissions.

TECHNOLOGY

EMISSIONS FROM OIL SANDS DIESEL FUEL

COMPARED TO PETROLEUM DIESEL

In Canada 21 percent of annual petroleum

crude processed is oil sands-derived crude oil.

This figure is expected to increase as the con

ventional crude oil resources are depleted. In

the diesel boiling range, the oil sands-derived

crude oil is low in sulfur but higher in aromatics

compared to conventional crude oil. The oil

sands-derived crude also contains more cyclo-

paraffins. Diesel fuels produced from oil sands-

derived crude tend to have relatively poor

cetane quality but good low-temperature prop
erties.

X. Li and O. Gulder of the National Research

Council Canada, compared the oil sands-

derived diesel fuels with diesel fuels derived

from conventional crude oil in their presentation

to the
216th

American Chemical Society Na

tional Meeting held in Boston, Massachusetts, in

August.

The engine used in this study is a single-cylinder

research version (Ricardo Proteus) of a Volvo

TD 123 heavy-duty truck engine. The engine is

a direct injection type and has a displacement

volume of 2 liters. It is tuned to meet the United

States Environmental Protection Agency (EPA)
1994 Emission Standards. The test procedure

used in this study is the AVL eight-mode
steady-

state simulation of the EPA transient test proce

dure. A total of 19 diesel fuels were evaluated.

Composite Emissions

The oil sands-derived fuels yield NOx emissions

similar to the conventional crude oil-derived fuel

blends. A good correlation between the com

posite NOx emissions and fuel aromatic content

and density was observed. The higher the total

aromatic content and the density, the higher the

composite NOx emissions. NOx emissions do

not correlate with Tgo or viscosity.

Comparing the two fuel groups, oil sands-

derived fuels generated higher composite Par

ticulate Matter (PM) emissions at the same

aromatic level. This difference can be attributed

mostly to the density difference between the two
fuel groups in the test fuel matrixthe oil

sands-derived fuels having higher densities than
the conventional crude oil-derived fuels at the

same aromatic level.

Regression analyses were performed to exam

ine the correlation between the engine exhaust

emissions and various fuel properties. The fuel

properties considered in the regression analyses

are: density, viscosity, Tgo, T50, T10, total aro
matic content and poly-aromatic content

(di+-aromatics). Fuel density and total aromatic
content were found to be the significant vari

ables for NOx emissions. These two properties

account for 92.8 percent of the total changes in

NOx emissions
(R2

= 0.928). Both factors are

highly significant, although total aromatic con

tent is more so.

Density is the sole significant variable for PM

emissions, accounting for 53.2 percent of the

changes. The total aromatic content was not a

significant variable. Considering the
lowR2

value, the model cannot be viewed as conclu

sive.

Exhaust Emissions at Different Engine

Operating Conditions

The eight-mode steady-state test procedure was

used to examine the impact of fuel properties at
different engine operating conditions.
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The corrected brake specific NOx and PM emis

sions at each mode were calculated. For NOx

emissions, the oil sands-derived fuels behaved

the same as the conventional crude oil-derived

fuels at all eight modes. At medium- to high-

load conditions (Modes 3, 4, 6, 7 and 8), the

NOx emissions increased with total aromatic

content and fuel density. At light-load condi

tions (Modes 1 , 2 and 5), NOx emissions were

not affected by fuel properties.

The oil sands-derived fuels did not show a clear

difference from conventional crude oil-derived

fuels in terms of PM emissions at individual

modes. The total aromatic content and fuel

density impacted on PM emissions differently at

different modes. The effects of fuel properties

on PM emissions appeared greater at low-load

conditions (Modes 1 and 5); an increase in PM

emissions was observed when total aromatic

content and fuel density were increased. How

ever, at heavy load conditions (such as Modes 4

and 8), the effects of fuel properties on PM

emissions were not significant.

Conclusions

Li and Gulder conclude that:

Oil sands-derived diesel fuels behave

similar to conventional crude oil-derived

diesel fuels in terms of NOx emissions at

all engine operating conditions.

Oil sands-derived diesel fuels exhibit

higher composite PM emissions than

their conventional crude oil-derived

counterparts at the same total aromatic

content. However, this trend was not

clear at each individual engine operating

mode.

Different fuel properties influence NOx
and PM emissions at different engine

operating conditions. It is therefore im

portant to investigate the interaction be

tween fuel properties and engine oper

ating conditions.

HYDROGEN GENERATED IN SITU

UPGRADES HEAVY OIL/BITUMEN

EMULSIONS

Canada has large reserves of heavy oils and tar

sand bitumen. These heavy oils are recovered

as emulsions via steam injection techniques.

Current technologies for emulsion treatment and

upgrading require multistage processing. A

novel process for upgrading heavy oil emulsions

in a single-stage process where emulsion

breaking and upgrading occurred in the same

reactor has been developed by researchers at

the University ofWaterloo, in Ontario, Canada.

F. Ng of the University of Waterloo discussed

this process at the
216th

American Chemical

Society National Meeting held in Boston, Mas

sachusetts, in August.

The process is based on the activation of water

in the emulsion through the Water Gas Shift

Reaction (WGSR) to provide hydrogen in situ

for catalytic desulfurization and hydrocracking.

It is envisaged that a single-stage emulsion up

grading will minimize waste streams, lower the

cost for hydrogen production and potentially

break stable emulsions which cause environ

mental hazards as in a tailings pond.

Ng's presentation focused on the catalytic

desulfurization in an emulsion using dispersed

catalysts.

Results

The synthetic emulsions were prepared by using

toluene, water and an emulsifier. Dispersed

molybdenum catalysts were used. Initial re

search was based on the desulfurization of a

synthetic emulsion (toluene/water) containing

benzothiophene (BTH), a model compound for

sulfur species in heavy oil.

Under the reaction conditions of 320 to 380C

and 300 to 600 psig initial loading pressure of

CO, the dispersed Mo catalysts were found to

be effective catalysts for the hydrodesulfuriza-

tion of BTH in an emulsion. The emulsion was

found to be broken completely into two separate

oil and water phases, with some black solids

THE SYNTHETIC FUELS REPORT, JANUARY 1999

3-16



OIL SANDS

identified to be some form of MoSx accumulated

at the bottom of the reactor. Essentially com

plete sulfur removal could be achieved. Gas

samples taken during the reaction showed that

CO decreases as a function of time, while the

CO2 and H2 increases as a function of time. In

the absence of sulfur compounds, the amount of

C02 and H2 were found to be equimolar as ex

pected according to the stoichiometery of the

WGSR. However, in the presence of sulfur

compounds, the amount of H2 was found to be

less than C02 which was attributed to the con

sumption of H2 during the reaction.

The kinetics ofthe HDS of BTH was obtained by
analysis of liquid samples taken from the reac

tor. Gas chromatography analysis indicated that

dibenzothiophene was the intermediate of the

reaction and that ethylbenzene was the final

product. This indicates that the predominant

pathway for the desulfurization of benzothio-

phene is the direct desulfurization via C-S bond

cleavage resulting in H2S and styrene which is

then hydrogenated to give ethylbenzene.

The desulfurization of benzothiophene in an

emulsion with externally supplied molecular hy
drogen was also carried out. The reactivity of in

situ hydrogen was found to be about 7 times

that of supplied molecular hydrogen. This may

be attributed to the fact that the in situ hydrogen

may be more like atomic hydrogen and hence

has a higher reactivity than molecular hydrogen.

Desulfurization of a diesel fraction from Cold

Lake was also evaluated. Water was added to

the diesel to simulate an emulsion. The rate

constant for the WGSR was found to be similar

to that obtained in the presence of model com

pounds. However, the rate constant for desulfu

rization with in situ hydrogen was found to be

similar to that of molecular hydrogen, which

may be due to the presence of highly substi

tuted dibenzothiophene-type compounds. Ng
explains that, due to the steric hindrances of the

substituted alkyl groups, the in situ hydrogen

that was produced from the WGSR will decom

pose to give molecular hydrogen before it could

be utilized for the desulfurization process.

Similar rate constants for desulfurization were

observed when synthesis gas (1:1 mol ratio of

CO:H2) was used for the upgrading of diesel.

This is an important result because this implies

that CO is not an inhibitor for HDS. Because

the cost of hydrogen for upgrading is high, the

use of a cheaper source of hydrogen for up

grading would improve the process
economics.

ADDITIVES REDUCE VISCOSITY OF

EXTRA-HEAVY CRUDES

In the next few years, extra-heavy crude oil

from Venezuela and heavy oil and synthetic

crude oil from Canada will replace an increasing
amount of United States supplies of lighter

crude. Some of these crude oils can have vis

cosities in excess of 15,000 centistokes at

100F. In order for these crude oils to be trans

ported via pipeline from the source, the viscos

ity must be lower than 150 centistokes at 100F.

The crude oils being very viscous on extraction

have to go through some processing, e.g., gas

plasticization, thermal cracking or blending with

lighter distillate fractions, to enable them to be

transported by pipeline.

M. Badger and H. Schobert of the Pennsylvania

State University discussed the use of additives

as a way to reduce viscosity at the
216th

Ameri

can Chemical Society National Meeting held in

Boston, Massachusetts, in August.

Results and Discussion

Figure 1 shows the raw viscosity/dispersant data

to date. In general there is an increase in the

measured viscosity with the increasing polarity

of the dispersant.

When toluene or a xylenes mix is used, the

measured viscosities are up to 50 percent lower

than for the equivalent weight percent of kero

sene. In areas of heavy oil extraction where a

supply of these lighter distillates is available,

then using toluene or a xylenes mix from the
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FIGURE 1
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BTX fraction may be a viable alternative to

kerosene. Also a lower volume of distillate

would be used. An extra advantage is that tolu

ene and xylenes have a low enough boiling
point that they could be removed, at nearly a

100 percent yield, from the crude oil prior to

processing. By setting up a recycle stream,

costs of the operation would be lowered consid

erably.

Conclusions

This initial investigation has shown that the vis

cosity of extra-heavy crude oils can be reduced

to a greater extent using certain additive com

pounds, than when using the conventional dilu

ent kerosene. Interesting interactions, related to

polarity, have been observed between the addi

tive compounds and the crude oil matrix, say

Badger and Schobert. There may be some

scope for a computer simulation of these inter

actions, as well as studying the mechanism

through which asphaltene agglomerates are

broken apart. Further work must include the

study of additive compounds with polarities be

tween 0.5 and 2.5 Debye units. Also a reduction

in the quantity of additive to 1 weight percent

and lower must be studied, to evaluate whether

there is still a linear relationship for the viscosity
reduction at low concentrations.
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INTERNATIONAL

VENEZUELAWILL RELY ON ORINOCO

BELT TO DOUBLE HYDROCARBON

OUTPUT BY 2007

Venezuela's recoverable reserves of heavy and

extra-heavy oils and natural bitumens are on the

order of 286 billion barrels (Orinoco Oil Belt and

Western Venezuela's Maracaibo Lake Basin).

These reserves in addition to current proven

reserves of light- and medium-crude oil, some

26 billion barrels, give a grand total of

313 billion barrels. Present production amounts

to some 3.4 million barrels per day of which

72 percent corresponds to conventional oil. As

Petroleos de Venezuela (PDVSA), the national

oil industry, plans to almost double its present

crude oil production by year 2007, increasing
amounts of non-conventional oil will need to be

produced. V. Paglione of PDVSA-INTEVEP,
discussed the steps which will help meet this

goal at the Seventh UNITAR International Con

ference on Heavy Crude and Tar Sands held in

Beijing, China, in October.

Technology Trends: Adoption, Adaption

and Development by the Venezuelan Oil

Industry

Continued application of new and existing tech

nology, together with in-house developments

carried out at PDVSA-INTEVEP, Petroleos de

Venezuela's research and technological support

center, have been the main weapons to face

challenges to reduce cost and to maintain the

Venezuelan Oil Industry as an international en

terprise in the face of relatively low oil prices.

3D and 4D seismic, advanced geological mod

eling and reservoir simulation techniques have

provided an all-around understanding of existing

reservoirs allowing selection of the most cost-

effective way to produce from Venezuela's vast

reserves. The integration of geology and geo

physics has accounted for a reduction in the risk

of interpreting structurally and sedimentologi-

cally complex areas throughout the Venezuelan

oil provinces. As a result average exploration

costs are in the order of only $1 per barrel.

For several years, key production technologies,

such as horizontal completions,
electrosubmer-

gible and progressive cavity pumps, multiphase

pumping and metering, have been successfully

deployed in the Orinoco Oil Belt. As a result,

production costs have been cut by more than

50 percent during the last decade and are cur

rently around $1 .50 per barrel.

The development of Orimulsion by INTEVEP

will allow commercialization of a great deal of

the extensive natural bitumen reserves of East-

em Venezuela. Orimulsion is an emulsion of

extra-heavy oil, water and a surfactant, devel

oped to compete with coal as an environmen

tally preferred boiler fuel. The emulsion con

tains 30 percent water with a calorific value

around 13,000 BTU per pound. On-going re

search at PDVSA-INTEVEP aims at a new

generation emulsion containing only 20 percent

water with less surfactant and higher calorific

value. Present production reaches 4.1 million

tonnes per year with plans to increase produc

tion to 32 to 34 million tonnes for the year 2007.

PDVSA-INTEVEP has also developed a new

upgrading technology for heavy/extra-heavy oils

and bitumens which can be utilized in the con

version of the vast resources of the Orinoco

Belt. The process, called AQUACONVERSION,
allows for the conversion of non-conventional

oils with gravities in the range of 8 to
10

API, to

a syncrude oil at
16

API or better. Scale-up
and commercial application studies of this tech

nology are being carried out throughout an alli

ance between PDVSA-INTEVEP, UOP and

FosterWheeler.

PDVSA-INTEVEP is also carrying out research

to try to establish the actual production mecha

nisms for the heavy/extra-heavy oils and natural

bitumens of the Orinoco Belt by means of

foaming
crudes."

This concept by which certain

heavy oils can be produced as gas-oil disper

sions, is being thoroughly studied and charac

terized. Promising results have permitted the

development of a methodology to evaluate
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oam stability and gas entrapment behavior in a

variety of viscous crudes. The increased re

covery factors associated with this phenome

non, (more than 15 percent in some cases), are

beginning to be observed at field operations in

the Orinoco Belt.

The Venezuelan Oil Opening and the

Orinoco Oil Belt

The end of the
20th

century is bringing changes

to the Venezuelan Oil Industry. The return of

"Oil
Majors,"

and many others, is being looked

upon as a new era for the Venezuelan Oil Busi

ness. Petroleos de Venezuela is planning to

increase exploration and production spending

through 2007 to some US$73 billion from pres

ent US$65 billion. All of these efforts with third

parties are sought to contribute to a production

increase of more than 2.0 million barrels of oil

per day by year 2007.

As an incentive to third party investments the

Venezuelan national government has estab

lished a special fiscal treatment consisting of a

reduction from 67.7 to 34 percent fiscal pay

ment. This amendment to the income tax law,
establishes a new advantage for the associa

tions that the Venezuelan oil industry has been

able to promote.

So far, four oil licensing rounds have been con

ducted by Petroleos de Venezuela. The result:

eight Profit-Sharing Agreements in new areas

and 33 Operating Agreements in inactive and

mature fields. In addition, the exploitation ofthe

Orinoco Oil Belt through four muitibillion-dollar

strategic associations is under way. Each one

of these associations will be handling some

150,000 barrels per day of non-conventional

crudes with gravities ranging from 8 to
10

API.

By applying the latest technological advances

these companies will produce some

600,000 barrels per day of a 15 to
31

API syn

crude. Nine additional associations are cur

rently under consideration, including ARCO for

the AQUACONVERSION scheme, Shell-

Texaco, BP, Amoco and Marathon for some

upgrading projects, and CNPC for Orimulsion.

Conclusions

The increase in Venezuela's production poten

tial is a tremendous challenge. To keep up cur

rent production of 3.4 million barrels per day
requires generation of over 700,000 barrels per

day from the associations and joint-ventures

with the private sector. Petroleos de Vene

zuela's long-term business plan calls for an in

crease in production to 6.7 million barrels per

day.

Venezuela is aiming at becoming the largest

occidental hydrocarbon producer in the next

century, doubling "its present oil production. To

meet this goal, a considerable amount of human

effort and financial resources are entering the

country with the Venezuelan Oil Opening.

TATARSTAN BITUMEN DEPOSITS

PROMISING FOR THE FUTURE

Tatarstan is one of the richest petroliferous ter

ritories of the Volga-Ural Province of Russia.

However, since 1977 a significant decrease in

volumes of oil recovery and a growing level of

consumption have prompted the Tatneft Joint-

Stock Company and the Government of The

Republic of Tatarstan to start a large-scale de

velopment project on prospecting, recovery and

processing bituminous rocks and heavy oils of

Permian deposits, and bituminous clay-siliceous

carbonate rocks of the Upper Devonian and

Lower Carboniferous, known as Domanikites.

G. Kayukova, of the Russian Academy of Sci

ences, Kazan, Tatarstan, Russia, et al. summa

rized the oil and gas generation potential of or

ganic matter in bituminous rocks occurring in

Tatarstan at the Seventh UNITAR International

Conference on Heavy Crude and Tar Sands

held in Beijing, China, in October.

A comprehensive geochemical study of organic

matter derived from the Devonian, Carbonifer

ous and Permian rocks has been performed. It
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includes an investigation of samples with the

Rock-Eval pyrolitic method; bitumen determi

nation in rock by solvent extraction and ther

mal analysis; examination of sample elemental

composition; component composition by means

of column adsorption chromatography; and

determination of physical and chemical proper

ties.

Permian Bitumens

Sugushlinskoye and Shugurovskoye fields by

their composition but differ from them by lower

sulfur content. At the same time, it is possible

to see that by a number of parameters (sulfur,

oils, resins, asphaltenes content) bitumens from

Tatarstan differ little from bitumens from Ath

abasca. An exception is bitumen from the

Spiridonovskoye field, attributed to asphaltites,

with asphaltenes and tars being 90 percent of

the content.

Heavy oil and natural bitumen reserves are sig
nificant in the Permian deposits of Tatarstan.

Their resources range from 2.5 to 20 billion

tons. Three oil bituminous complexes have

been differentiated in the Permian formations in

Tatarstan:

Low Permian-carbonate

Ufimian-terrigenous

Kazanian-carbonate-terrigenous

Bitumen deposits confined to terrigenous de

posits are located mainly at depths less than

150 meters. They occur at greater depths, from
250 to 400 meters, in carbonate reservoirs. Bi

tumens of Permian deposits of Tatarstan are

oxidized to a varied extent, and are highly vis

cous oils with fluid, semifluid and solid consis

tencies (viscosity from 600 to 440 thousands

MPa-s), with high sulfur content (3.7 to

7 percent), oil content from 5.5 to 68 percent,

tar content from 8.7 to 57 percent and asphal

tene content from 3.3 to 61 percent. The bitu

men content in deposits varies from 1 to

20 percent of the rock weight (40 to 98 percent

of pore volume).

In Table 1 the parameters of bituminous sands

from Karamay, Eriian-1 and Eriian-2 fields

(China) and Athabasca (Canada) are presented

for comparison. Similar to Tatarstan's bitu

mens, Chinese bitumens have heterogeneous

composition. The samples presented in Table 1

are distinctive by H/C ratio, oxygen content, and

sulfur as well as content of saturated hydrocar

bons, resins and asphaltenes. Heavy oils from

the Ashalchinskoye and Mordovo-Karmalskoye

fields are closest to bitumen from Karamay field

due to their composition. Mostly oxidized bitu

mens from Erlian fields are like ones from the

Production

Bitumen deposits in the sandstone band in the

Ufimian stage are widespread on the West

slope of the South Tatar arch and occur at an

average depth of 80 to 200 meters. The thick

ness of sandstones is as much as 30 to

40 meters. The sandstone bodies are 4 to

5 kilometers long and 2 to 3 kilometers wide.

Research and pilot-commercial work performed

in Tatarstan have shown the profitability in a

development of bituminous rock deposits by

applying thermal operations (in situ combustion,

steam injection). At a pilot area ofthe Mordovo-

Karmalskoye field, with open-hole techniques

and in situ combustion, high oil recovery was

achieved (27 percent). Displacement efficien

cies for bitumen from the Mordovo-Karmalskoye

field for different thermal operations include:

dry combustion 78.3 percent; wet combus

tion 78 to 84 percent; steam injection 70 to

75 percent; steam and chemicals injection 79

to 89 percent. However, in situ combustion ap

plications have been temporarily stopped at

Tatarstan's fields even pilot-commercial

tests due to high levels of sulfur and mercap-

tans resulting from thermal destruction of bitu

mens. When 1 ton of bitumen is recovered,

nearly 5,000 cubic meters of fresh air is neces

sary for injection into a bed, and may result in

the same volume of harmful combustion prod

ucts. After required technological improvement,

tertiary thermal operations may again be rec

ommended for these fields.

Processing

For economic reasons, development of natural

bitumens is not occurring in Russia but these
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TABLE 1

CHARACTERIZATION OF OIL-SATURATED SANDSTONES AND BITUMENS

China Canada Tatarstan

Mordovo-

Sugushlin- Shugurov- Spiridonov- Ashalchin- Ashalchin- Karmal-

Parameters Karamav Eriian-1 Eriian-2 Athabasca skove skove skove skove.458 skove.
195* skove.80*

Oil Sandstone

Composition,wt%

Bitumen 8.3 8.7 9.9 10.4 5.5 4.7 6.1 13.9 96.9 87.4

Water 0.6 1.0 1.4 3.5 - - 11.8 1.0 2.6 12.3

Solids 91.5 90.4 89.3 86.3 94.5 95.3 82.1 85.1 0.5 0.3

Bitumen

ElementalAnalysis, wt.%

Carbon 86.1 84.5 80.8 83.1 82.7 79.5 79.2 82.0 80.8 83.2

Hydrogen 11.2 10.1 9.7 10.1 10.2 8.6 9.5 12.0 10.5 11.0

Sulfur 0.5 2.6 42 4.8 4.7 4.5 6.1 42 4.6 4.7

Nitrogen <0.3 <0.3 <0.3 0.4 0.4 0.6 0.2 0.5 0.5 0.3

Oxygen 2.0 2.3 4.9 1.1 2.0 6.8 5.0 1.3 3.6 0.8

H/C Atomic Ratio 1.56 1.42 1.45 1.52 1.48 1.30 1.44 1.76 1.55 1.48

Hydrocarbon Group

Composition,wt%

Saturates 42.0 22.5 13.9 22.0 19.7 14.1 4.8 26.0 28.0 37.4

Aromatics 14.7 17.1 7.8 21.0 28.3 17.2 3.2 25.5 29.3 29.7

Resins 37.2 49.6 54.4 39.0 40.5 55.2 40.0 38.0 36.9 26.9

Asphaltenes 6.1 10.8 23.9 18.0 11.5 13.5 52.0 10.5 5.8 6.0

'Bitumen produced from the wells by openhole techniques

resources are expected to take a proper place in

a crude production industry in the future, say
Kayukova et al.

Bituminous Rocks of the Domanik

Formation

There are potentially prospective but poorly
studied bituminous clay-silicate carbonate rocks

of Upper Devonian-Semiiukskian and Mendyn-

skian deposits, known as
"Domanikites."

They
occur over regional oil-bearing horizons of terri

genous Devonian formations. There are a

number of areas of the South and North Tatar

arches where heavy oil inflows (0.2 to 100 tons

per 24 hours) were obtained and numerous oil-

gas shows were found while drilling.

No doubt, these Domanikites are a matter of

interest as one of the sources to extend hydro

carbon stock basis. However, the potential for

possible utilization is significantly lower due to

the difficulty of low-permeable carbonate reser

voir development. That development becomes

complicated due to clay and silicate substances

present in the porous media as well as highly
heterogeneous lithology caused by the forma

tion features.

Semilukskian and Mendynskian deposits are still

poorly studied.

Hydrothermal Effect

The development of bituminous resources

will require the comprehensive development
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of hydrothrmolysis processes, say
Kayu-

kova et al.

Experimental results demonstrate the impor

tance of knowledge about chemistry of fuel

minerals considered as a source of hydrocarbon

stock and their possible conversions in various

natural and technological processes. Prelimi

nary data testify to the ability of kerogen from

bituminous rock to produce oil-like hydrocar

bons, and allows the consideration of these

rocks with diminished oil-saturation but in

creased content of insoluble organic matter as

promising for processing by hydrothermal meth

ods. However, the formation of asphaltenes in

high concentrations, with insoluble carbonic

substances among them, and also non-mobile

solid n-alkanes capable of sealing off porous

space in low-permeable reservoirs can present

serious problems in their development.

Barriers to Development

comprehensive development of resources of

multilayer fields with geological and
hydrody-

namic modeling of complex reservoirs. Invest

ments in the technologies for deep refinement

of high-viscous, high-sulfur oils with utilization of

liquid and solid wastes are also necessary. The

"Law on the Status of Approved Investment

Projects with Participation of Foreign
Investors"

passed by the Tatarstan Government in 1996 is

one of the tax relief measures promoting in

vestments in the petroleum industry.

Tatarstan is still a large and promising resource

base for the fuel industry of Russia. Oil produc

tion is stabilized at the level of 25 million tons

per year. Bitumen production may reach

250,000 tons by 2000. The recoverable re

serves are estimated at near 800 million tons

and prospected onesover 1 billion tons. De

spite some difficulties, Tatarstan can look for

ward to developing these resources, say
Kayuk-

ova et al.

There are many technical problems in the de

velopment of poorly accessible reserves of

heavy oils and natural bitumens in Tatarstan:

Need for complete modernization of

flooding systems and increases in drilling
efficiency.

Improvement of water-insulating works

and wells, improvement in pumping uplift

for oil recovery, introduction of modem

equipment for oil extraction.

It is necessary to solve the problems of

profitable recovery of natural bitumen

deposits mainly by interstratum (well-

drilling) methods.

To solve these problems, large capital invest

ments are needed, say Kayukova et al. A com

prehensive development of the Ashalchinskoye

field with thermal operations and various proc

essing schemes is being provided in coopera

tion with McDermott International Inc., United

States. Investments are needed to explore and

exploit new fields, to use methods for well

stimulation, increase oil extraction, equipment

modernization, scientific research projects on

ORIMULSION CONTINUES TO DRAW

INTERNATIONAL INTEREST

Proven reserves of the Orinoco tar-based fuel

Orimulsion could last more than 200 years ac

cording to a statement from Bitor, the Vene

zuelan state company that markets the fuel.

Orimulsion is a suspension of bitumen in water,

which is marketed as an alternative to coal and

fuel oil for use in powerplants. International

sales ofthe product continue to grow.

US Department of Energy Offers Assistance

The United States Department of Energy (DOE)
has pledged to help Venezuela find markets for

Orimulsion in the American market.

At the end of a 2-day visit to Venezuela in Oc

tober, DOE Secretary B. Richardson said that

the Florida state decision not to allow the use of

Orimulsion does not reflect the federal govern

ment assessment of the qualities of the boiler

fuel.
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"We see the positive side, and will try to look for

alternative ways for Venezuela to launch its fuel

in other states and establish ties with other

American
companies,"

Richardson said.

India May Become Next Orimulsion User

India could become the next client in Vene

zuela's growing list of Orimulsion buyers, ac

cording to A. Navarro of PDVSA-Bitor.

Navarro said that in talks held last fall with In

dia's Power Minister the discussion centered on

India's 10-year plan to increase its electrical en

ergy output. Although India is a major producer

of coal, it does not have enough reserves to

fulfill all of its energy expansion requirements,

and will need to import either coal, gas or

Orimulsion to fill the gap.

Orimulsion has recently become a viable solu

tion to India's power needs because the Indian

government has reduced its tariff on Orimulsion

from 46 percent to about 2 percent, the same

rate that applies to coal.

Bitor must run some tests to evaluate Orimul-

sion's possible uses in India before going for

ward with any commercial contracts.

China May Take More Orimulsion

China has recently shown interest in buying
more Orimulsion to help fuel powerplants in that

country.

China would be asking for millions of tons of

boiler fuel in the next years, according to a

Venezuela official.

Current Customers

The list of Orimulsion buyers includes:

New Brunswick Electric Power, New

Brunswick, Canada. A 20-year contract

to supply up to 800,000 tons per year to

the Dalhousie electric plant (300 mega

watts).

SK Power, Asnaes, Denmark. A contract

to supply 1 .6 million tons per year to the

electric plant at Asnaes (650 mega

watts).

Lithuanian Satat Power System, Lithua

nia. A 20-year contract to supply up to

500,000 tons per year to the Elektranei

electric plant (100 megawatts).

Kashima Kita Electric Power Corpora

tion, Japan. A 5-year contract to supply
355,000 tons per year to the Kashima

energy plant.

China National United Oil Corporation,
People's Republic of China. A 1-year

contract to supply up to 1 million tons for

commercial testing, to electric plants and

the industrial sector in China.

Mitsubishi Chemical, Japan. A 5-year

contract to supply 300,000 tons per year

to the Mizushima energy plant.

Kansai Electric Power, Japan. A 1-year

contract to supply 200,000 tons per year

to the Osaka energy plant (150 mega

watts).

Arawak Cement Company Ltd., Barba

dos. Deliveries of 40,000 tons per year

to this plant began in 1997.

Hokkaido Electric Power Company, Ja

pan. A new 350-megawatt plant at Shiri-

uchi requiring 120,000 tons per year.

ENVIRONMENT

ENVIRONMENTAL CONCERNS DRIVING

TECHNOLOGY DEVELOPMENT FOR

ORINOCO PRODUCTS

In remarks prepared for the Fifth Aspen Energy
and Environmental Round Table held in Aspen,
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Colorado, in September, C. Borregales of Bitu-

menes Orinoco S.A. suggested that the partici

pants of the round table bear a tremendous re

sponsibility for the clarification of the "Energy
and

Environment"

debate. In his opinion the

long-term survival of any energy-related busi

ness activity depends on the degree of inter

nalization of an "environmentally
conscious"

attitude at all levels in those companies. It is

not any more merely the case of selling the idea

that companies are "environmentally con
scious,"

if their public acts later contradict that

message.

Borregales went on to discuss what has been

going on at Bitumenes Orinoco (Bitor) since the
inception of the company 10 years ago. The

outcome of the endeavor is called Orimulsion, a

particular solution to the "Energy and Environ
ment"

equation.

The energy aspect of Orimulsion consists of an

emulsion of heavy hydrocarbons in fresh water.

The heavy hydrocarbons come from the world's

largest bitumen province, the so-called "Orinoco

Tar
Belt."

Recoverable reserves at present

amount to 270 billion barrels. Impressive ad

vances in exploration and production technology
have been making even cheaper an energy

source that was already cheap. Major utilities

around the world are now convinced of Biter's

capabilities to ensure a reliable, stable and con

tinuous supply of energy. In addition to the ca

pability to maintain the physical supply, Orimul

sion provides a competitive advantage for

baseload generation of electricity to utilities un

der severe pressure in competitive markets.

With respect to the second term of the equation,

the
"Environment,"

Bitor found it imperative to

redefine the company's business principles in

consonance with a strong and appealing

"Environmental
Ideal,"

which led to a new busi

ness objective. In a few words, this objective

states that the essence of Biter's business is the

improvement of environmental conditions

through profitable operations in the usage of

energy. Although the foregoing statement looks

simple, Borregales says that it took years of ef

fort reshaping the thinking processes of the

company at all levels until an "environmentally

conscious"

attitude became a fundamental

characteristic of behavior.

In practice it was found later that an

"Environmental
Ideal"

is a powerful and moti

vating driver to deliver unique technological so

lutions. Each of these solutions is the materiali

zation of the environmental consciousness for a

particular energy need in the physical world.

Usually, it is thought to be the otherway around,

for example, that available technology defines

the type of environment we can afford.

Examples of this new attitude toward the envi

ronmental variable can be traced in day-to-day
activities. For instance, waterborne transporta

tion of Orimulsion must be cost-effective, but

without compromising on safety. To fulfill this

objective, Bitor has imposed the standard of

using only double-hulled tankers and has devel

oped meticulous contingency plans and built the

necessary equipment to respond immediately in

the unlikely event of a spillage, in open seas,

estuaries or port facilities, where the product is

unloaded. While the overall aim was to formu

late an optimum strategy for the transportation

of Orimulsion into the various markets over the

next 10 or more years, the immediate goal was

to establish a framework within which safe and

profitable transportation options can be devel

oped as sales build up.

In the marketing of Orimulsion, every project is

conceived as an environmental project, says

Borregales. Which means that the use of

Orimulsion should beat the best environmental

option and should improve existing conditions.

This is possible because if one takes into ac

count the leakage of low-molecular weight hy
drocarbons to the atmosphere and the total

emissions during the production and combus

tion, the units burning Orimulsion actually show

the best overall environmental performance.

This means that, in addition to substantial sav

ings on electricity bills, the use of Orimulsion

brings environmental benefits through reduced

emissions on an absolute basis. Bitor can ac

complish this feat because environmental regu

lations in North America, Europe and Japan for

sulfur dioxide are met with a desulfurization effi-
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ciency over 95 percent offered by most existing
technologies. Emissions of nitrous oxides by
Orimulsion with the use of low-NOx burners are

5 percent lower than with oil and 40 percent

lower than with coal. Extensive pilot tests have

also shown two-stage combustion of Orimulsion

allows for an additional 70 percent reduction in

NOx emissions. This is currently known as re

buming technology. Orimulsion is therefore

particularly suited to reduce emissions from coal

furnaces through rebuming technology, at virtu

ally no extra cost.

Currently, burning Orimulsion over an extended

period of time requires the installation of an

Electrostatic Precipitator (ESP) and a Flue Gas

Desulfurization (FGD) unit, as with most me

dium- to high-sulfur fuels. Although the invest

ments and operating costs of such units have

been reduced substantially, they still represent a

risk many utilities would not take while running

on oil. This is due to a volatile oil market that

does not guarantee the continuous operation of

a powerplant in an interconnected system,

where at any given point in time the highest cost

producer is shut down. Orimulsion, on the con

trary, with its competitive and stable pricing,

allows any unit burning it to run continuously
and hence provide the revenue necessary to

make attractive the installation of the necessary

pollution control equipment.

The disposal of the ashes is the other environ

mental issue that has occupied much thought

within Bitor, generating new ideas and solutions.

As a result, since 1 997, the ashes from the

combustion of Orimulsion in the Atlantic Basin

are collected and sent to the United Kingdom to

recover valuable metals. The ashes are proc

essed by Orbit Metallurgic (a joint venture be

tween Bitor and Stratcor USA), a profitable op

eration, in what is an unprecedented initiative

for a fuel producer.

These are some reasons why Orimulsion is be

ing used in countries like Denmark, Canada and

Japan, all with the strictest environmental regu

lations, says Borregales.

In the aftermath of the Kyoto Summit most en

ergy planners believe that sooner or later there

will be a new set of rules on carbon dioxide

emissions. Two things appear certain, says Bor

regales: less demand growth on the fuel side

and more efficiency in the use of energy. Bitor

has not been sitting idle waiting for this brave

new world, but has been working on the use of

Orimulsion in low- and medium-speed internal

combustion engines for combined-cycle appli

cations to reach efficiencies above 45 percent.

In the conventional steam turbine cycle Orimul

sion also shows intrinsic advantages because

carbon dioxide emissions are comparable to

petroleum and 15 percent lower than coal.

Thanks to feed water combined-cycle technol

ogy it is possible to increase the efficiency of

conventional coal-based powerplants to

40 percent (from 35 percent) by installing at the

front end, a number of internal combustion en

gines running on Orimulsion. As a result, the

coal-based powerplant increases its electricity

output, maintains the demand for coal, improves

its competitive position and reduces the carbon

dioxide emissions per unit of electricity gener

ated.

In addition, Orimulsion has out-performed most

fuels when used in gasification processes either

for electricity generation or for carbon-

chemistry, showing the lowest capital and oper

ating costs.

Bitor is also developing a wide range of applica

tions for Orimulsion to mitigate some of the

environmental problems of the coal industry.

Orimulsion can solve, in profitable conditions,

the handling of coal fines. The unique proper

ties of the bitumen emulsion show extraordinary

advantages in agglomerating coal fines into

logs, as agents to control dust problems and to

increase the calorific value of coal through more

efficient dewatering.

Orimulsion production capacity of 6.5 million

tons per year is currently running flat-out to sup

ply clients around the globe, says Borregales.

But none of this accomplishment would stand on

solid ground without first having changed atti

tudes toward the environmental variable.
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RESOURCE

STATUS OF U.S. HEAVY OIL AND TAR SAND

RESOURCES UPDATED

The United States has significant deposits of

both heavy oil and tar sand. Heavy oil has been

produced in large volumes for many years using

primary, secondary and Enhanced Oil Recovery

(EOR) methods. Efforts have been made to

produce hydrocarbons from tar sand for more

than 100 years. However, most of these efforts

were limited to periods of oil shortages, and did

not result in sustained production of significant

volumes of hydrocarbons. At present, small

volumes of tar sand hydrocarbons are produced

using wells.

The extent and distribution of heavy oil and tar

sands resources, status of production efforts,

trends and the challenges faced in improving
utilization of the resources were reviewed by
E. Hanzlik of Texaco E&P Technology Depart

ment at the Seventh UNITAR International

Conference on Heavy Crude and Tar Sands

held in Beijing, China, in October.

Heavy Oil

The United States heavy oil resource has an

estimated Original Oil In Place (OOIP) volume

of 104 billion barrels. The majority of the re

source is found in California (73 percent) and

Alaska (19 percent). (See Table 1.) With re

spect to commercialization potential, it is useful

to look at the distribution of resource size. The

median OOIP for 119 identified California heavy
oil reservoirs is 77 million barrels compared to a

median size of 6 million barrels for the 309 other

heavy oil reservoirs in the continental United

States. Thus, the average heavy oil target in

California is more than 10 times larger than

those found elsewhere in the continental United

States.

In addition to having large volumes of oil in

place, typical California heavy oil reservoirs

have favorable reservoir properties. This com

bination of abundant large heavy oil accumula

tions plus favorable reservoir properties led to

California becoming the leader in United States

heavy oil production.

The existence of major heavy oil deposits on

the Alaskan North Slope has been known

since 1969, and estimates of total heavy oil in

place range up to 40 billion barrels.

Approximately 700,000 barrels oil per day

(bopd) of heavy oil is produced in the US. Of

this, California accounts for more than

90 percent. The remaining production is scat

tered.

California - In 1997 California produced

654,000 bopd (70 percent) of heavy oil. This is

20 percent below the peak heavy oil production

rate of 829,000 bopd in 1986. California's

heavy oil production rate has been stable for the

past 3 years. There are 30,000 producing

heavy oil wells, resulting in an average per well

production rate of 22 bopd. Most of the heavy
oil production (403,000 bopd) is attributable to

steam injection operations. The remainder is

from primary production and water injection,

with a small contribution from in situ combus

tion. Nearly 80 percent of its heavy oil produc

tion is from seven on-shore fields in which large

thermal recovery operations are in place. All

but one of these fields (San Ardo) are in the

San Joaquin Valley.

Thermal recovery of heavy oil has become a

mature industry in California. As is common

when an industry matures, significant consolida

tion has occurred. Consolidation of property

positions has a number of advantages in ther

mal recovery. In addition to the economies of

scale possible through larger centralized facili

ties, it is possible to improve recovery effective

ness by operating large contiguous portions of a

field as a coherent system.

Another trend which has affected the economic

efficiency of thermal operations is that of using

facilities which produce both electrical power

and steam (cogeneration). The steam is used in

EOR operations while excess electrical power is

sold. Cogeneration has become a major source

of steam for California thermal operations, it
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TABLE 1

UNITED STATES HEAVY OIL RESOURCE BASE

OOIP %of

Reoion (Billion Bbls) Resource Base

California 75.8 72.7

Alaska 20.0 19.2

Gulf Coast 5.7 5.5

Rocky Mountains 1.8 1.7

Mid-Continent 0.8 0.8

Permian Basin 0.1 0.1

Total 104.2 100.0

provides nearly half of steam injection volumes

and more than 2,000 megawatts of power.

These projects substitute for 210 conventional

oil field steam generators.

Alaska - Alaska is just beginning commercial

production from the West Sak heavy oil reser

voir, which contains an estimated 1 5 billion bar

rels of oil in place. The first phase of commer

cial development has begun, with the first well

going on production in December 1997. This

first phase consists of 50 wells and is expected

to result in a production rate of 7,000 bopd in

early 1999. Further development is expected to

lead to 70,000 bopd production rates by 2005.

Challenges - Although heavy oil recovery is a

mature industry in the US, it still has a number

of challenges, including:

Improving recovery of heavy oil from

naturally fractured reservoirs

e Better understanding and use of geome-

chanics in project design, use of seismic

monitoring

Reduction in oil remaining in the portion

of the reservoir not contacted by steam

Tar Sands

According to Hanzlik, the US has a total tar

sand resource of 58.1 billion barrels, of which

22.4 billion barrels are considered to be meas

ured and 35.7 billion barrels speculative. As

shown in Table 2, one- third is located in Utah,

with an additional one-sixth located in Alaska.

The median size for measured resources is ap

proximately 400 million barrels and about

180 million barrels for speculative resources.

The nature of these tar sand accumulations is

highly variable. Significant accumulations can

be found at the surface or relatively deep sub

surface, in consolidated or unconsolidated

sands, in limestone, or in diatomaceous facies.

Some are found in conjunction with heavy oil

fields.

Attempts to produce US tar sands have oc

curred sporadically for well over 100 years. Al

most all of these early efforts were based on

surface mining and retorting. Major efforts to

establish large-scale commercial tar sand pro

duction in the US were again undertaken in the

late 1970s and early 1980s. Significant projects

were attempted in California, Utah, Texas,
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TABLE 2

UNITED STATES TAR SAND RESOURCE BASE

Million Barrels %of

State Measured Speculative Total Resource Base

Utah 11,870 7,450 19,320 33

Alaska 10,000 10,000 17

California 2,710 5,540 8,250 14

Alabama 1,760 4,600 6,360 11

Kentucky 1,720 3,380 5,100 9

Texas 3,870 910 4,780 8

Other 470 3,820 4,290 7

Total 22,400 35,700 58,100 100

Oklahoma and Kentucky.

1986 ended these efforts.

The price collapse of

Today a small volume of production is obtained

from subsurface deposits. Most comes from

deposits associated with heavy oil fields. It is

estimated that 1997 production was approxi

mately 1 ,500 to 3,000 bopd from several loca

tions within California.

Challenges - Perhaps the most significant im

pediment to development of economic tar sand

projects in the US lies in the nature of its tar

sand deposits compared to those which are

economically produced in Canada.

For example, the major Utah deposits are in

consolidated sandstone, which makes mining

more expensive. Texas has three major tar de

positsthe San Miguel D and Hensel sands and

the Anacacho limestone. The Anacacho has an

extensive outcrop and has been mined for road

materials. The San Miguel D outcrops, but the

majority ofthe deposit is 800 to 2,000 feet deep.

The Hensel is found at a depth of 1 ,000 feet.

In California small volumes of tar sand hydro

carbons are being produced from subsurface

deposits using steam stimulation operations.

Steam displacement and in situ combustion ef

forts have generally been able to mobilize hy
drocarbons in subsurface deposits although they
have not been economically successful at vis

cosities typical of tar sand bitumen. Recent de

velopments in the commercialization of the

Steam Assisted Gravity Drainage (SAGD) proc

ess invented in Canada are likely to find appli

cation in selected tar sand areas of California.

SAGD has the potential to significantly improve

recovery over that possible from cyclic steam

stimulation.

California also has near-surface tar sand depos

its. Two of these are relatively unique in

North America, as they consist of oil saturated

diatomaceous earth. Pilot plants operated by
Texaco at the McKittrick diatomite deposit dur

ing 1981-1985 (during which 21 ,000 barrels of

hydrocarbons were produced) resulted in the

development of an improved solvent process

which both accommodates and makes use of

the unique properties of the diatomaceous

earth. The process appears to be both robust

and less expensive than the earlier processes,

says Hanzlik.
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COMMERCIALAND R&D PROJECTS (Underline denotes changes since January 1998)

ASPHALT AND OILS FROM TAR 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
surface mine and water extraction ofbitumen followed by clean

up and treatment ofbitumen to manufacture specification asphaltic products. JWBA has secured rights to patented technology developed at the

University ofUtah for extraction and recovery ofbitumen frommined ore.

JWBA has 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 extract high value 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

for precommercial and commercial developments.

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

Commercial Facility: $135 million

AURORAMINE - Syncrude Canada, Ltd. (T-l5)

The Aurora Mine is located about 35 miles 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 the AuroraMine, scheduled to be started in 2000.will have an initial production level of35 million barrels ofbitumen per year.

BITUMOUNT PROJECT - Solv-Ex Corp. (T-20)

In 1988, Solv-Ex acquired the 5,874-acre Bitumount Lease (Alberta Oil Sands Lease Number 7276120T05) containing about 300 million

barrels of recoverable bitumen in the Athabasca region ofAlberta, Canada. This lease will be used to produce pipelineable oil and to recover

metals, principally alumina, and possibly precious metals, using Solv-Ex technology. This technology combines continuous extraction/hot water

treatment ofthe sands without the use ofconventional solvent stripping, air flotation, or caustic. The bitumenwill be upgraded to produce oil and

the sands will be subjected to sulfuric acid agglomeration/leaching/crystallization to recoverminerals.

In 1994, Solv-Ex entered into an agreement with United Tri-Star (UTS) Resources, which holds a 10 percent working interest in the Bitumount

Lease, to complete a feasibility report and pre-development activities ofthe Bitumount Lease. UTS contributed C$3 million towards these ac

tivities. The feasibility report projects an operationwhichwill produce approximately 5. 1 million barrels per year.

Estimated capital cost ofthe oil production plant is $97.4million with an additional $125 million to cover transaction costs, contingency, and

construction period interest Financing for themineral extraction plantwill be totally separate from the oil production and will be added later.

All required permits for construction and operation are in place and construction is underway so that productive capacitywill be achieved to meet

the conditions ofthe lease. Production of 10,000 barrels per day ofbitumenmust bemet by December 1997.

In July 1995, Solv-Ex acquired the Fort Hills Lease (Alberta Bituminous Lease Number 7281020T52), a 50,000-acre tract adjacent to the

Bitumount Lease. The terms are the same as the Bitumount Lease except that the term does not expire until February 2002 and requires a daily
production of25,000 barrels to extend the lease beyond that date.

Project Cost $22 million

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

BRVI was created by a reorganization ofDiscoveryWest Corporation for the purposes ofdeveloping the RayrockYellowknife Resources Inc. oil
sand lease near Cold Lake, Alberta, Canada. This property is estimated to contain 700million barrels of in shu bitumen.

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

consistingprimarily ofa steam generation plant oil separation and storage facilities. The pilot plant at peak capacity, is expected to produce 600
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Additional changes (received after the report was printed):

CHRISTINALAKE THERMAL PROJECT - PanCanadian Resources. Ltd. (T-35)

PanCanadian are developing the Christina Lake Thermal Project in the McMurry Formation of the Athabasca Oil Sands near the town of

Conklin, Alberta. The project is a thermal heavy oil project to be developed in three phases. Phase 1 construction is scheduled to begin in 2000.

This construction conssits of surface facilities and two horizontal well pairs. Production is expected to approximately 2.000 barrels per day.

Additional facilities are planned for Phases Two and Threewith construction beginning in 2002.

SENLAC STEAM ASSISTED GRAVITY DRAINAGE (SAGD) PROJECT - CS Resources Ltd (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 inMarch 1995. Operational difficulties and start-up difficulties were caused by failure ofthe sand-control devices in the
wells.

An alternatemeans ofsand control has been tested on an infill well pair and hasworkedwell, leading to greatly improved SAGD performance.

The Senlac Project has steam capacity to support daily production of4.000 barrels per davwith a peak of5.000 barrels per dav. This production

is expected to be achieved in 1999 using three additional well pairs thatwere drilled in 1998.

Project Cost: $30 million (initial capital cost)



 



STATUS OFOIL SANDSPROJECTS (Underline denotes changes since January 1998)

COMMERCIALAND R&D PROJECTS (Continued)

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 per day over a 30-year life, are expected to begin operation

by 2001.

Project Cost: $8million

BURNT LAKE PROJECT - Suncor Energy Inc., Amoco Canada Petroleum Company Ltd. (T-30)

The Burnt Lake in sftu heavy oil project is located on the Burnt Lake property in the southern portion ofthe Primrose Range in northeast Alberta.
Burnt Lake 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, 44 wells in two clusters and 7 delineationwells had been drilled and cased.

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

using a progressive cavity pump. 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 injector well 5 meters above the producer well. Suncor

expects to recover 60 percent ofoil-in-place.

Phase I construction started in the second quarter of 1996. Three horizontal well-pairs 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. IfPhase I is successful and economics are favorable, Phase

2 could begin in 1999.

Project Cost: $25 million (Can), Phase 1

$100 million (Can), Phase 2

CERRO NEGRO ORINOCO TAR SANDS PROJECT - Mobil and Lagoven (T-135)

The Cerro Negro project (Operadora Cerro Negro, or OCN) is a joint venture involving Mobil Corporation f41.67 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 dav of synthetic crude. Of this. 87.500 barrels per dav will be transported to the joint-venture Mobil/PDVSA Chalmette

refinery nearNew Orleans. Louisiana.

Field production is scheduled to begin in 1999 at a rate of 60.000 barrels per dav and reach 120.000 barrels per dav 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 crudewill be refined at their joint-venture Chalmette refinerywhileVeba's share will go to the Ruhr

Oel refinery inGermany. This refinery is a joint venture ofPDVSA and Veba.

Project Cost: $2.5 billion

CHRISTINALAKE THERMAL PROJECT - CS Resources, 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 heavy oil project to be developed in three phases. Phase 1 construction is scheduled to begin in

1998. This construction conssits of surface facilities and 3 to 5 horizontal well pairs. Production is expected to achieve between 7,000 and

10,000 barrels per day. Additional facilities are planned for Phases Two and Three wfth construction beginning in 2000.

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-40)

Kirkwood Oil and Gas is forming a combined hydrocarbon unft to include all acreage within the Circle Cliffs Special Tar Sand Area, excluding
lands within Capitol ReefNational Park and Glen CanyonNational Recreational Area.

Work on this project was suspended in 1990 until an Environmental Impact Statement can be completed.

Project Cost: Not disclosed
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CROWN ASPHALT RIDGE OIL SANDS PROJECT - Crown Energy Corporation,MCN Energy Group (T-55)

Crown Asphalt Ridge. LLC, a joint venture between Crown Asphalt Corporation, a whollv-owned subsidiary ofCrown Energy Corporation, and

MCNIC Pipeline and Processing Company, a wholly-owned subsidiary ofMCN Energy Group, has completed construction of its $19 million oil

sand production facilfty at Asphalt Ridge near VernaL Utah. The venture plans to produce up to 125.000 tons ofpremium asphalt per year from

fts approximate 20 million ton reserve. Commercial operations are planned to commence in January 1999 wfth additional facilities developed as

market conditionswarrant

ProjectCost $19 million

DOVER SAGD PROJECT - Chevron Canada Resources Limited, Imperial Oil Ltd, Gibson Petroleum Corp., Northstar Energy Corporation, Petro

Canada Inc., ChinaNational PetroleumCorporation (T-2S0)

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

testing novel in sftu recovery technologies based on horizontalwells, in the Athabasca oil sands. The facilfty is located 70 kilometers northwest of

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

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

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

Two processes were selected for initial testing: steam assisted gravity drainage (SAGD), and Chevron's proprietary HASDrive 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 a blowdown phase until the fall of1990.

Both tests were technical successes. In the case ofthe Phase A SAGD test * 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 wfth the drivage of550meters ofadditional tunnel, for a total ofabout

1,500 meters. Phase B is a direct scale up ofthe Phase A test usingwhat is currently thought to be the economic optimumwell length and spac

ing. The test consists ofthree pairs ofhorizontalwells, with completed lengths of600 meters and 70 meter spacing between pairs. Eachwell pair

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

1990/1991. The contractual obligations for Phase B operations have been concluded. Phase A produced over 130,000 barrels ofbitumen

Phase B steaming commenced in September 199 1, thenwas shut-in temporarily to construct larger facilities. Production was started up in early

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

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

significantly enhanced by drilling these wells from the surface. Two additional horizontal well pairs wfth 750 meters completed length were

drilled from surface. Facilities additions were made to allow start-up testing ofthese two surface well 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 will begin steaming in 1998. Coupled wfth an increase in steam generation capacity as well as the

partial reuse of produced water using a warm caustic system and silica reduction. Production will be sustained at 2.500 barrels per day as

production from the Phase B underground wells declines. Steaming ofthe B wells will cease and reservoir pressure will be maintained by the
injection ofnatural gas.

ADOE states that this newmethod ofbitumen production is amajor technological breakthrough and that bitumenmay eventually be produced for

underC$7 per barrel, whichwould be less costly thanmost current in sftu bitumen production.

Northstar Energy Corporation has acquired controlling interest in the Underground Test Facilfty and will become the operator, effective

January 1, 1998.

Project Cost $150 milhon

EYEHILL IN SITU COMBUSTION PROJECT - MurphyOil Company Ltd. (T-l 15)

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 of nine 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-spot was 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 injection wells was completed in February
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1982. The pilot is fully on stream. Partial funding for this projectwas provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The
pilot was given theNewOil Reference Price as ofApril 1, 1982.

The pilot has 40 feet ofpaywfth most ofthe project area pay underlain bywater. Reservoir depth is 2,450 feet Oil gravity is 14.3 degrees APL

viscosity 2,750 Cp at 70 degrees F, porosfty 34 percent and permeability 6,000 md.

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, wfth 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.

Project Cost: $20 million

HANGINGSTONE PROJECT - Japan Canada Oil Sands Limited (JACOS), Petro-Canada, Canadian Occidental Petroleum Ltd., and Imperial Oil

Ltd (T-l 18)

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

closest community ofAnzac. The project will be operated on an existing sfte. where the ground has already been surfaced and the access road

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

JACOS will employ the Steam Assisted Gravity Drainage (SAGD")method for the Hangingstone 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 bv the injection of steam into the sands.

where it is then brought to the surface.

Stage 1 ofthe project consists ofdrilling and construction oftwo SAGD pairs. Construction ofStage 1 will be completed bv December 1998. and

operationwill start in early 1999. Stage 2will establish the next three SAGD pairs in 1998 and 1999. and Stage 3. scheduled for 2000 and 200 1.

will establish threemore SAGD pairs.

IMPERIAL COLD 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 beingused 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

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

in 1993. followed bv Phases 9 and 10 in 1995.

Scheduled developmentwork will maintain production at 125.000 barrels ofbitumen per day for 1999.

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 generation ofelectrical power and steam The expansionwould involve spending aboutC$550 million over the next

4 years to drill 600 wells, as well as a new bitumen processing plant wfth cogeneration facilities. Startup is currently scheduled for late 2002.

This expansion is expected to add another 30.000 barrels per dav to Cold Lake production.

ProjectCost Approximately C$1.6 billion for the pilots and first 10 phases and C$550 million for Phases 11-13

McKITTRICKDIATOMACEOUS EARTH PROJECT - Texaco Inc. (T-132)

Texaco placed its Diatomfte Project located at McKfttrick 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 of300milhon barrels of21 to 23 degrees API oil from

the oil-bearing diatomite deposits
which he at depths up to 1,200 feet Various options, including open pitmining and back filling techniques, are
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under consideration as of 1997. Texaco has evaluated a process to extract the oil wfth a solvent and continues to research other options to

recover oil from the diatomite deposit

Project Cost: Undetermined

MURPHY OIL LINDBERGH COMMERCIAL THERMALRECOVERY PROJECT - MurphyOil Company Ltd. (T-137)

Murphy Oil Company Ltd., has completed construction and startup of a 2,500 barrel per day commercial thermal recovery project in the

Lindbergh area ofAlberta. Project expansion to 10,000 barrels per day is planned over nine years, wfth a total project life of30
years. The first

phase construction ofthe commercial expansion involved the addition of53 wells and construction ofan oil plant, water plant and water source

intake and line from theNorth SaskatchewanRiver.

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience wfth the pilot project at

Lindbergh, the company expects recovery rates in excess of 15 percent ofthe oil in place. Total production over the life ofthis project is expected

to be in excess of 12 million cubic meters ofheavy oil.

The project uses a huff-and-puffprocess wfth about two cycles per year on eachwell. Production is from the Lower Grand Rapids zone at a depth

of 1,650 feet Oil gravity is 1 1 degrees APL and oil viscosity at the reservoir temperature is 85,000 centipoise. The wells are directionally drilled

outward from common pads, reducing the number ofsurface leases and roads required for the project

The project was suspended for a year from September 1988 to August 1989 when three wells were steamed. The project returned to production

on a limited basis in the last quarter of 1989. Initial results were encouraging, saysMurphy, but an expansion to full capacity depends on heavy
oil prices,market assessment and operating costs.

The projectwas shut-in in late 1991. Engineering reviews ofcurrent and alternate technologies are underway.

In late 1993 a horizontal well was drilled, offsetting eight ofthe directionally drilled cyclicwells. Five ofthesewere converted to injection wells

and a steam drive process using the horizontal well as aproducerwas tested until January 1994, when the project was again shut down due to low

oil prices. The test ofthe horizontal/vertical steam drive process was restarted in June 1995. Two additional horizontal/vertical wells were drilled

in 1996 to further test this process.

Project Cost: $30million (Canadian) initial capital cost

MUSKEG RIVER PROJECT - Shell Canada Limited (75%) and The Broken Hill Proprietary Company Limited (25%) (T-138)

Shell Canada and The Broken Hill Proprietary Company (BHP) are moving forward wfth a feasibility study on a proposed C$3.4 billion

Athabasca oil sands project

Shell and BHP are spending more than C$100milhon on detailed commercial and technical evaluations ofthe 150,000-barrel per day project,
which includes:

MuskegRiver Mine

Corridor Pipeline

ScotfordUpgrader

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

conducted environmental studies and public consultation throughout the year. At the completion of the feasibility study in early 1999, the

companies will decidewhether or not to go aheadwfth the project whichwould startup in 2002.

The Muskeg River Mine is a C$1.4 billion surface mine and extraction facilfty on Shell's Lease 13 in Northeastern Alberta. A significant

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

regulatory approval in January 1998, started up in mid-1998 and is fully operational. The pilot plant provides information to develop the
detailed design ofthe full-scale extraction facility.

Tbe Scotford Upgrader is a C$1.9 billion projectwhichwill be built next to Shell's existing Scotford Refinery north ofFort Saskatchewan. The
Scotford Upgraderwill process 140,000 to 150,000 barrels per day ofbitumen from Shell's proposedMuskeg RiverMine.

The Corridor Pipeline is a C$500 million. 496-kilometer pipelinewhichwill transport diluted bitumen from Lease 13 to the ScotfordUpgrader.

BC Gas Inc. and ftswholly owned subsidiary TransMountain Pipe Line Company Ltd have joined Shell and BHP in the feasibility study now
underway.
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The Corridor Pipeline will transport 215,000 barrels per day of diluted bitumen from the Muskeg River Mine to the Scotford Upgrader. A

return line will carry 65,000 barrels per day ofdiluent back to theMuskegRiver Mine.

If the oil sands project is approved following the feasibility study, BC Gas and Trans Mountain will build, own and operate the Corridor

Pipeline. Construction is expected to begin in 2000, wfth shipping starting in 2002. At any time prior to 30 days after final project approval,

Shell and BHP have an option to take an equity interest ofup to 49 percent in the pipeline.

Regulatory hearings for the upgrader and themine portions ofthe projectwere held inOctober andNovember 1998.

Pending regulatory approval, and the successful completion of the feasibility study and other key technical and commercial milestones,

construction ofthe Scotford Upgrader is expected to begin in 1999. First processing is scheduled for the fall of2002 when production from
the

Lease 13 Project is scheduled to begin.

NEWGRADE HEAVY OIL UPGRADER (THE CO-OP UPGRADER) - NewGrade Energy, Inc., a partnership of Consumers Co-Operative

Refineries Ltd. and the SaskatchewanGovernment (T-140)

Construction and commissioning ofthe upgraderwas completed in October, 1988. The official openingwas held November 9, 1988.

The refinery/crude unft has been running atwell over 50,000 barrels per day ofheavy/medium crude. From that 34,000 barrels per day ofheavy
resid bottoms are sent to the Atmospheric Residual Desulfurization (ARDS) unft which performs primary upgrading. From there 16,000 barrels

per day is being run through the Distillate Hydrotreater (DHU)which improves the quality ofthe distillate fuel oil streams by adding hydrogen.

The 50,000 barrelsper day heavy oil upgrading projectwas originally announced in August 1983.

Consumers'

Co-Operative Refineries contributed their existing refinery to the project while the provincial government provided 20 percent equity

funds. The federal government and the Saskatchewan government provided loan guarantees for 80 percent ofthe costs as debt

NewGrade selected process technology licensed by Union Oil of California for the ARDS and DHU. The integrated facilfty is capable of

producing a full slate ofrefined products or alternately 50,000 barrels per day ofupgraded crude oil or any combination ofthese two scenarios.

Operations include the processing of over 50,000 barrels per day of heavy and medium Saskatchewan crude wfth approximately 90 percent

(45,000 barrels per day) being converted to a full range ofrefined petroleum products and the remaining 10 percent (5,000 barrels per day) being
sold as synthetic crude.

Operations in 1998 experienced a heavy crude oil charge rate ofup to 60.000 barrels per day, and the Atmospheric Residual Desulfurization

(ARDS) unft has had a charge rate of36.000 barrels per day. The Distillate Hydrotreater/Hydrocracker routinely operates at up to 17.000 barrels

per day.

The plant design capacities are: crude unft, 50,000 barrels per day; ARDS, 30,000 barrels per day; DHU, 12,000 barrels per day.

Financial restructuring took place in October 1994. Saskatchewan and
Consumers'

Cooperative each contributed $75 milhon dollars and will

share cash flow deficiencies equally up to $4milhon each per year. Canada contributed $125milhon and Saskatchewan assumed all remaining

guarantor committments.

ProjectCost $700milhon

PANCANADIAN ELK POINT OIL 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 recovery project 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 development of 16 sections ofland. By the end of 1990, 148 wellswere drilled.

PanCanadian expected Phase I recovery to average 3,000 barrels per day ofbitumen, wfth peak production at 4,000 barrels per day. Tentative

plans called for Phase II operations to start up in the mid 1990's wfth production to increase to 6,000 barrels per day. Phase HI was to go into

operation in the late 1990's, and productionwas to increase to 12,000 barrels per day.

Experimental steam stimulation (50 cycles) and steamflood (one pattern) lasted until mid-1990. Results were not encouraging and therefore all

steaming operations have been canceled. Another steaming process such as SAGD (Steam Assisted Gravity Drainage)may be attempted in the
future but no plans are currently in place.
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Although steaming has proved unsuccessful, primary production rates and cumulative recoveries are much better than originally anticipated

Recoveries as high as 12 to 20 percent on 20-acre and 10-acre spacing are expected utilizing slant
wells from pads. Consequently, the focus is

now on primary production.

Current production is estimated to be 16,500 barrels per day from 290 wells.

Project Cost Phase I = C$62 Milhon to date

PELICAN LAKE PROJECT - PanCanadian Petroleum Ltd (T-165)

CS Resources acquired from the original operator, GulfCanada, the Pelican Lake Project comprised of some 89 sections of oil sand leases in

north central Alberta. CS Resources acquired Devran's interest in the Pelican Project in September 1995. In July 1997 CS Resources was

acquired bv PanCanadian Petroleum Ltd. The Pelican Lake program is designed to initially test the applicability ofhorizontal production systems

wfth the penetration ofabout 1,500 feet ofoil sands in eachwell,wfth a view to ultimately introducing thermal recoverymethods. Wfth this tech

nique, amuch higher production rate is expected to be achieved without the use ofexpensive secondary recovery processes.

Drilling on the first horizontal well began January 30, 1988. By 199 1 a total of 17 horizontal wells had been drilled. Sand production has not

been a major problem and the production sand content is lower than in surrounding vertical wells. The drilling cost per horizontal meter has

dropped from $1,240 permeter in 1988 to $420 permeter in 1991.

An additional six horizontal wells were drilled in 1993. To increase reservoir exposure, one ofthe 1993 wells was drilled and completed using

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 of a

multilateral well in 1995 and 1996, increasing the total reservoir access to 4,000 meters from a single wellbore. In 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 per horizontalmeterwas reduced to $350 permeter.

In 1997, eleven conventional horizontalwells, 7 extended reach horizontal wells (>2,000meters) and 3 multi-lateralwells were drilled and put on

production. One ofthe three multi-laterals accessed approximately 7,880 meters of reservoir. The conventional wells were drilled, cased,
completed and equipped for $350 permeter, the extended reach for $375 per meter and themulti-laterals for $400+ permeter.

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 pipeline was installed.

Project Cost: Not disclosed

PETROLERAAMERIVEN ORINOCO TAR SANDS PROJECT - Petroleos de Venezuela S.A.. ARCO. Phillips Petroleum and Texaco Inc.

(T-167)

Petrolera Ameriven S.A.. is a joint venture involving Petroleos deVenezuela S.A. (PDVSA) (30 percent). ARCO (30 percent). Phillips Petroleum

(20 percent) and Texaco Inc. (20 percent). Initial production of
16

API heavy crude in theHamaca region will be 36.000 barrels per day.

In early 2003 production will be raised to 157.000 barrels per dav 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 through this phase will be $3.59 billion. A later phase will

lift production ofheavy crude to 215.000 bpd in 2006.

The upgrader will be built bv 2002. Itwill be constructed in two phases. The first phase will give Petrolera Ameriven a capacity of 165.000 bpd

and the secondwill add 50.000 bpd ofcapacity to fts capacity. The second phase is scheduled to be in operation bv 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. and Maraven SA for a 35-year venture to develop a 55,000-acre
tract in the Orinoco oilsands belt in Venezuela

Petrozuata is the 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 produced will be shipped to the Jose industrial district on the Caribbean

Coast for upgrading and tanker shipment
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Petrozuata S.A.. a joint venture of Conoco Inc. (50.1 percent) and PDVSA (49.9 percent') is the first joint-venture Orinoco project to go into

production. The company began filling fts 125-mile. 36-inch pipeline to Jose on August 30. 1998.

The 9 to
10

API crude is being mixed wfth lighter crude oil as a diluent for transport A parallel 20-inch line wilL after the upgrader is in

operation at Jose, return naphtha diluent to the main station in the field for reuse. As of 1998. 31 horizontal wells have been completed and

45 more are in various stages ofdevelopment

Full production will be 120.000 barrels per day. The upgrader the company is building will lighten the heavy crude to 19 to
25

API synthetic

crude oil wfth an output rate of 104.000 barrels per dav. Ofthis. 64.000 barrels per dav will go to Conoco's Lake Charles. Louisiana, refinery

while 39.000 barrels per davwill go to PDVSA's Cardon refinery. The upgrader is expected to be completed in the year 2000.

The pipeline has extra capacity to transport oil from other companiesworking in the Orinoco Belt and agreements are being negotiated

The Lake Charles refinery is capable ofprocessing 19 to
25"

API syncrude so that the costs in fully upgrading the Orinoco heavy oil into 33API

product are obviated. The coke produced by the upgraderwill be sold to Louisiana Carbon, a subsidiary ofConoco, as fuel for electrical power

generation.

Project Cost: $2.4 billion

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Energy Company (T-170)

Amoco (formerly Dome) proposed a 25,000 barrels per day commercial project in the Primrose area ofnortheastern Alberta. Amoco is earning a

working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company undertook a cyclic

steam pilot project in the area, which commenced production in November 1983. The 41 well pilot was producing 2,000 barrels per day of 10

degrees API oil in 1984.

The project received Alberta Energy Resources Conservation Board approval on February 4, 1986. A subsequent amendment to the original

scheme was approved on August 18, 1988. The 12,800 acre project 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

In 1989, Amoco undertook some additional work at the sfte 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 of the oil in place would be

recovered.

Amoco now plans tomodify the existing approval to use horizontal wells wfth 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) ofproduction wfth

the new technology. It is expected that this targetwould not be reached until the year 2010. Oil productionwould then bemaintained at this 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, wfth eachmodule having 16 horizontalwells on 4 pads. Until the turn ofthe century, construction activities on the

Primrose lands are expected to be the buildingofdevelopmentmodules described above and the addition ofsteam generating equipment at or near

the existing pilot plant sfte.

Amoco plans to use the WolfLake facilities for processing. They have built a 30 centimeter (12 inch) diameter pipeline between tbe Primrose
pilot sfte and theWolfLake plant to handle pilot production. Early after the start of commercial development a second pipeline will be run to

handle the initial commercial production. This will effectively use the extra treating capacity available at theWolfLake plant Once the Wolf

Lake oil treating facilities areworking to capacity, a plantmodification is proposed, possibly as early as 1998. This will allow for the treatment

atWolfLake of approximately 4,000 cubic meters per day (25,000 barrels per day) of oil from the Primrose Weapons Range property. After

receiving approval in 1995, these project changes are underway.

A further expansion beyond this 4,000 cubicmeters per day (25,000 barrels per day) level will be accomplished either by an addition to theWolf

Lake facilities or by constructing a new plant on the Primrose ProjectLands. Thiswill bring tbe total oil treating capacity for the Primrose Project

to the target ot 7,900 cubicmeters per day (50,000 barrels per day). This expansion would take place after the turn ofthe century (approximately
in the year 2005).
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Project Cost $1.2 billion (Canadian) capital cost
$140milhon (Canadian) annual operating cost

SCOTFORD SYNTHETIC CRUDE REFINERY - SheU 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 wfth 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 bv

Shell Chemicals Canada. The refinery and petrochemical plant officially opened September 1984 and now produces approximately

100.000 barrels per day.

Project Cost $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants

SENLAC STEAM ASSISTED GRAVITYDRAINAGE (SAGD) PROJECT - CS Resources Ltd. (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 inMarch 1995. Operational difficulties and start-up difficultieswere caused by the sand-control device in the wells and the hot

reservoir temperature (270C) prevented normal transport of liquids to the surface. An alternate means ofsand control has been developed and a

new concept using natural gas, has been introduced to lift the fluids to the surface.

The production recorded in 1996, 675 barrels per day, is expected to produce in excess of 1,000 barrels per day. The Senlac Project has steam

capacity to support daily production of5,000 barrels per day. This production is expected to be achieved by a combination of infill drilling in the

existing three-well pair pattern and drilling additional SAGDwells outside the pattern.

ProjectCost $30 milhon (initial capital cost)

SINCORORINOCO TAR SANDS PROJECT - Petroleos deVenezuela S.A.. Total and Statoil (T-184)

The most ambitious ofthe joint-venture projects in Venezuela's Orinoco Tar Belt Sincrudos de Qriente (Sincor). It is a joint venture between

Petroleos de Venezuela S.A. (PDVSA) (38 percent), the French company Total (47 percent) and the Norwegian company Statoil (IS percent).

Located in the Zuata region, the project is scheduled to begin production at the rate of 40.000 barrels per dav of
8.5

API extra-heavy crude in

November 2000.

This crudewill be diluted and piped to the coast via the Petrozuata pipelinewhere itwill bemarketed directly until an upgrader is built A total of

some 900 horizontal wells would be drilled: 160 for the startup. Average production will be about 1.250 bpd perwell.

Eventually. 204.000 bpd ofheavy crude will be produced, permitting upgrading to 180.000 bpd of
32"

API high quality synthetic crude.

Sincor has awarded a lump-sum turnkey contract ofover $350 million to Foster WheelerUSA Corporation for a six-drum, delaved-coking and

gas-recovery unft for the upgrader in Jose. Venezuela.

The project is scheduled for completion in 2001.

Estimated 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 the

35-year producing 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

Project cost: $4.3 billion

SOLV-EX/SUNCORTAILINGS RECOVERY PROJECT - Solv-ExCorporation (T-l86)

Solv-Ex entered into an agreementwith Suncor for a surface lease adjacent to the Suncor existing tar sands lease in Alberta, Canada (see T-190).

Under this agreement Solv-Exwill construct and operate a plant to demonstrate the Solv-Ex technology for recoveringmarketable metal products
from tbe Suncor tailingswhile detoxifying the containedwater and producing a residue that is environmentally suitable for backfilling.

Tbe agreement scheduled to expire by 2002, can be extended up to 5 years by Solv-Ex if the demonstration plant is meeting fts environmental
objectives.
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SUNCOR ENERGY INC. OIL SANDS - SuncorEnergy Inc. (T-190)

Suncor Energy Inc. was formed inAugust 1979, by the amalgamation ofGreat Canadian Oil Sands and SunOil Co, Ltd. In 1995, Sun Company
sold fts 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 ofFort McMurray, Alberta.

The plant has been in production since 1967. A three-step process is used to produce synthetic crude oil. First the sand is mined and transported

by hydro-transport and conveyors to the extraction plant Second, hotwater and steam are used to extract the bitumen from the sand. Third, the

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 1997 Suncor crude oil production from the oU sands operation averaged 79.400 barrels per day. Suncor is currently commissioning an

expansion ofits Fixed Plants (C$310 milhon) and the new SteepbankMine (C$360 milhon). Production levels are targeted to average 90.000 to

95.000 barrels per day by late 1998 and 105,000 barrels per day by 1999. In July 1997 Suncor announced ft was undertaking a C$2.2 billion

major expansion known as ProjectMillennium, enabling production levels to increase to 210,000 barrels per day by 2002. An initial production

enhancement phase (C$190 milhon) and detailed engineering (C$90 miUion) are underway. Pending timely regulatory and Board ofDirectors

approvals, construction wiU commence in the first halfof 1999.

SYNCO SUNNYSIDE PROJECT - Synco EnergyCorporation (T-220)

Synco EnergyCorporationofOrem, Utah, is seeking to raise capital to construct a plant at Sunnyside inUtah's Carbon County to produce oU and

electricity from coal and tar sands.

The Synco process to extract oil from tar sands uses coal gasification to make a synthetic gas. The gas is cooled to 2,000 degrees F bymaking
steam and thenmixedwfth the tar sands in a variable speed rotary kiln. The hot synthetic gas vaporizes the oil out ofthe tar sands and this is then

fractionated into amixture ofkerosene (jet fuel), diesel fuel, gasoline, other gases, and heavy ends.

The syngas from the gasifier is separated from the oU product the sulfur and CO2 removed and the 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 the hydrogen-rich syngas from

the gasified coal lends to good cracking and hydrogen upgrading in the kiln.

The plantwould be built at Sunnyside, Utah, near the Cfty ofPrice.

There is a reserve offour billion barrels ofoil in the tar sands and 230 milhon tons of coal at the Sunnyside sfte. Both raw materials could be

conveyed to the plant by conveyor belt

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products including
marketable amounts ofsulfur.

An application has been filed by Syncowith theUtah Division ofState Lands for an industrial special use lease containing the entire Section 36 of
State land bordering the town ofSunnyside, Utah. Synco holds process patents in theU.S., Canada and Venezuela and is looking for a company
to joint venture wfth on this project

The project continues to be on hold as ofyear-end 1998.

SYNCRUDE CANADA, LTD. - Imperial Oil Resources (25.0%); Petro-Canada (12.0%); AthabascaOil Sands Investments, Inc. (11.74%); Alberta

Oil Sands, LP. (10.0%); 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 Energy Limited (5.0%) (T-230)

Located near Fort McMurray, the Syncrude surface mining, extraction and upgrading plant produces 208.000 barrels per calendar day. The

original plant wfth a capacity of 108,000 barrels was based upon: oU sand mining and ore delivery wfth four dragUne-bucketwheel reclaimer-

conveyor systems; oil extraction wfth hotwater flotation ofthe ore foUowed by dilution centrifuging; and upgrading by fluid coking foUowed by
hydrotreating. During 1988, a 6-year $1.5 billion investment program in plant capacitywas completed to bring the production capability to over
155,000 barrels per calendar day. Included in this investment program were a 40,000 barrel per day L-C Fining hydrocracker, additional

hydrotreating and sulfur recovery capacity, and auxiliarymine feed systems as weU as debottlenecking ofthe original processes.

In 1995 production operating costs were C$13.69 per barrel Syncrude Canada Ltd. produced 12 percent ofCanada's crude oil requirements. In

1996 operating costswere C$13.70 per barrel. In 1997 costs rose to C$13.78

In 1992, Syncrude announced that ft is seeking approval from the Alberta Energy Resources Board (ERCB) to increase output by 28 percent
Thiswas approved in 1994.

THE SYNTHETIC FUELS REPORT. JANUARY 1999

3-39



STATUSOFOIL SANDS PROJECTS (Underline denotes changes since January 1998)

COMMERCIALANDR&D PROJECTS (Continued)

In September 1994, the Syncrude owners acquired two additional surfacemineable leases. These leases are estimated to contain 2.2 biUion bar

rels ofhigh-quality, low-cost recoverable bitumen resources. When added to the existing 2.1 biUion barrels ofremaining resources,
the plant has

feedstock for 54 years ofproduction at the 1995 production rate.

A major project in 1996-98 wiU be debottlenecking the upgrader and hydrotreating facility to help reach production targets, and opening the

NorthMine, a truck/shovel/hvdrotransport operation. The debottleneckwas completed in 1998. The first production train ofNorth Mine started

in fall 1997: the second trainwill be complete in fall 1999. Total investment for this project is C$500 million.

Syncrude is also studying alternative methods for sfte reclamation. During 1996, Syncrude reclaimed 212 acres ofland.

In 1998 the Svncrude owners approved an additional investment ofC$1 bilUon to undertake a second upgrader debottleneck and construct the

first train ofAuroraMine. These projects, to be completed by 2000. represent the second stages ofthe Svncrude 21 expansion. Under regulatory

review is a C$3 billion expansion ofthe upgrading facilities.

In 1997. Syncrude shipped about 76million barrels offts product now called Syncrude Sweet Blend.

ProjectCost Original base plant cost C$2.3 billion

Svncrude 21 C$6.0 biUion (total investment 1996-2007)

TACIUK PROCESSOR TECHNOLOGY - AlbertaDepartment ofEnergy andThe UMA Group Ltd. (T-232)

UMATAC Industrial Processes (UMATAC) of Calgary, 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 oU 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 million. UMATAC is the developer and supplier, and also the licensee for use oftheATP System.

UMATAC has developed amodified version ofthe Alberta Taciuk Process for use in processing used and contaminated lubricating oils for the

purpose of recovering a cleaned, refinable product oil. The application has strong potential for commercial use in treatment plants set up to

handle and dispose ofthe large quantities ofused oilswhich are otherwisewasted, stored or disposed bv less satisfactorymeans.

ThemodifiedATP reactor and system uses the ATP technology ofthermal treatmentwhereby the contaminated, dirty oil is heated, the water and

oil are vaporized and then the vapors are separately condensed. The products are 1) the water which is condensed from the steam product 2) the

oil condensed from the 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 oil is a cleaned product which is of value as a slip stream feedstock to an oil refinery process to produce refined petroleum

products. Typical yields of products are, on a mass basis, in the range of 80 to 90 percent product oit 5 to 15 percent solids residue and 4 to

8 percent noncombustible gases.

The solids residue is a small quantity, relative to the quantity ofthe contaminated source oil. This product must be disposed to a solids landfill or

an equivalent andmay require secondary treatment tomake ft suitable for this due to the high content ofheavymetals normally found in ft.

UMATAC developed the process through a program of laboratory testing and design in 1995. resulting in the manufacture of a plant wfth

capacity to process 400 barrels per dav ofused oils, wfth critical equipment installed to enable expansion to 800 barrels per dav capacity. This

plant in Saskatchewan. Canada, went on-stream in 1996 to produce recycled, marketable oil products.

The ATP is also suited for use in treating contaminated soils, sludges and wastes in environmental remediationwork. Typical applications are:

Cleaning and recovering oil fromwastes produced in oU field production and operations ofoil refineries and petrochemical plants;

Clean up of soils or other materials which are contaminated wfth PCBs or other heavy organic compounds, such as coal tars and

industrial chemicals.

Organics and water are separated by anaerobic thermal desorption as vapors which are removed from the soUds fraction and condensed to liquids

in a second step ofthe system. The oil fraction is potentially recyclable, depending on the type ofcontaminant

UMATAC supplies the ATP technology under Ucense and also manufactures and supplies the ATP plant equipment for aU applications. The

ATP has been used commercially on soils remediation in theUnited States since 1990 by theU.S. Ucensee, SouTechATP Systems, Inc. A 10 tph

capacity plant has successfully completed PCB clean up offour Superfund sites.

ProjectCostTo Date: C$25 million (excluding commercial plant supplies)
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TANGLEFLAGS NORTH - CanadianNatural Resources, Ltd. andMurphyOil Canada Ltd. (T-233)

Tbe project located some 35 kilometers northeast ofUoydminster, Saskatchewan, near Paradise HiU, involves the first horizontal heavy oU weU

in Saskatchewan. Production from horizontal oU wells is expected to dramaticaUy improve the recovery ofheavy oU in the Lloydminster region.

The Tangleflags North PUot Project is employing drillingmethods similar to those used by Esso Resources Canada Ltd. in the NormanWells oU

field ofthe Northwest Territories and at Cold Lake, Alberta. The combination ofthe 500-meter horizontal production weU and steamflood

technology is expected to increase recovery at the TangleflagsNorth Project from less than one percent ofthe oU in place to up to 60 percent

The governments ofCanada and Saskatchewan provided $3.8 milhon in funding under the terms ofthe Canada-Saskatchewan Heavy OU FossU

Fuels Research Program.

Estimates indicate sufficient reserves exist in the vicinity ofthe pUot to support commercial development wfth a peak gross production rate of

8.000 barrels ofoU per day. Remainingproject life is estimated at 15 years wfth ultimate recovery about 25 milhon barrels.

The Tangleflags project has advanced to the continuous steam injection phase. Wfth 10 horizontal wells and 15 vertical steam injection wells in

place, the project is currently producing an average of5,000 barrels ofoU per day.

A project expansion targeted to achieve 8.000 barrels per day in 1998 has been approved. Three to four additional horizontal producers and five

vertical injectors wiU be added in 1998 alongwith a sixth boiler and additional treating andwater handling facilities. Cumulative oU production

projected to the end of 1998 wiU be 9 million barrels. This expansion has been deferred due to low oil prices.

Project Cost $55 million invested bv end of1998

TAR SAND TRIANGLE - Kirkwood OU and Gas (T-234)

Kirkwood OU and Gas driUed some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south central Utah. They
are also evaluating pUot testing ofinductive heating for recovery ofbitumen. A combined hydrocarbon unft, to be caUed the Gunsight Butte unft,

is presently being formed to include Kirkwood and surrounding leaseswithin the Tar SandTriangle Special Tar Sand Area (STSA).

Kirkwood is also active in three other STSAs as foUows:

Raven Ridge-Rimrock-Kirkwood OU and Gas has received a combined hydrocarbon lease for 640 acres in the Raven Ridge-Rim Rock

Special Tar Sand Area.

HiU Creek and San Rafael SweU-Kirkwood OU and Gas is also in the process of converting leases in the HiU Creek and San Rafael SweU

Special Tar Sand Areas.

Kirkwood OU and Gas has apphed to convert over 108,000 acres of oU and gas leases to combined hydrocarbon leases. Wfth these conversions

KirkwoodwUl holdmore acreage over tar sands inUtah than any other organization.

The project has been put on temporary hold.

Project Cost Unknown

WOLF LAKE PROJECT - Amoco Canada Petroleum (T-260)

Located 30 mUes north ofBonnyvUle near the Saskatchewan border, on 75,000 acres, theWolfLake commercial oU sands project (ajoint venture

betweenBP 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 oU is extracted by the huff-and-puff or cyclic steam stimulation (CSS)
method. Nearly two hundredwells were driUed initially, then steam injected.

By mid-1988 production had dropped 22 percent below 1987 levels. FoUowing a change of strategy in operation of the reservoir, however,
production had increased to 1,030 cubic meters per day in 1989 and 1,147 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 originally expected to be completed inmid-1989.

In early 1989, BP Canada and Petro-Canada delayed by 1 year the decision to start up me second phase. WhUe the WolfLake 2 plant was

commissioned in 1990, fuU capacity utilization ofthe combined projectwas not expected before tbe late 1990s.
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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 120workers, making improvements in process

efficiency, and operating the plant at about 50 percent ofcapacity. These economic measures cut operating costs
to C$10 to 12 per barrel.

In 1991,WolfLake production costs were less than $9 per barrel, and bitumen production averaged 4,225 barrels a day.

In early 1992, BP Canada and Petro-Canada sold their entire interests in the project to Amoco Canada Petroleum. No price was disclosed but

both companieswrote offtheir total $370 miUion investment in tbe project

In 1995, wfth production at 1,000 cubic meters (6,500 barrels) per day and declining rapidly, Amoco proposed several changes involving
horizontal wells in various configurations driUed through existing patterns ofvertical wells and in new

undeveloped reservoirs.

By using horizontal weU technology, additional oU can be recovered from the "CSS
depleted"

patterns ofvertical wells and the oU in areas not yet

developed can be produced wfth increased efficiency. Ultimately greater than 50 percent ofthe oU in place could be recovered.

Currently tbe central faculties located on theWolfLake lands are approved for processing ofproduction from theWolfLake and Primrose lands.

These facilities are approved for processing 21,000 barrels per day of oU. Current production processed through the plant is approximately

8,000 barrels per day ofoU. Ultimately theWolfLake facilities could be expanded to approximately 55,000 barrels per day. This wfll aUow for

the continued treatment ofbothWolfLake and Primrose production at theWolfLake facilities.

Development wUl proceed on a modular basis wfth each production weU pad constituting a module. The development pace wiU respond to

changes in the economic environment If approval is granted, the first development would begin in the spring of 1996. Until the turn ofthe

century, field construction activities on the lands are expected to be tbe building ofproduction pads, pipelines and the drilling ofwells.

The number of producing wells wiU be reduced from 240 currently operating to 33 horizontal wells. The use of horizontal wells in newly

developed areas wiU also result in a reduction in the number ofwells compared to the implementation of vertical or directionaUy driUed well

schemes.

In 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 : $1 14milhon (Canadian) initial capital

WolfLake 2: $200 mUlion (Canadian) initial capital

ZHUNKEERBASIN TAR SANDS EVALUATION - Xinjiang, China (T-270)

The Zhunkeer Basin tar sands resources in Xinjiang, China, were investigated. The tar sands contain about 7.7 percent bitumen on average.

About 1.4 billion barrels bitumen geological reserves were estimated, wfth 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 ofbitumen to produce special asphalt products are being investigated. It has been found that

bitumen extracted from tar sandsmay be used for producing pipeline anti-corrosion asphalt
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COMPLETED AND SUSPENDED PROJECTS

Project

Aberfeldy Project

A.D.I. Chemical Extraction

Alsands Project

Amoco Sunnyside Project

AqueousRecovery Process

Ardmore Thermal PUot Plant

AsphaltRidgeTar Sands PUot

Asphalt Ridge PUot Plant

Athabasca In Sftu PUot Project

Athabasca Project

Battrum In SftuWetCombustion

Beaver CrossingThermal Recovery PUot

Bi-Provincial Upgrader

BlockOne Project

Bolney Heavy OU Project

Buenaventura Cold Process PUot

Burnt HoUow Tar Sand Project

BurntLake

BVI Cold Lake PUot

C-H SynfuelsDredging Project

CaliforniaTar Sands Development Project

Sponsors

Husky OU Operations, Ltd.

AarianDevelopment Inc.

SheU CanadaResources, Ltd.

Petro-Canada

GulfCanada

Amoco ProductionCompany

Globus Resources, Ltd.

United-Guardian, Inc.

Union Texas ofCanada, Ltd.

Sohio

Enercor

MobU

University ofUtah

AOSTRA

Husky OU Operation, Ltd.

Imperial OU Ltd.

SheU Canada Limited

Solv-Ex Corp.

MobU OU Canada

Unocal Canada Ltd.

SaskoU

137886 Canada Ltd.

Fletcher ChaUenge Petroleum Inc.

Chevron Canada Resources

Husky OU Operations Ltd.

Government ofCanada

Province ofAlberta

Province ofSaskatchewan

Amoco Canada Petroleum Company Ltd.

AOSTRA

Petro-Canada Ltd.

SheU Canada Resources

Suncor, Inc.

Strike Energy Inc.

Buenaventura Resource Corp.

GlendaExploration& Development Corp.

Kirkwood OU & Gas Company

Suncor

AOSTRA

Bow VaUey Industries, Ltd.

C-H Synfuels Ltd

California Tar Sands Development Company

Last 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; page T-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

September 1984; page T-8

January 1997; page 3-26

January 1997; page 3-26

September 1984; page T-8

December 1986; page 3-43

March 1991; page 3-44

January 1995; page 3-45

September 1989; page 3-42
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Project Sponsors

Calsyn Project

CANMET HydrocrackingProcess

Canstar

Caribou Lake PUot Project

CatCanyon Steamflood Project

Cedar Camp Tar Sand Project

Celtic Heavy OU PUot Project

Chaparrosa RanchTar Sand Project

Charlotte Lake Project

Chemech Project

Chetopa Project

Cold Lake PUot Project

Daphne Project

Deepsteam Project

Donor Refined Bitumen Process

ElectromagneticWell Stimulation Process

Enpex Syntaro Project

Falcon Sciences Project

Forest HU1 Project

FortKent Thermal Project

FostemN. W. In Sftu Wet Combustion

FrogLake PUot Project

California Synfuels Research Corporation

AOSTRA

Dynalectron Corporation

Ralph M. Parsons Company
Tetmeco OU Company

Petro-Canada

SNC-Lavalin, Inc.

Nova

Petro-Canada

Husky OU Operations Ltd.

Alberta Energy Company

GettyOU Company
Unfted StatesDepartment ofEnergy

Enercor

Mono Power

MobU OU Canada

Chaparrosa OU Company

CanadianWorldwide Energy Ltd.

Chemech

EOR Petroleum Company
Tetra Systems

GulfCanada Resources

Petro-Canada

Sandia Laboratories

Unfted States Department ofEnergy

GulfCanada Resources Ltd.

Alberta OU Sands Technology& ResearchAuthority
L'

Association pour laValorization des Hiules Lourdes

Uentech Corporation

Enpex Corporation

Texas Tar Sands Ltd.

GettyOU Company
Superior OU Company
M. H. WhfttierCorporation

RayM. Southworth

Falcon Sciences, Inc.

Greenwich OU Corporation

Bow River Pipelines Ltd.

MobU OU Canada, Ltd.

Texaco Canada Petroleum

T *st Appearance in SFR

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 3-5 1

December 1983; page 3-59

December 1979; page 3-3 1

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

January 1997; page 3-29
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COMPLETEDAND SUSPENDEDPROJECTS (Continued)

Project

GLISP Project

Grossmont Thermal Recovery Project

HOP Kern RiverCommercial

Development Project

Imperial Cold Lake PUot Projects

Ipiaftk East Project

Ipiatik Lake Project

Iron River PUot Project

Jet LeachingProject

Kenoco Project

KentuckyTar Sands Project

Uoydminster Fireflood

Lindbergh Commercial Project

Lindbergh Steam Project

LindberghThermal Project

Manatokan Project

Sponsors

Amoco Canada Petroleum Company Ltd.

AOSTRA

Unocal Canada Ltd.

Ladd Petroleum Corporation

Imperial OU Resources Ltd

AlbertaEnergy Company
Amoco Canada PetroleumCompany, Ltd.

Deminex Canada

AlbertaEnergy Company and

Petro-Canada

MobU Oil Canada

BP Resources Canada Ltd.

Kenoco

Texas Gas Development

Murphy OU Company, Ltd.

Amoco Canada PetroleumCompany Ltd.

Murphy OU Company Ltd.

Amoco Canada Petroleum Company Ltd.

Canada Cities Service

Westcoast Petroleum

LastAppearance in SFR

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'

Unft

Meota SteamDrive Project

Mine-Assisted In Sftu Project

AOSTRA

BP Resources Canada

Petro-Canada

Conterra Energy Ltd

Saskatchewan OU&Gas

Total Petroleum Canada

Canada Cities Service

Esso Resources Canada Ltd.

GulfCanada Resources, Inc.

Husky OU Corporations, Ltd.

Petro-Canada

MobU Cold Lake Steam Stimulation Program MobU OU Canada

MorganCombinationThermal Drive Project CanadianNatural Resources Limited

MRL Solvent Process

Muriel Lake

North KinseUaHeavy OU

C& ACompanies

Minerals Research Ltd.

CanadianWorldwide Energy

Petro-Canada

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

June 1985; page 3-58
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Project

Orimulsion Project

Orinoco Belt Steam Soak PUot

OSLO Project

Peace River Complex

Peace River In Sftu PUot

Pelican-Wabasca Project

Porta-Plants Project

PR Spring Project

Primrose Project

Primrose-Kirby Project

Provost Upper MarmvUle Heavy OU

Steam PUot

RangerOU Elk Point Project

RAPAD BitumenUpgrading

Ras Gharib Thermal PUot

Resdeln Project

RF. HeatingProject

Rio Verde Energy Project

RTR PUot Project

Sandafta

Santa Fe Tar Sand Triangle

Santa Rosa OU Sands Project

Sponsors

Petroleos de Venezuela SA

Veba Oel AG

Maraven

Imperial OU Ltd.

CanadianOccidental

GulfCanada

Petro-Canada

PanCanadian Petroleum

Alberta OU Sands Equity

SheU Canada T .irrthed

Amoco CanadaPetroleum

AOSTRA

SheU CanadaLimited

SheU Explorer Limited

CS Resources

Porta-Plants Inc.

Enercor

Solv-Ex Corporation

Japan OU Sands Company
Norcen Energy Resources Ltd.

Petro-Canada

AOSTRA

CanadianOccidental Petroleum Ltd.

Imperial OU Ltd.

Murphy OU

Norcen EnergyResources Ltd.

Ranger OU Ltd.

ResearchAssociation for PetroleumAlternatives

General Petroleum Company ofEgypt

GulfCanada Resources Inc.

UT Research Institute

Halliburton Services

United States Department ofEnergy

Rio Verde Energy Corporation

RTR OU Sands (Alberta) Ltd.

GulfCanada Resources Ltd.

Home OU Company, Ltd.

MobU OU CanadaLtd.

Ahex OU Corporation

Santa Fe Energy Company

Solv-Ex Corporation

LastAppearance in SFR

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; page T-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

December 1986; page 3-60

March 1985; page 3-45
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COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors

Sarnia-London RoadMining Assisted Project Devran Petroleum

SheU Canada

Soars Lake Heavy OU PUot

Solv-ExMinerals FromTar Sands Research

BowRiver Pipelines Ltd

Solv-Ex

AOSTRA

Solv-Ex/Unfted Tri-Star Oilsand Agreement Solv-Ex Corporation

UnitedTri-StarResources, Ltd.

South KinseUa (KinseUaB)

South Texas Tar Sands

Steepbank PUot Project

Sunnyside Tar Sands Project

Texaco Athabasca PUot

Three Star OUMiningProject

Total-Maraven OrinocoTar Sands Project

Tucker Lake PUot Project

Ultrasonic Wave Extraction

VacaTar Sand Project

Wabasca Fireflood Project

Whfterocks OU Sand Project

WolfLake Oxygen Project

Yarega Mine-Assisted Project

"200"
Sand Steamflood Demon

stration Project

Dome Petroleum

Conoco

Chevron Canada Resources

GNC Energy Corporation

Texaco Canada Resources

Three StarDrilling and Producing Corporation

Total

Maraven SA

Husky OU Operations Ltd.

Western Tar Sands

Santa Fe EnergyCompany

GulfCanada Resources, Inc.

Enercor

Hinge-line Overthrust OU & Gas Corp.

RockyMountain ExplorationCompany

BP CanadaResources

PetroCanada

Russia

Santa Fe Energy Company
Unfted StatesDepartment ofEnergy

Last Appearance in SFR

December 1988; page 3-62

January 1996; page 3-59

January 1995; page 3-51

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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Company orOrganization

AEC OU Sands Ltd. Partnership

AlbertaDepartment ofEnergy

Alberta EnergyCompany

Alberta OU Sands Technology
and ResearchAuthority (AOSTRA)

Amoco Canada Petroleum Company, Ltd.

ARCO

Athabasca OU Sands Investments Inc.

BlackRock Ventures, Inc.

Broken HU1 Proprietary Co. Ltd.

CanadianNatural Resources, Ltd.

CanadianOccidental Petroleum, Ltd.

Canadian OU Sands Investments, Inc.

Chevron Canada Resources Ltd.

ChinaNational Petroleum Corporation

Conoco

Consumers Cooperative Refineries Ltd

Crown Energy Corporation

CS Resources

Gibson Petroleum Company Ltd.

GulfCanadaResources Ltd.

Imperial Resources OU Ltd.

JamesW. Bunger and Assoc. Inc.

Japan Canadian OU Sands Ltd.

Kirkwood OU andGas Company

Lagoven

Maraven

ProjectName

Syncrude Canada Ltd.

Taciuk Processor Technology

Primrose Lake Commercial Project

Syncrude Canada Ltd.

Taciuk Processor PUot

Burnt Lake Project

Primrose Lake Commercial Project

WolfLake Project

PetroleraAmeriven Orinoco Tar Sands Project

Syncrude Canada Ltd.

BlackRockVentures In Sftu Recovery Project

MuskegRiver Project

TangleflagsNorth

EyehUl In Sftu Combustion Project

Hangingstone Project

Syncrude Canada Ltd.

Syncrude Canada Ltd.

Dover SAGD Project

Dover SAGD Project

Petrozuata Orinoco Tar Sands Project

NewGradeHeavy OU Upgrader

CrownAsphalt Ridge OU Sands Project

Senlac SteamAssisted Gravity Drainage Project

Dover SAGD Project

Syncrude Canada Ltd.

Dover SAGD Project

Hanging Stone Project

Imperial Cold Lake Project

Syncrude Canada Ltd.

Asphalt FromTar Sands

Hangingstone Project

Circle Cliffs Project

Tar SandTriangle

Cerro Negro Orinoco Tar Sands Project

Petrozuata Orinoco Tar Sands Project
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MCN Energy Group

MobU OU Canada Ltd.

Mocal Energy Ltd.

MurphyOU CanadaLtd

NewGrade Energy Inc.

Northstar Energy Corporation

PanCanadian Petroleum

Petro-Canada

Petroleos de Venezuela S.A. (PDVSA)

Phillips Petroleum

Saskatchewan Government

SheU Canada, Ltd.

Solv-Ex Corporation

StatoU

SuncorEnergy Inc.

Synco Sunnyside Project

Syncrude CanadaLtd.

Texaco Inc.

Total

TheUMAGroup Ltd.

Xinjiang, China

ProjectName

CrownAsphaltRidge OU Sands Project

Cerro Negro Orinoco Tar Sands Project

Syncrude CanadaLtd

EyehUl In Sftu Combustion Project

MurphyOU Lindbergh Thermal Recovery Project

Syncrude Canada Ltd.

TangleflagsNorth

NewGrade HeavyOU Upgrader

Dover SAGD Project

Christina Lake Thermal Project

PanCanadian Elk Point OU Sands Project

Pelican Lake Project

Dover SAGD Project

Hangingstone Project

Syncrude CanadaLtd
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MuskegRiver Project
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Bitumount Project
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PROJECT ACTIVITIES

NEW 100-TPD FLASH PYROLYSIS PILOT

PLANT TO START UP THIS YEAR IN JAPAN

Personnel at Nippon Steel Corporation and the

Center for Coal Utilization in Japan have been

developing the entrained-bed coal flash pyroly

sis process since 1992. Based on the success

ful results of smaller-scale Process Research

Unit (PRU) experiments, a 100-ton per day
pilot-

plant program has been started.

A paper by M. Onoda et al. of Nippon Steel pre

sented at the Pittsburgh Coal Conference in

September discussed the PRU experimental

results for gasification efficiency, slag separa

tion and product yields from flash pyrolysis.

Entrained-Bed Coal Flash Pyrolysis Process

Entrained-bed coal flash pyrolysis technology

has a high possibility of growing into a process

that will offer a high yield of volatile matter, be

easy to scale up and be able to handle a wide

variety of coals. A simplified flow diagram of

the flash pyrolysis process under development

is presented in Figure 1 . The characteristic

feature of this process lies in obtaining the heat

for pyrolysis from the hot gas generated by
gasification of recycling char.

Pulverized coal is pneumatically conveyed in a

dense phase from the feeder into the pyrolysis

reactor with nitrogen or product gas. Pulverized

coal injected into the pyrolysis reactor is heated

rapidly by the upward flowing stream of hot re

duction gas generated by the partial oxidation of

char. The coal is devolatilized to produce gas,

liquid and char at typical reactor conditions of

600 to 900C, gas residence time of a few sec

onds and pressure of 0.3 MPa. The gaseous

and solid products flow concurrently upward to

the reactor exit. The formed char is separated

in hot cyclones and its heat is recovered via a

char heat recovery unit. Part of the formed char

is recycled to the gasifier and partially oxidized

by oxygen and steam to supply heat for the py

rolysis reaction. The heat content of the gas

stream, which contains gas and liquid products,

is recovered to generate the steam for internal

process use or for export by means of a heat

exchanger. Liquid products such as tar are

condensed by cooling the gas stream.

Process Research Unit

A process research unit experimental apparatus,

with a coal feeding capacity of 7 tons per day,

was built to investigate the gasification and py

rolysis reactor and to evaluate the process con

cept.

Several kinds of coal ranked from subbitumi

nous to high-volatile bituminous coal were used

for the experiments.

Although it was found that higher-volatile coals

are gasified much faster, the gasification reac

tion is almost completed within 2 seconds for

the range of subbituminous and high-volatile

bituminous coals.

The difference between carbon conversion effi

ciency of a premixed burner and that of a diffu

sion burner is quite small when the residence

time is only about 2 seconds. This means that

coal gasification may not be diffusion-dominant

but reaction-dominant. Therefore, keeping the

residence time at about 2 seconds can be ex

pected to have a sufficient carbon conversion

efficiency in the scale-up reactor.

Flash pyrolysis has a feature of increasing the

gas and liquid yields. The difference of product

yields among three kinds of coals was found

quite noticeable. In general, the gas yield in

creases and tar yield decreases with increasing
temperature.

Outline of Pilot Plant Study

Based on the results of PRU studies, this project

is proceeding to the 100-ton per day pilot-plant

stage under the support of the Ministry of Inter

national Trade and Industry of Japan.

Among the developmental technical issues to

be covered in this pilot-plant study are the fol

lowing:

THE SYNTHETIC FUELS REPORT, JANUARY 1999

4-1



COAL

FIGURE 1

ENTRAINED-FLOWCOAL FLASH PYROLYSIS PROCESS

coal

\ preparation

treatment
- gas

BTX

separator tar

char

SOURCE: 0N0DAETAL

Confirmation of the scale-up factor,
which is the 2-second gas residence time

for each reactor, by investigating carbon

conversion efficiency, product yields and

heat efficiency.

Evaluation of product quality.

Establishment of stable operation without

agglomeration of slag, char and tar in

side the reactor.

Evaluation of total system and estima

tion of a full-scale commercial plant.

The pilot plant is under construction at the Ya-

wata Works of Nippon Steel Corporation. Tests

are scheduled to be carried out in 2 years from

1999 to 2000.

KFx REPORTS MOST PROBLEMS SOLVED

AT K-FUEL PLANT

In an Investor Update published in November,

KFx Inc. said that although production from the

first commercial K-Fuel plant, 95 percent owned

and operated by KFx's partner, Thermo Ecotek

Corporation, is substantially behind the original

schedule, it appears that virtually all significant

problems have been identified and corrections

to the plant have been substantially completed

or are under way. Solutions to the remaining

issues of tar and fines waste streams and prod

uct dusting are being actively resolved by plant

management.

Plant operations are improving almost daily and

good quality K-Fuel product has been produced

over the last several months.

Political instability has delayed the proposed

Indonesian K-Fuel project. It is expected that
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this project will be a high priority for Indonesia,

however, because the intent is to produce prod

uct for export, which will generate hard currency

for the troubled Indonesian economy.

Testing and feasibility analysis on the proposed

project in Turkey to produce home heating fuel

for domestic use using K-Fuel technology con

tinues to progress and was expected to be com

pleted in November. Results to date are posi

tive and the outlook for this project in 1999 is

favorable.

The upgrade facility went into operation officially

in April after numerous delays.

On November 16 the company issued a public

earnings statement for the third quarter of 1998.

The company, which is still trying to turn itself

from a development entity into a profitable cor

poration, had a net loss of $1.16 million for the

quarter. That was down slightly from a loss of

$1 .22 million in the same 3 months of 1997.

The company's

for 1999 are to:

goals with respect to K-Fuel

Improve operations and increase pro

duction, through Thermo Ecotek, at the

Gillette K-Fuel facility; achieve several

additional commercial bums with other

utilities; and execute one or two license

agreements. Such license agreements

may be largely dependent on obtaining

an extension of the Section 29 tax credit

in 1999.

Construct an activated-carbon plant at

Gillette, Wyoming, that will use a by
product from the K-Fuel plant as a high-

quality, low-cost feedstock. KFx has fi

nalized technical analysis, purchased

major equipment and is developing a fi

nancial plan that may include one or

more partners.

DUKE ENERGY CONSIDERING COAL

GASIFICATION REPOWERING PROJECT

NEAR ST. LOUIS

According to a report in Coal Outlook, Duke En

ergy is actively considering moving a moribund

coal gasification project to Ameren's Venice

plant near St. Louis, Missouri. The report

quotes a United States Department of Energy

(DOE) official as saying that all parties are now

firming up a site agreement for the repowering

project. Venice is a little-used gas- and oil-fired

facility. Duke had years ago obtained a DOE

Clean Coal Technology award to help fund a

gasification project in New Jersey, but soon af

ter lost the utility host for the project. Since then

it has been trying to find a new site forwhat was

originally planned as a 477-megawatt facility.

PUERTOLLANO IGCC IN FULL STARTUP

PHASE

In 1 992 ELCOGAS, a consortium of eight Euro

pean utilities and three technology suppliers,

launched the PuertoUano project to demonstrate

the commercial feasibility of Integrated Gasifi

cation Combined-Cycle (IGCC) technology.

The project was selected as a Target Project by
the European Commission and awarded funding

by the THERMIE program. The PuertoUano

IGCC project is focused on two main targets:

improved efficiency and reduced emissions.

The PuertoUano IGCC plant accomplished the

first gasifier firing in December 1997 and the

first gas turbine coal gas operation in

March 1998. Since then an extensive com

bined-cycle operation with natural gas, exhaus

tive functional tests for the air separation unit,

and commissioning and test of the gasification

systems have provided the grounds for the

demonstration of the IGCC technology.

I. Mendez-Vigo, of ELCOGAS S.A., et al. up
dated the status of the project at the
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1998 Gasification Technologies Conference

held in San Francisco, California, in October.

Commissioning and Startup Results

The most relevant figures corresponding to the

commissioning phase through June 1998 are

summarized as follows:

Number of gasifier runs: 29

Hours with gasifier operation: 200

Longest gasifier run in hours: 25

Number of gas turbine syngas runs: 5

Hours with gas turbine on syngas: 1 .7

Net production on coal/coke operation in

megawatt-hours: 6,300

Two major problems did not allow collection of

more gas island operating hours.

The first problem was a motor failure of the

waste nitrogen compressor in the air separation

unit which led to a downtime of about 7 weeks

between April and June. After some tests in

June the operation was interrupted for about

9 weeks due to a problem with the gas turbine.

The plant was designed to use a 50/50 mixture

of high ash local coal and petroleum coke from

a nearby refinery. Generally, the fuel composi

tion is close to the design figures. Especially,
the critical mixing process of raw coal and pe

troleum coke ensured a mixed fuel of constant

quality.

The clean gas composition is shown in Table 1 .

The achieved solids (dust) content in the clean

gas at the outlet of the desulfurization unit is

lower than 0.3 milligrams per cubic meter

(design: 3 milligrams per cubic meter) which

indicates a good performance of the candle fil

ters.

The high pressure and intermediate pressure

boilers generated the expected amounts of

TABLE 1

CLEAN GAS COMPOSITION (DRY)

Desion Actual

C02i vol.% 3.9 1.9

CO, vol.% 60.5 60.0

H2i vol.% 22.1 22.3

N2 + Ar, vol.% 13.5 15.8

H2S + COS, ppmv 12 12

Total, vol.% 100.0 100.0

steam based on excellent performance of the

surface cleaning device (rapping system).

Commissioning Problems

General problems encountered during commis

sioning of the gas island involved the coal

preparation unit, the PRENFLO gasification unit

and the desulfurization unit. In the coal prepa

ration unit, besides mechanical problems, the

produced fuel dust (mixture of coal and petro

leum coke) was too fine. Parameter corrections

of the classifier and the grinding force between

rollers and table influence the grain size distri

bution.

In the PRENFLO gasification unit, the main

problem at the beginning was the coal dust

sluicing system; the flow rate was insufficient

and not stable. A design modification was suc

cessfully tested and this will solve the problem.

The slag water system also caused some trou

ble due to high fines which occasionally over

loaded the existing pressure filters.

In the desulfurization unit, a problem was en

countered where water condensate accumulated

in the solvent circuit of the MDEA unit. This

was eliminated by a modified temperature level

at the top of the desorber. The achieved
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desulfurization degree complies with the design

figure and is far below the guarantee figure.

The amount of 12 parts per million volume

H2S + COS in the clean gas results in an S02
content in the flue gas from the power block of

less than 10 milligrams per cubic meter.

Outlook

Further commissioning and operation of the gas

island including PRENFLO gasification is ex

pected to meet design goals. Further develop
ments will permit higher efficiencies and also

reduce investment costs.

LIQUID PHASE METHANOL PLANT

ACHIEVING 99 PERCENT AVAILABILITY

The first commercial-scale demonstration plant

for Liquid Phase Methanol (LPMEOH) technol

ogy was sited at Eastman Chemical Company's

(Eastman's) coal gasification facility in King
sport, Tennessee, with the help of a

$92.7 million award under the United States

Department of Energy's Clean Coal Technology
Program. Air Products and Chemicals Inc. and

Eastman formed the "Air Products Liquid Phase

Conversion Company
L.P."

partnership to exe

cute the project and own the LPMEOH Demon

stration Plant. Construction began in October

1995 and concluded in January 1997. After

commissioning and startup activities were com

pleted, operation began in April 1997. During a

4-year operating program, the LPMEOH Proc

ess Demonstration Plant will meet or exceed the

design production capacity of 260 tons per day
(tpd) of methanol, and will simulate operation for

the Integrated Gasification Combined-Cycle

(IGCC) coproduction of power and methanol

application. The test plan will also seek to es

tablish commercial acceptance of the technol

ogy and verify the fitness of the as-produced

methanol product (about 98 weight percent pu

rity) through a series of off-site, product-use

tests. Total cost of the project, including the

4-year demonstration test program, is forecast

at $213.7 million.

E. Heydom, of Air Products and Chemicals

Inc., et al. summarized the demonstration

plant's current performance results at the 1998

Gasification Technologies Conference held in

San Francisco, California, in October.

Initial Operation -April/October 1997

After activation of nine 1-ton batches of metha

nol synthesis catalyst, the reduced catalyst

slurry was pressure-transferred from a mainte

nance tank to the LPMEOH reactor in

April 1997. In less than 2 weeks of operation,

the LPMEOH Demonstration Plant met several

of its short-term performance goals. Methanol

production reached the nameplate capacity of

260 tpd and a stable test period at over 300 tpd

of methanol revealed no system limitations, ei

ther in the reactor or distillation areas.

During trial operations, the two high-pressure oil

make-up pumps which were designed in part to

provide seal flush to two slurry pumps which

return entrained process oil and catalyst

(recovered in the cyclone and high-pressure oil

separator) to the reactor, failed to generate the

pressure required. To correct this problem, an

existing piping connection was used to
pressure-

transfer this entrained slurry to the catalyst re

duction equipment, and a positive displacement

pump on the catalyst reduction vessel was used

to return this stream to the reactor on a batch

basis.

An inspection of the reactor internals in

May 1997 revealed greater than expected ac

cumulation of solids in the bottom head of the

reactor. Upon restarting in June, the entrained

slurry was pumped batch-wise to a new flush

connection below the original gravity-drain noz

zle. This procedure was used successfully over

the next 5 months of operation. In Septem

ber 1997 a new high-pressure oil make-up

pump, of alternative design, was installed and

tested.

During the initial operating period, the LPMEOH

Demonstration Plant achieved an availability in

excess of 92 percent. The H2/CO ratio in the

reactor feed stream was varied from 0.4 to 5.6
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with no negative effects on performance. The

gas holdup (the volume fraction of the reactor

occupied by gas), an important design parame

ter for slurry reactors, matched the predictions

of correlation developed from pilot plant data.

Important parameters such as high inlet superfi

cial velocity of reactor feed gas, maximum

gassed slurry level, and the overall heat transfer

coefficient of the internal heat exchanger were

demonstrated at 115 to 120 percent of design

levels.

Performance Results-October 1997 to

August 1998

While the batch return of entrained slurry to the

reactor allowed for plant operation to continue

through the summer of 1997, this procedure

needed to be simplified to provide an adequate

long-term solution. Thus, in October 1997 a

new test began to gravity-drain the entrained

slurry to the new flush connection at the bottom

of the reactor. This trial combined the benefits

of eliminating the slurry pumps with minimizing
the accumulation of solids in the bottom of the

reactor. Initial results showed that the gravity-

drain line became obstructed about twice a day.

This blockage, either resulting from solids or

from vapor-locking within the piping system,

cleared easily with a brief flush of clean process

oil from the new high-pressure oil make-up
pump. In more recent operation the frequency
of formation of the obstruction within this piping
system has decreased to about twice a week.

The potential benefits of the gravity-draining

slurry return to the reactor are significant for

future designs, including: significant capital cost

savings from the elimination of two slurry pumps

and their ancillaries; increased operating flexi

bility; and, lower maintenance costs by elimi

nating the seal system for the slurry pumps.

The less expensive high-pressure oil make-up

pump can be successfully used in this intermit

tent mode of operation, as demonstrated by its

trouble-free performance since its installation in

September 1997.

Heydom et al. note that an important feature of

the LPMEOH process is the ability to remove

spent catalyst from the reactor during operation;

this also affords the opportunity to examine

samples for changes in the microscopic struc

ture and/or chemical make-up of the catalyst

with time. Analyses of such samples from King
sport indicated a step-change in the concentra

tion of iron on the catalyst surface during the

initial 6 weeks which cannot be correlated to the

presence of iron carbonyl in the feed gas

streams. Higher than expected levels of arsenic

were also found on the catalyst samples. Based

on these results, the reactor was drained and

another partial charge of fresh catalyst was acti

vated during December 1997. The initial cata

lyst performance following the restart was ex

cellent and methanol production again

exceeded nameplate capacity at a lower reactor

temperature of235C. The variability in the

catalyst performance with time is thought to be

caused by the presence of trace levels of cata

lyst poisons (iron, sulfur, arsenic, etc.) in syngas

generated from coal. During the 8 months of

operation, reactor temperature has been varied

from 220 to 250C; ultimately, a temperature

programming protocol will be developed for the

LPMEOH catalyst system.

For the first half of 1998, availability of the

LPMEOH Demonstration Unit exceeded

99 percent. Catalyst slurry concentration in the

LPMEOH reactor reached the design value of

40 weight percent, with no instability or loss of

performance due to mass transfer limitations. A

highlight of 1998 was the completion of a

65-day continuous operating test ending in April.

These stable operating periods provide an indi

cation of the durability of the LPMEOH process,

in that the performance in the second year of

operation is already meeting the targets for

mature technologies. Since startup Eastman

has accepted all methanol produced at the

LPMEOH Demonstration Plant (in excess of

20 million gallons) for use in downstream

chemical processes.

Off-Site Product Test Plan

As part of the LPMEOH demonstration project,

an off-site test plan involving the use of as-

produced methanol in various fuel and energy

applications has been implemented. This pro

gram focuses on the potential of using stabilized
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methanol produced from CO-rich syngas in the

LPMEOH process. This as-produced methanol

contains about 1 weight percent water, which is

in contrast to methanol produced from an H^
rich syngas (4 to 20 percent water by weight). If

the as-produced methanol can be used directly
in downstream fuel or chemical processes, the

expensive second distillation step can be

avoided, resulting in a savings of $0.03 to

$0.05 per gallon.

At present seven projects have been selected to

participate in the off-site product-use test plan.

Five projects have completed the planning
phase and have begun testing. During the Feb

ruary 1998 campaign on CO-rich syngas, ap

proximately 12,000 gallons of as-produced

methanol was collected for future use by these

test sites. Three of these tests are studying the

operating performance and emissions charac

teristics of as-produced methanol in bus and

automobile applications. A stationary gas tur

bine has begun operation, and testing in a

methanol fuel cell was scheduled to begin in the

fall of 1998.

Future Activities

During 1999 efforts will continue to sample the

catalyst from the reactor and monitor plant per

formance to quantify the long-term catalyst ag

ing characteristics under coal-derived syngas.

Additional studies on the effects of reactor tem

perature on catalyst life will be performed. The

slurry concentration in the reactor will be in

creased beyond the design value to determine

the maximum volumetric productivity of metha

nol. Additional operations with CO-rich syngas

and other reactor feed gas compositions are

planned. Operability at each of these conditions

will be evaluated.

the flexibility to shut down the coal gasifier at its

Wabash River powerplant.

One 262-megawatt unit at Wabash River is

powered with an integrated gasification com

bined-cycle system. Funding for that installation

was developed under the United States De

partment of Energy (DOE) Clean Coal Technol

ogy program.

The DOE funds expire in February 1999, and

after that PSI would be free to shut down the

gasifier. The gasifier itself, plus the gasifier

technology, is owned by Dynegy Corporation.

Dynegy is a gas company that acquired the

technology and the Wabash gasifier when it

bought Destec Energy in 1997. According to the

report, Dynegy is now trying to sell the technol

ogy and the gasifier to another party.

Last fall PSI and Dynegy agreed that for

$265.7 million PSI would buy out the remainder

of a 25-year syngas supply contract with

Dynegy. The regulatory treatment of the buyout

cost is being negotiated now with a consumer

group.

PSI then plans to install the capability at the

power unit to use natural gas as well as syngas.

At that point the relative economics of each fuel

source will determine whether coal will be used

in the unit.

Peabody Coal's contract to supply the gasifier

expires at the end of 1999.

CORPORATIONS

WABASH RIVER GASIFIER COULD BE SHUT

DOWN

According to a report in Coal Outlook,

PSI Energy is planning, within a year, to have

SASOL APPROVES $255 MILLION

CHEMICALS EXPANSION AT SECUNDA

Sasol's board of directors approved in Decem

ber new capital investments worth

US$255 million for its Secunda, South Africa,
site. Plans include plants for ethyl acetate,

high-purity ethanol, ethanol dehydration, hexene
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and n-butanol. The new projects are part of the

company's $2.38 billion, 5-year capital invest

ment program.

The ethyl acetate plant will produce

50,000 tonnes per year to a purity level of at

least 99.8 percent. Startup is due by mid-2000.

This plant forms a key part of Sasol
Solvents'

strategy of diversifying its product range by en

tering the esters range of oxygenated solvents.

The high-purity ethanol plant will produce

85,000 tonnes per year to a purity rating of

99.99 percent. Work started in July 1998 and is

expected to be completed by October 1999.

Sasol's third hexene plant will be built with a

capacity of 70,000 tonnes per year. Basic engi

neering began in September and will be com

pleted in January 1999 with commissioning ex

pected by June 2000.

Sasol has designated another $350 million for

several projects at various stages of advanced

planning, including capacity for acetates, acry-

lates and detergent alcohols.

TWENTY-FOUR BRIQUETTING FACILITIES

ARE BASED ON TECHNOLOGY FROM

COVOL TECHNOLOGIES

Covol Technologies Inc. commented in October

on the volatility in the company's stock price.

B. Cook said, "Although some of the volatility
can be explained by the general turbulence of

the market, the drop in Covol's stock is surpris

ing considering that we recently finished con

structing, together with our partners and licen

sees, 24 synthetic fuel facilities, with more than

$200 million worth of plant and equipment. Al

though the ramp-up of these facilities has been

slower than expected, the facilities are making
continued mechanical and operational im

provements. Furthermore, the level of produc

tion is dependent upon the marketing of the end

product. Markets are beginning to accept syn

thetic fuel, but some licensees are finding that

targeted customers are cautious about making

long-term commitments. We are aggressively

working with our licensees in improving product

quality and in working through the operational

and marketing challenges. Nevertheless we are

pleased with the steady progress we are mak
ing."

The company announced that it expected to

show a loss in its fourth quarter. Most of the

fourth quarter loss resulted from lack of ad

vance royalties and lower than anticipated pro

duction levels due primarily to issues of feed

stock preparation, equipment adjustments and

sales of synfuel product. Most of the advance

license fees payable to Covol with respect to the

facilities which were built prior to June 30, 1998,
were received in the second and third fiscal

quarters. Future revenues will come primarily
from quarterly royalty payments and from the

sale of binder materials. These revenues will be

directly proportionate to production and sale of

synthetic fuel. If the 24 synthetic fuel facilities

operate at full capacity, the total revenue to the

company from royalties and binder sales are

expected to range from $14 million to

$17 million per quarter.

The company indicated that current challenges

do not alter the previously disclosed plant ca

pacities and Covol will continue to work on the

ramp-up issues. The company also reiterated

that its patented technology has viable applica

tions to other industrial resources and waste

byproducts.

On October 28, MCN Energy, which has several

projects using technologies other than Covol's at

CONSOL mine sites, said it will be taking a writ

edown related to those projects. "Efforts to

achieve briquette sales from the coal fines proj

ects) succeeded in October as operating diffi

culties were
remedied,''

said MCN. "However,

delays in (the projects), the defeat of federal

legislation to extend the required in-service

deadline for such synthetic fuel projects, and

uncertainty regarding the company's ability to

utilize synthetic fuel tax credits led to the im

pairment ofMCN's
investment."
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Four Covol projects in West Virginia and Vir

ginia were developed by Pace Carbon Fuels.

Pace Carbon officials conceded that all four

projects are not where backers want them in

terms of smooth operation, but the plants should

be up to design specifications by the end

of 1998.

Covol to Build West Virginia Plant

Due to a lack of high-quality coal fines, Covol

plans to build a preparation plant at its Poca

hontas Synfuel briquetting plant in McDowell

County, West Virginia.

The existing Pocahontas facility can produce

360,000 tons of briquettes per year. Local com

pany Black Diamond Enterprises markets the

briquettes and supplies coal fines.

In a recent filing with the Securities and Ex

change Commission, Covol said that it and

Black Diamond plan to build a cleaning plant at

the site in order to get the right quality of coal

fines for the briquetter.

Washing of fines increases production costs for

the briquettes. After it built its first briquette

plant in Utah, Covol discovered it would need a

wash plant for the fines there as well.

GOVERNMENT

DOE WILL FUND COPRODUCTION STUDIES

The United States Department of Energy (DOE)
has issued an "Information Package for a So

licitation for Cooperative Agreement Proposal

(SCAP) No.
DE-SC26-99FT40040,"

titled "Early
Entrance Coproduction

Plant."

The package is

available for review by potential offerors. The

SCAP itself should be available by late Janu

ary 1999; a 60-day response time is anticipated.

The DOE will be making multiple awards for

projects that will last up to 5 years. The idea is

to fund feasibility work for projects at specific

sites that can turn coal into syngas and other

products. The syngas could be used for power

generation and/or as a feedstock for chemicals.

DOE SEEKS INNOVATIVE OPTIONS IN
20

UNIVERSITY COAL RESEARCH

COMPETITION

In support of "Vision 21 the United States De

partment of Energy's (DOE) Office of Fossil En

ergy opened its
20th

year of University Coal Re

search competition with a November call to

United States colleges and universities to inves

tigate long-term solutions for clean and efficient

use of coal.

DOE's concept for energy systems in the
21st

century, named "Vision
21,"

is based on the

concept of futuristic, ultra-clean energy plants

that could be customized to coproduce electric

power and fuels, chemicals or other high value

products from coal. It is envisioned that these

plants would generate low-cost electricity from

coal, or mixtures of coal and other resources,

that would produce virtually no pollution. Clean,

efficient, low cost, environmentally compliant

energy systems are central to continued eco

nomic growth, the health and well-being of the

American people and the energy security of the

nation, says DOE.

This year the DOE will offer a total of approxi

mately $2.9 million to enlist the nation's univer

sities in research that would underpin this long-

range concept. The solicitation has been di

vided into a core portion and an innovative con

cepts portion. The Department expects to name

the winning projects in May 1999.

Of the $2.9 million, the DOE has allocated

$2.4 million for six specific research areas that

support the "Vision
21"

concept. The six focus

areas are as follows:

Improved Hot Gas Contaminant and

Particulate Removal Techniques
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Ambient PM25 Sampling and Speciation ECONOMICS

Production of Premium Carbon Products

from Coal

Advanced Diagnostics and Modeling
Techniques for Three-Phase Slurry Re

actors (Bubble Columns)

Advanced Hydrogen Separation Tech

nologies

Water Gas Shift with Integrated H2/C02
Separation Process

The DOE also intends to set aside approxi

mately $500,000 for universities to study

"innovative
concepts"

in order to develop unique

approaches for addressing fossil energy-related

issues. In this area, DOE is seeking to explore

novel concepts that would offer prospects for

research breakthroughs in important "Vision
21"

program areas including, but not limited to:

Novel C02 Capture and Separation

Schemes

Computational Chemistry to Support

Clean Liquid Fuels Production

Development of Innovative, Protective

Surface Oxide Coatings

Identification of Promising "Vision
21"

Process Configurations

Efficient Power Cycles

Effect of Concentrated C02 Release on

Ocean Biology

PARSONS SEES IGCC CAPITAL COST

NEARING $1,000/KILOWATT FOR

ADVANCED GASIFIER DESIGN

Integrated Gasification Combined Cycles

(IGCC) continue to progress through demon

stration under the United States Department of

Energy's Clean Coal Technology Program.

These technologies offer attractive alternatives

to conventional pulverized coal and natural gas

power generation in markets where stringent

emissions requirements apply or use of oppor

tunity feedstocks exist. However, despite the

advantages over conventional power generation

technologies (i.e., high efficiency and low emis

sions), high capital costs of clean coal technolo

gies threaten their competitiveness in the power

generation market. To achieve market accep

tance, advanced clean coal technologies must

demonstrate their competitive position in per

formance (energy conversion and emissions),

plant availability and cost of electricity (as de

fined by capital investment and production

cost).

M. DeLallo et al. of Parsons Infrastructure and

Technology Group Inc. summarized commercial

performance and costs for IGCCs with compari

sons to competitive technologies at the

1998 Gasification Technologies Conference

held in San Francisco, California, in October.

Performance, capital cost, production cost and

emission estimates were developed for four ad

vanced IGCC clean coal technologies that are

representative of commercial offerings in the

years 2000 and 2010. To provide market com

parisons, competitive power systems including
Pulverized Coal (PC) and Natural Gas Com

bined Cycle (NGCC) were evaluated using a

consistent design basis.
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IGCC Technology Performance for Four
Concepts

The four different IGCC conceptual designs

were defined as follows.

The First-Of-A-Kind (FOAK) IGCC plant, sized

for 543 megawatts-electrical (MWe), utilizes two
oxygen-blown entrained-flow gasifiers and Gen

eral Electric MS 7001 FA class gas turbines.

The intermediate IGCC plant, sized for

350 MWe, utilizes one oxygen-blown entrained-

flow gasifier and theWestinghouse "501
G"

class

gas turbine.

The advanced IGCC entrained-bed concept is

based on the utilization of the Dynegy Power

oxygen-blown coal gasification process supply

ing medium-BTU gas to a gas tur

bine/combined-cycle power generating plant.

The plant configuration is based on a projection

of state-of-the-art design for 2007. This version

of the IGCC technology is based on selection of

a gas turbine derived from the General Elec

tric
"H"

class machine. The IGCC portion of the

plant is configured with one gasifier island,
which includes a transport reactor type hot-gas

desulfurizer. The resulting plant produces a net

output of 428 MWe at a net efficiency of

49 percent on a High Heating Value (HHV) ba
sis.

The advanced transport reactor IGCC concept

is based on the utilization of the M.W. Kellogg
air-blown transport reactor coal gasification

process supplying low-BTU gas to a gas tur

bine/combined-cycle powerplant. This version

of IGCC technology is based on selection of a

gas turbine derived from the General Elec

tric
"H"

machine. For this study, one gas turbine

is combined with a steam turbine on a single

shaft, driving one electric generator. The IGCC

portion of the plant is configured with two gasi

fier islands, including in situ desulfurization with

a hot-gas polisher. The net plant output power,

after plant auxiliary power requirements are de

ducted, is nominally 398 MWe. The overall net

plant efficiency is 49.7 percent HHV.

Overall performance for the four IGCC plants,

including auxiliary power requirements, is sum

marized in Table 1 .

Emissions Performance

The operation of the advanced oxygen-blown

IGCC technology is projected to result in low

levels of emissions of S02 achieved by capture

ofthe sulfur in the gas by the Transport Hot-Gas

Desulfurizer (THGD) subsystem, which has an

overall sulfur removal capability of about

98.5 percent. The reduction in NOx to under

10 parts per million is achieved by a combina

tion of dry low-NOx burners, dilution of fuel gas

with saturated high-pressure nitrogen and lower

initial ammonia concentration due to high-

temperature cracking in the entrained gasifier.

The low level of S02 in the advanced transport

reactor IGCC plant is achieved by capture of the

sulfur in the gas by the THGD subsystem. The

THGD process removes approximately

99.5 percent of the sulfur compounds in the fuel

gas. The reduction in NOx is achieved for a fuel

gas containing fuel-bound nitrogen (NH3) by the
use of rich-quench lean (staged) combustion

technology coupled with syngas dilution by in

termediate-pressure steam from the steam cy

cle.

Capital and Production Cost Estimate

Capital and production cost estimates, shown in

Table 2, were developed for the IGCC power-

plants. The capital costs at the Total Plant Cost

(IPC) level include equipment, materials, labor,
indirect construction costs, engineering and

contingencies. Operation and maintenance cost

values were determined on a first-year basis

and subsequently levelized over the 20-year

plant book life to form a part of the economic

analysis. Quantities for major consumables

such as fuel and sorbent were taken from tech

nology-specific heat and mass balance dia

grams developed for each plant application.

Other consumables were evaluated on the basis

of the quantity required using reference data.

Operating labor cost was determined on the ba-
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TABLE 1

PLANT PERFORMANCE SUMMARY - 100 PERCENT LOAD

IGCC Technology FOAK Intermediate Advanced Advanced

Entrained-Bed Entrained-Bed Entrained-Bed Air-Blown

Transport

YearAvailable to Build 1998 2002 2007 2007

Steam Cycle

Throttle Pressure, psig 1,800 1,800 1,800 1,800

Throttle Temperature, F 1,000 1,000 1,000 1,000

Reheat Outlet Temperature, F 1,000 1,000 1,000 1,000

Power Summary (gross power

at generator terminals, KWe)
Gas Turbine (two) 394,000 262,603 335,210 271,311

Steam Turbine (one) 254.530 140.693 154.885 140.097

Total 648,530 403,296 490,095 411,408

Total Auxiliaries, kWe 105.340 54.085 62.360 13.280

Net Power, kWe 543,190 349,211 427,735 398,128

Net Efficiency, %HHV 40.0 45.4 49.0 49.7

Net Heat Rate, BTU/kWh (HHV) 8,522 7,513 6,968 6,870

Condenser Cooling Duty,
106

BTU//h 1,465 773 844 714

Consumables

As-Received Coal Feed, Ib/h 396,790 224,910 255,510 234,442

Oxygen (95% pure), Ib/h 329,903 169,187 186,135

Water (for slurry), Ib/h 163,000 92,392 88,577

sis of the number of operators. Maintenance Conclusions

costs were evaluated on the basis of require

ments for each major plant section. The oper

ating and maintenance costs were then con

verted to unit values of dollars per kilowatt-year

or cents per kilowatt-hour.

Byproduct credits were considered for sulfuric

acid production, a highly marketable commod

ity. However, market demand and price for

such products as sulfuric acid are site specific,

and therefore difficult to define for a generic

application. If a local demand exists for sulfuric

acid, it could be expected that the production

cost for IGCC would decrease by approximately
$0.0015 to $0.0019 per kilowatt-hour at a sulfu

ric acid market price of $70 per ton.

The results of this study indicate that signifi

cantly lower capital and operating costs than

previously experienced can be realized through

successive generations of IGCC technology and

application of cost improvements. This poten

tial is based on future market applications of

IGCC that provide for continued improvements

in gasification and gas turbine technology.
De-

Lallo et al. observe that at present the market

for IGCC is in refinery and similar applications

where the use of low-valued fuels, waste feed

stocks or coproduction promote the economic

incentive for IGCC.
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TABLE 2

CASE COMPARISONS -SELECTED COST AND FINANCIAL DATA

Technology: GasificationCombined Cvcle (IGCC) PW>i2CoaJ

Subcritical PC

NGOc

Case: FOAK Intermediate AdvanOxv Advart Trans.
WesfG"

Base Base Base Base Base Base

Yeer$ Year$ YearS YearS YearS YearS

Base (ref. yr.), January: 1998 1998 1998 1998 1998 1998

MWe (net): 543.2 349.2 427.7 398.1 397.5 326.1

Net Plant Heat Rate, 100% Load

(BTU/kWh-HHV): 8,522 7,513 6,968 6,870 9,077 6,743

Capacity Factor (equiv. @ 100% load): 85 85 85 85 85 65

Bare Erected Cost (BEC), $ x 1,000 534,667 334,677 363,220 281,703 357.627 137,531

BEC,$/kW 984 958 849 708 900 422

Total PlantCost fTPC), $ x 1,000 674,276 429,256 465,125 382559 445.150 170,968

TPC.S/KW 1,241 1,229 1,087 961 1,120 524

Total Capital Requirement (TCR), $ x 1,000 765.615 470,670 510,175 426,694 483,490 183,149

TCR,$/kW 1,409 1.348 1,193 1.072 1,216 562

Fixed O&M (base year), S/kW 31.29 35.60 3278 31.42 2270 10.40

Variable O&M (base year), 0kWh 0.07 0.08 0.08 0.07 0.05 0.10

Operation andMaintenanceCosts, /kWh Ref. L* Ref. Lev. Ref. Lev. Ref. Lev. Ref. Lev, Ref. \SL

Fixed O&M 0.42 0.42 0.48 0.48 0.44 0.44 0.42 0.42 0.30 0.30 0.18 0.18

Variable O&M 0.07 0.07 0.08 0.08 0.08 0.08 0.07 0.07 0.05 0.05 0.10 0.10

Consumables 0.09 0.09 0.11 0.11 0.10 0.10 0.09 0.09 0.14 0.14 0.04 0.04

Byproduct CretSt and Emission Credits/Costs -0.19 -0.19 -0.17 -0.17 -0.16 -0.16 -0.15 -0.15

Fuel iSZ 0.92 0.94 0.81 0.87 0.75 0 86 0.74 Ui 0.98 182 1.94

Total ProductionCost 1.47 1.32 1.45 1.32 1.33 1.21 1.30 1.18 1.64 1.48 214 226

Levelized Carrying Charges (capital) 256 244 216 1.94 221 1.33

Levelized Bus BarCost of Power, #/kWh 3.88 3.76 a38 3.12 3.69 3.59

ECONOMIC SIMULATION SHOWS

ADVANTAGE FOR ADVANCED HOT-GAS

DESULFURIZATION PROCESS

Advanced Integrated Gasification Combined-

Cycle (IGCC) power systems require a desulfu

rization process to reduce hydrogen sulfide to

acceptable levels. This process offers an op

portunity to produce elemental sulfur which is a

valuable byproduct an essential industrial

commodity, that can be easily stored, trans

ported and sold. Currently, the leading tech

nologies for Hot-Gas Desulfurization (HGD) use
air- or dilute-air-regeneration of the sorbents to

produce a tailgas containing mostly nitrogen

plus sulfur dioxide. Catalytic reduction of the

S02 to elemental sulfur with a coal gas slip

stream using the Direct Sulfur Recovery Proc

ess (DSRP) is the leading first generation tech

nology to produce elemental sulfur. In the

DSRP, for every mole of S02, two moles of re

ducing gas are used, leading to a small but no

ticeable consumption of coal gas.

Researchers at Research Triangle Institute

(RTI) are working to develop a second-

generation HGD process that regenerates the

sulfided sorbent directly to elemental sulfur us

ing S02, with minimal consumption of coal gas.

The goal is to have better overall economics

than DSRP when integrated with the overall

IGCC system.
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J. Portzer and S. Gangwal of RTI, North Caro

lina, discussed the proposed process at the Ad

vanced Coal-Based Power and Environmental

Systems '98 Conference held in July in Mor

gantown, West Virginia.

Advanced Hot-Gas Process Concept

RTI's conceptual process that comprises desul

furization (sulfidation of the sorbent) and se

quential SOrregeneration and S02/02-regen-

eration is referred to as the Advanced Hot-Gas

Process (AHGP) (Figure 1). In the AHGP a

modified zinc-iron sorbent is used so that re

generation to elemental sulfur can be accom

plished using S02 and 02 without the need for

a coal gas slip-stream as a reductant. The zinc

component in the sorbent provides the S02 re

quired to regenerate the iron component.

The key chemical reactions of interest are as

follows:

Sulfidation (Desulfurization Reactor)

S02 regeneration (Regenerator - Stage I)

02 regeneration (Regenerator - Stage 2)

As the process is currently conceived, the

desulfurization ofthe coal gas (sulfidation ofthe

sorbent) takes place at about 450C at the pres

sure of the coal gas (typically 20 atmospheres)
in the desulfurization reactor. The sulfided

sorbent enters the multistage reaction vessel to

be heated to 600C using waste heat from the

regenerated sorbent. The heated sorbent

passes to Stage I of the regenerator to contact

the recirculating S02 gas stream. The elemen

tal sulfur formed exits in the gaseous state. The

partially regenerated sorbent then passes into

Stage 2 of the regenerator where oxygen will be

added to the regeneration gas. In this heat-

integrated process, the energy from the exo

thermic 02 regeneration is used to drive the

endothermic S02 regeneration. The regener

ated sorbent is then cooled and recirculated to

the desulfurization reactor.

Project Description

RTI subcontracted with North Carolina State

University to prepare an engineering evaluation

of the AHGP compared to a system that uses

DSRP to produce an elemental sulfur product.

FIGURE 1

COMPARISONOF KEYELEMENTS OF DSRPANDAHGP

CoalGas Consumption

Operating Cost (exclusive
ofcoal gas)

Compressor Horsepower

ReactorCapital Cost

Total Capital Cost

NetSteam Produced

DSRP

AHGP

0.0 0.5 1.0 1.5 2.0 ZS

RelativeValue to DSRPValue of 1

80URCE: PORTZERANDGANGWAL
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Material and energy balances were prepared

using the ASPEN PLUS process simulation

software. Reactor sizing was based on general

fluidized-bed and transport reactor design con

cepts; costing followed open literature published

guidelines.

The nominal plant size of 260 megawatts-

electrical (net) was chosen as the design basis

for the process simulations. For both processes

the scope of the equipment and process steps

included in the simulationswere the same: coal

gas desulfurization (but not the high-

temperature particulate removal), regeneration

of the desulfurizing sorbent, and production,

isolation, and short-term storage of elemental

sulfur. Base case simulations of both processes

assumed 0.85 mole percent H2S in the coal-gas

feed. Such an H2S concentration in the coal

gas would be produced by an oxygen-blown

Texaco gasification using a roughly 3.6 weight

percent sulfur-containing coal. Alternative

caseswere considered that varied sulfur content

ofthe coal gas, and overall plant size.

In order to conduct the second phase of the en

gineering comparison, and make preliminary

cost estimates for the two processes, conceptual

equipment designs were developed for each

process.

Results

The preliminary process and economic evalua

tions conducted using ASPEN PLUS are sum

marized in Figure 1 , which compares key ele

ments using a simple method where each

parameter for the DSRP-based process is arbi

trarily assigned the value of 1 .0.

The big advantage of the AHGP is clearly the

reduced parasitic consumption of coal gas, say

Portzer and Gangwal. The other operating cost

elements are also lower for AHGP because that

process has a considerably lower compression

power requirement. A desulfurization process

based on the DSRP requires a large flow of

compressed air to provide the oxygen necessary

to regenerate the sulfided sorbent and thus has

a large compressor horsepower duty. By com

parison, the AHGP uses oxygen only for a

smaller, polishing regeneration and, by using

pure oxygen, the compression duty is lowered

further. The AHGP also has the S02 loop recy
cle compressor, but its duty is quite small com

pared to the DSRP air compressor.

The value of "capital cost of all
equipment"

for

the AHGP is higher than for the DSRP-based

process. The higher equipment cost is primarily

due to the higher cost of the AHGP reactor ves

sel^). Although there are three separate reac

tor steps required with the DSRP-based proc

ess, the single AHGP multistage regeneration

reactor vessel(s) is larger. The larger size is

primarily due to the longer residence time re

quired for the S02 regeneration.

Another advantage of the DSRP is that it lacks

the large recirculating process stream, and

therefore would be the easier process to oper

ate. It is anticipated that balancing the S02
production and consumption in the AHGP to

maintain the S02 recirculation may be difficult.

Presumably a simpler process would have lower

operating labor costs.

Although the AHGP has a higher initial cost,

indicated by its larger capital requirements, it

has a significantly lower annual operating cost

than DSRP. The operating cost difference is

large enough to offset the installation cost of

AHGP. AHGP has a lower cumulative HGD

investment after only 2 years of operation.

Future Activities

Additional sorbent modification and testing to

demonstrate H2S control to under 20 parts per

million volume in the AHGP is planned for fis

cal-year 1998-1999. Bench-scale testing with

actual coal gas using the RTI/Federal Energy
Technology Center Mobile Laboratory at the

Power Systems Facility is planned for the

1999-2000 timeframe.
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SHENHUA UQUEFACTION PLANT COULD

YIELD 23 PERCENT RETURN

China is the world's largest hard coal producer

and possesses huge reserves in trillions of tons

of all types of coal. Consequently, the cost-

effective use of coal for transportation fuels in

an environmentally friendly manner is justified

for China. In September 1997 Hydrocarbon

Technologies Inc. (HTI) signed an agreement

with Shenhua Clean Coal Technology Devel

opment Company Ltd. (SCCT) and China Coal

Research Institute (CCRI) on the feasibility

study for a Direct Coal Liquefaction plant in

China. A. Comolli et al. of HTI reviewed this

project at the
216th

American Chemical Society
National Meeting held in Boston, Massachu

setts, in August.

The project is to build a mine-mouth liquefaction

plant using coals produced in the Shenhua coal

field in Northern Shaanxi Province and Inner

Mongolia near Baotou City. Shenhua coal field,

previously known as Shenmu coal field, is the

largest developing coal field in China and the

eighth largest deposit of coal in the world, with

coal mines owned and operated by Shenhua

Group Corporation, Ltd., the parent company of

SCCT.

HTI COAL Process

The HTI COAL Process consists primarily of two

back-mixed reactor stages utilizing a proprietary
dispersed superfine, iron catalyst (GelCat) and

fixed-bed in-line hydrotreating. The process

operates under a pressure of 17 MPa and a

750F minus refined product is produced.

A slurry of pulverized coal in recycled, heavy
coal-derived oil is premixed and pumped

through a preheater along with hydrogen and

catalyst into the first-stage reactor. The effluent

from the first stage undergoes separation to re

move gases and light ends with the heavier liq
uid stream flowing to the higher temperature

second stage. Effluent from the second stage,

joined with overhead from the interstage sepa

rator, flows to the fixed-bed in-line hydrotreater

for enhanced upgrading to clean fuels. The ef

fluent from the hydrotreater is the major lique

faction product, mostly diesel, naphtha and a jet

fuel fraction. The atmospheric bottoms stream

containing solids is used as recycle with a por

tion going to a vacuum still and to solvent solids

separation, with the resulting bottoms going to

partial oxidation and the overheads to recycle.

A condensed flow diagram is shown in Figure 1.

Program

According to the agreement, the study includes

two phases of work. Phase I is a preliminary

feasibility study that involves a bench-scale

Continuous Flow Unit (CFU) test at HTI and a

preliminary economic evaluation based on the

test results and local economic data for the

plant. Phase II will be Process Development

Unit (PDU)-scale testing and a more in-depth

technoeconomic analysis. Following Phase II,
the detailed engineering design, procurement

and construction would commence on the

$1 .5 billion China grass-roots plant complex.

Phase I of Stage I has been successfully com

pleted and reported to China. Results were en

couraging: higher than predicted yields of clean

distillate fuels were produced, indicating im

proved economics.

Planning for Phase II is now underway with coal

being readied for shipment to HTI from the new

mine-mouth plant site. A 5-ton per day 30-day
PDU will provide scale-up data and products for

evaluation and to prove the concept.

Developments

Samples of two major Shenhua coal seams

were selected and shipped to HTI for CFU

(50-kilogram per day) testing using HTI's proc

ess. The coal analysis classifies the coal as a

low-ash, high-volatile bituminous coal. The

CFU run of 26 days was conducted to maximize

distillate yield, quality and selectivity. Variables

studied were catalyst concentration, space ve

locity and reaction temperatures.

Coal conversions for the entire run varied from

90 to 93 percent on a moist, ash-free (maf) ba

sis with an average of 91 percent for both coals.

The C4-524C distillate and 524C resid yields
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FIGURE 1
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were higher than projected by batch experi

ments. Distillate yields varied between 52 and

68 percent maf and 824C+ residuum yields

varied between 7 and 22 percent maf. At the

highest yield condition there was 15 percent

naphtha, 55 percent middle distillate and

30 percent heavy distillate. Hydrogen effi

ciency, distillate/hydrogen ratio, varied between

7.3 and 8.8 while consumption averaged

6.5 weight percent maf. C1-C3 gas selectivity,

gas/distillate ratio, varied between 0.18 to 0.22

with the lowest occurring at the highest distillate

rates.

Based on the overall distillate fraction proper

ties, the gasoline (IBP-204C) and diesel fuel

(204 to 343C) fractions most likely do not need

to be further hydrotreated. Also, they can be a

component in the refinery gasoline and diesel

pools where the gasoline octane number and

the diesel fuel cetane number can be met by

blending with other refinery product streams.

The products from coal liquefaction should meet

or exceed SINOPEC Standards for gasoline and

diesel fuel products, using commercially proven

refinery techniques for product upgrading.

The preliminary feasibility study envisions con

struction of a 12,000-tonne per day three-train

two-reactor coal liquefaction complex, complete

and stand-alone with facilities for coal prepara

tion, coal mixing, and liquefaction, hydrogen

manufacture, and product upgrading to finished

gasoline and diesel fuels. Also included are

byproduct recovery, effluent handling and

treatment, and utility generation except for

power.

Liquid products from coal liquefaction consist of

a C5 to 204C naphtha fraction, a light distillate

boiling in the 204 to 343C range and a heavy
distillate boiling in the 343 to 524C range.

Naphtha is hydrotreated and then catalytically
reformed to a finished gasoline product. Light

distillate is sent directly to diesel fuel product,

and heavy distillate is mildly hydrotreated and

sent to a Fluid Catalytic Cracker (FCC) for con
version into gasoline and diesel fuel products.
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Economic calculations use 33.3 percent equity

with long-term (10 years) debt at 10.53 percent

interest, 20-year plant life, and China raw mate

rial and product prices and tax structures. The

model calculates the financial net present value,

defined as the sum of the annual cash flows

discounted yearly at 12 percent, compounded

over the life ofthe project. Factors were applied

to United States Gulf Coast construction prices

for labor and construction costs in China and a

15 percent contingency was added for the total

constructed units including fee. Salvage value

was taken as zero.

The total plant cost was estimated to be

US$1 .52 billion, with annual revenues and op

erating costs of US$796 million per year and

US$639 million, respectively. The net cash flow

before taxes was estimated to be

US$157 million per year. Rates of return before

and after China taxes, are 23.3 and

18.5 percent, respectively. A site has been

chosen for a commercial coal liquefaction ven

ture near Baotou City, Inner Mongolia, close to

the coal mine and conveniently located for ac

cess to railway and highway transportation of

the raw materials and products.

TECHNOLOGY

NEW DESIGN DEVELOPED FOR KOPPERS

TOTZEK GASIFIERS IN SOUTH AFRICA

For the past few decades South Africa has re

lied on its cheap and plentiful coal resources as

a feedstock for its chemical industry. Kynoch

Fertilizer (Pty) Ltd. has successfully operated a

world-scale coal-based ammonia plant at Mod-

derfontein, South Africa, for over 24 years. In a

world now dominated by gas-based ammonia

Kynoch has been concerned for the past

10 years about the high energy consumption of

its coal-based plant. In order to keep abreast of

the trend in modem ammonia technology toward

lower energy consumption, a new atmospheric

pressure coal gasifier called the Advanced Coal

Gasification Process (ACGP) has been devel

oped to replace an aging set of Koppers Totzek

(KT) units at Kynoch's plant at Modderfontein.

W. Davey, of AECI Engineering (Pty) Ltd., et al.

compared the two processes at the 1998 Gasifi

cation Technologies Conference held in San

Francisco, California, in October.

The KT Coal Gasification Process

The KT coal gasification process comprises an

ellipsoidal vessel, refractory lined on the inside

and enclosed by a water jacket on the outside.

Pulverized coal from the service and feed bins

is mixed with oxygen in a mixing head and then

blown into the gasifier, at each end, at high ve

locity, through blowpipes.

The oxygen at first oxidizes the coal, yielding

temperatures, close to the burner mouth, in the

vicinity of 3,500C. Once the oxygen has been

consumed, the endothermic gasification reac

tions, of carbon dioxide and water with carbon,

take over, bringing the gas temperature down

rapidly to between 1,600 and 1,700C.

The hot raw gas leaves the gasifier through the

neck where it is quenched with water to a tem

perature of less than 900. The dust load car

ried by the gas is removed from the gas stream

bywaterwashing in the column approximating a

void column, followed by Theissen Washers and

a wet electrofilter.

Some of the ash in the coal melts at the gasifi

cation temperature and finds its way to the re

fractory-lined gasifier walls. The molten ash

runs down the gasifier walls and leaves via the

slag tap hole, from where it falls into a water

seal tank. The slag freezes instantly on entering

the water, forming granules which are removed

from the tank by a submerged chain conveyor.

Of the waste heat available from the gasification

process approximately one-third is recovered as

saturated steam at 250 kPa generated in the

gasifier cooling jacket, one-third is recovered as

saturated steam at 5.5 MPa generated in the

gas quenching system and one-third is
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quenched away with water in the gasifier neck

and subsequently lost to the wash water cooling

tower.

One KT gasifier will produce about 16,600 cubic

meters per hour of CO + H2, enough for about

200 tonnes of ammonia per day, and Kynoch

currently runs six gasifiers of this design in par

allel.

The ACGP

The proposed replacement gasifier is based on

a standard Babcock and Wilcox boiler design

and resembles a tall slender column of square

cross-section, the walls of which comprise

membrane panels resulting in a gas-tight, fully
water-cooled enclosure. Water is circulated

through the gasifier walls by natural circulation

from a steam drum mounted above the gasifier,

and from which saturated steam is withdrawn for

superheating.

Pulverized coal and oxygen are injected near

the base of the gasifier through eight burners.

Whereas the process of coal gasification is

identical to that occurring in the KT gasifiers, the

gasification chamber is several times larger.

There is no necessity for a water quench and

the gas is cooled by radiation to the gasifier

walls as it travels up the gasifier column. The

lower third of the gasifier walls are refractory

lined and the upper two-thirds are bare.

At a temperature below which the entrained fly-

ash is no longer sticky the gas then passes

through several banks of superheaters. At the

top ofthe gasifier the gas is turned through
180

and flows down through an economizer. The

gas leaves the gasifier enclosure at a tempera

ture of about 200C.

The ACGP process exhibits the following fea

tures:

A CO + H2 yield of close to 1 ,900 cubic

meters per tonne dry-ash-free coal, with

a CO:H2 ratio approaching 3.0. One

such gasifier will produce about

65,000 cubic meters per hour of CO +

H2, enough for about 750 tonnes ammo

nia per day.

Due to the exceedingly high tempera

tures which occur in the gasification

process the only hydrocarbon in the raw

gas is methane, which is present at a

concentration of less than 0.1 percent by
volume on a dry basis.

No toxic trace metals; they are leached

from the flyash in the wash water as

water scrubbing takes place at about

50C. With no hydrocarbons in the raw

gas no organic load is transferred to the

wash water.

Inherently safe, fully water-cooled gasi

fier enclosure, not subject to hot spots or

blowouts, nor dependent on a matrix of

temperature sensors covering the enclo

sure surface.

About 85 percent of the available waste

heat is recovered as high pressure su

perheated steam (6 MPa, 490C) making
it possible to use the steam to drive

steam turbines without the need for a

separately fired superheater.

Low corrosion potential by H2S owing to

the low partial pressure under atmos

pheric pressure operation, making it pos

sible to use commonly available carbon

and stainless steels in the construction of

the gasifier.

No moving parts in the furnace, and con

sequently no steam consumed to cool

such parts.

Relatively low capital investment owing

to the incorporation of components and

equipment which are standard in the

boiler industry.

Continuous pneumatic feed of pulverized

coal using commercially proven dust

pumps and continuous extraction of slag

using commercially proven submerged
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chain conveyors. No lockhoppers or

switching valves required for either duty.

Insensitive to raw coal particle size, as

all coal is pulverized. Coal with an ash

content as high as 21 percent can be ac

cepted.

Comparison of Pressurized

Versus Atmospheric Pressure Processes

For this comparison, each process has been

assumed to consume the same amount of coal,

and to produce raw gas of the same analysis, a

raw gas containing 100,800 cubic meters per

hour of CO + H2, at a delivery pressure of

2.0 MPa.

The pressurized gasifier is assumed to operate

at about 2.5 MPa which is considered repre

sentative of a typical dry feed entrained-flow

gasifier operating at elevated pressure. An en

ergy balance comparing the two processes is

given in Table 1 .

As expected, the shaft power required for the

raw gas compressor in the case of atmospheric

pressure operation exceeds the power of the

oxygen compressor in the case of elevated

pressure operation by some 2.4 times. How

ever, when viewed in the context of a complete

gas production island the shaft power penalty for

atmospheric pressure operation is about

17 percent.

TABLE 1

ESTIMATED POWER BALANCE COMPARISON

Elevated Pressure Atmospheric

Ooeration. MWe Pressure Ooeration. MWe

Sinks

Coal Pulverizers and Conveying System 1.3 1.3

Air Compressor 16.4 16.4

Dust Pumps 0.6

Nitrogen Compressor 3.0

Oxygen Compressor 6.7

Recycle Gas Compressor 1.6

Raw Gas Compressor 16.2

Cooling Tower and Pumps 2.0 2.5

Boiler Feedwater & Circulation Pumps 0.6 0.5

ScrubbingWater Pumps 0.5 0.2

Total Shaft Power Required 32.1 37.7

Sources

Waste Heat Recovered 108.0 MWth 128.7 MWth

Steam Quality 4.0 MPa, 440C 6.0 MPa, 490C

Steam Cycle Efficiency 28.0% 31.0%

Equivalent Shaft Power 30.2 MWe 39.9 MWe

Net Power Exported (imported) (1.9) MWe 2.2 MWe
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Of concern to chemicals manufacturers is the

extent to which shaft power requirements may

be balanced by waste heat recovered from the

process. From this illustration it is shown that,
despite its lower power requirement, process

limitations may constrain waste heat recovery,

in the case of elevated pressure operation, to

the extent that 94 percent of the required shaft

power may be covered. Atmospheric pressure

operation, on the other hand, is less constrained

by process limitations and some 106 percent of

the required shaft power may be covered by
recovered waste heat. Overall, coal gasification

at elevated pressure may require the net import

of power from an external source, whereas coal

gasification at atmospheric pressure may result

in the net export of power.

Based on this comparison, the expectation of a

more favorable cost to construct, lower corro

sion potential and lower pollution potential,

Davey et al. conclude that there may be a place

for atmospheric pressure gasification, especially

in the field of chemicals manufacture.

constructed for the testing of various coals for

gasification, has recently been applied by Cal

deron for the demonstration of metallurgical

coke production. Production of high-quality
blast furnace coke has been confirmed at the

PDU, using a variety of metallurgical coal

blends, including a high-coking-pressure coal

blend. The ongoing goal is to build a full-scale

commercial demonstration unit (180 to 200 tons

per day) to demonstrate the scaleup of the

process as it will be applied commercially.

Calderon Concept

The Calderon reactor consists of an annulus

contained within a steel vessel which allows

pressurized self-contained anaerobic heating of

coal from two sides (see Figure 1). Driving
forces for the coking reactor operation are gen

erated with compressed air for combustion and

a hydraulic ram for charging coal while pushing

coke. Charging, pushing and quenching opera

tions are self-contained and continuous. The

byproduct coke-oven gas is converted to a clean

sulfur-free syngas.

CALDERON COKEMAKING PROCESS

MAKES COKE PLUS SYNGAS

An article by G. Mautz of LTV Steel and

D. Greenwalt of Bechtel Mining and Metals in

the 1998 ICST/lronmaking Conference pro

ceedings describe the benefits of the Calderon

cokemaking process. This technology provides

continuous cokemaking within a two-product

system of metallurgical coke and syngas which

offers substantial environmental benefits.

A planned commercial demonstration unit will

confirm the current design data.

The development of this continuous coal coking

process builds on Calderon's previous coal

gasification and hot gas cleaning work. Under a

Cooperative Agreement with the United States

Department of Energy, Calderon built an initial

demonstration unit at Alliance, Ohio, in 1991

which was successfully operated for coal gasifi

cation. The Process Demonstration Unit (PDU),

FIGURE 1

COMPARATIVEOVEN

CONFIGURATIONS
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Reactor Configuration

SOURCE: MAUTZANDOREENWALT

A single reactor is designed to produce 180 tons

per day of metallurgical coke. The productivity

of a single commercial Calderon reactor is

equivalent to 12 to 15 conventional 4-meter high

THE SYNTHETIC FUELS REPORT. JANUARY 1999

4-21



COAL

slot ovens. A 2.0-million ton per year Calderon

coke plant consists of 32 reactors.

Energy Efficiency

The Calderon high-temperature reactor unit is a

refractory-lined and insulated heat exchanger

contained in a pressurized steel shell. The

process heating is self sustaining, with recycle

gas used for coal drying and lean gas heat re

covery supplemented by a small amount of

product syngas for the reactor. A comparison of

process gas products from the Calderon reactor,

a slot coke oven and a non-recovery oven is

given Table 1 .

Environmental

This continuous cokemaking process within

pressurized vessels lends itself to zero dis

charge of air and water emissions to the envi

ronment. No transfer points are open to the en

vironment during charging, coking, pushing and

quenching operations.

Syngas

The gases produced during the coking operation

are contained at a pressure of at least 14 psig in

the coking reactor and sent to the Hot Gas

Cleanup (HGC) facility where the
hydrocarbon-

bearing coke gases are cracked to produce syn

gas (H2 and CO). The syngas from the cracker

will be delivered to the steel plant or to an ap

propriate application. The lean gas (CO and N2)
recovered from the regenerator is used as sup

plementary fuel for the coal drying, inert gas

supply and HGC. Flue gas from reactor heating
is cooled, passed through a coal dryer, and ex

hausted at an exit temperature of 120C. A

flare stack will dispose of any coke gases dis

charged during startup or upset conditions. Any

TABLE 1

COMPARISON OF PROCESS GAS PRODUCTS

Final Products

Equipment Required

Calderon

hot reducing gas

Conventional

tar, benzene, toluene, xylene,

naphthalene, ammonium

sulfate, phenol

hot gas cleanup (HGC) distillation columns, decanters,

absorbers, heat exchangers,

cooling towers, waste water

treatment, pumps, turbines, etc.

Non-Recovery

hotwaste flue gas

with no calorific

value

ID fans at power

plant

Gas Pressure

Gas Desulfurization

generated at 14 psi

and higher

included in HGC

Product of Desulfurization elemental sulfur

exhausters and boosters

additional facilities

elemental sulfur or sulfuric acid

ID fans at power

plant

additional facilities

landfill grade

gypsum
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H2S contained in the reactor rich gases is re

moved as elemental sulfur and collected in liq
uid form in a tank.

Calderon Concept Characteristics

Based on previous test work and results, a

modular, full-sized commercial coking reactor

has been designed to demonstrate continuous

cokemaking. Included with the demonstration

unit is an HGC system incorporating all the op

erating parameters (temperatures, pressures,

flows, etc.) of a commercial plant. After dem

onstration, the reactor will be replicated and

placed in a battery. Current design data indi

cate that 16 reactors are required to produce

0.9 million metric tons per year.

Crushing, blending and mixing facilities are en

visioned to be as the same as those required for

slot coke ovens. However, the coal feed to the

reactors will be dried and pneumatically trans

ported to the reactors by hot inert gas. Coal

drying will reduce the heat input to the reactors

and reduce coking time. Lower coking time re

sults in fewer reactors and lower capital costs.

Each coking reactor consists of a coal lockhop
per, a charge chamber, a hydraulic pusher, a

horizontally mounted wall heated coking cham

ber and a coke discharge communicating with a

coke quenching/discharge chamber. The

quenched coke and water will be discharged to

a common coke/water separator, then onto a

vibratory screen for coke sizing.

Coke Quality

According to Mautz and Greenwalt, the quality
of the coke produced by Calderon at its PDU

(prototype) in Alliance, Ohio, in 1997 is equal to

or better than that from conventional slot ovens.

It is well known that increasing the coal bulk

density increases coke strength. Coal in the

Calderon coking reactor is compressed by the

pusher until the resistance of the expanding

coke mass is overcome. Tests in the prototype

unit indicate a coal bulk density of 1 .0 kilogram

per liter. Given the refractory wall construction

of conventional ovens, it is impossible to raise

the coal bulk density above 0.8 kilograms per

literwithout inflicting damage to the ovens.

There is no tunnel head or open space above

the charge mass. Cracking of the evolved hy
drocarbons deposits carbon on the coke as all

the volatile hydrocarbons are forced through the

hot coke. This is expected to increase the fixed

carbon of the coke by 0.5 percent with a resul

tant increase in coke yield.

The most critical stage of the coking process is

the chemistry within the fluid zone. The longer

the residence time of the volatile products of

pyrolysis and carbonization in the fluid zone, the

better the quality of the resultant coke. There

are three ways to increase residence time of the

volatiles in the fluid zone; reduce the moisture

of the coal charge, increase the coal bulk den

sity and increase the gas pressure in the coking

chamber. The Calderon process incorporates

all three methods to levels unachievable in con

ventional or non-recovery ovens.

Coking ReactorMaterials and Design

The internal dimensions of the coking reactor

were designed to simulate the dimensions of

conventional slot ovens. The basic concept of

the reactor design was to take a slot oven and

roll it into an annuius. The coking reactor con

sists of two concentric cylinders (tubes) forming
an annulus to create the coking chamber.

Heating of the coke is indirect and countercur-

rent to the feed of the coal to the reactor tube.

Heat is supplied to the heating system by exter

nal burners, one for the inner tube and another

for the outer tube.

Contrary to the design of conventional ovens,

the heating of the Calderon coking reactor is

continuous and uninterrupted. The burners heat

continuously and at a constant rate for a given

feed and push rate and the thermal profile

across the reactor remains constant from instant

to instant except for the small drop each time a

push is made.
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Hot Gas Cleanup

Raw rich gas generated by the coking process

leaves the coking reactor at a controlled back

pressure and is transported to the HGC through

a refractory-lined duct system. The HGC is

comprised of a cracker and regenerator to treat

the raw gas. The cracker vessel is a refractory-

lined moving packed-bed vessel filled with a

sorbent medium. Hot raw gas enters the

cracker at the bottom and flows countercurrent

to the sorbent, which is slowly descending.

At a high temperature, the sorbent reacts with

the sulfur compounds, both H2S and organic

sulfur, contained in the raw gas, to desulfurize

the raw gas. The raw coke gas entering the

cracker is cracked and desulfurized in the same

vessel. Ammonia and HCN are destroyed in the

cracker. The gas leaving the cracker is a clean
desulfurized syngas comprised of 70 percent

hydrogen and 25 percent carbon monoxide and

a small amount of nitrogen from the nitrogen

contained in the coal. This high hydrogen gas

can be used as a fuel gas and is also an excel

lent feedstock for many chemical processes

including direct reduction of iron ores.

The sulfur-bearing media are transported to the

regenerator, a separate refractory-lined moving

bed vessel. A controlled amount of air, intro

duced into the regenerator, reacts with the sul-

fidized sorbent to regenerate it.

Industrial Applications

The indirect heated high temperature reactor is

a versatile tool for the production of metallurgi

cal coke and coking process gas, say Mautz and

Greenwalt. Applications other than the main

production of metallurgical coke for the blast

furnace include the utilization of the hot desul

furized syngas to provide metallic iron units as

feed for the blast furnace of an integrated steel

plant, or for production of a Direct Reduced Iron

(DRI) scrap substitute for Electric Arc Furnace

(EAF) steelmaking.

Depending on the syngas application and the

coking coal characteristics, from 1 .0 to 1 .2 tons

of DRI can be produced from a ton of coking

coal.

Future Steelmaking

The two-product met coke and syngas facility
with DRI production integrates well into a blast

furnace ironmaking plant combined with an EAF

steelmaking facility (Figure 2, next page). The

DRI would form 50 to 55 percent of the EAF

charge and liquid iron the remaining 45 to

50 percent ofthe charge.

METHANOUDME SEEN AS BEST

CHEMICALS FOR PEAK SHAVING IN IGCC

POWERPLANTS

Coal gasification generates an impure synthesis

gas which, before use in gas turbines for Inte

grated Gasification Combined-Cycle (IGCC)

plants, has to be cleaned thoroughly. The puri

fication of such a gas may be done by hot gas

cleaning to a level which allows the gas to be

used for production of chemicals such as

methanol or DiMethyl Ether (DME). Such prod

ucts may be attractive either for use in the

chemical industry or as automotive fuels. Alter

natively these fuels may be used as gas turbine

fuels for power production. In the latter case an

interesting possibility exists in the form of

chemical recuperation. Low-grade heat is used

in the catalytic transformation of methanol or

DME into hydrogen and carbon monoxide.

A paper by J. Hansen et al. of Haldor Topsoe at

the 1998 Pittsburgh Coal Conference in Sep
tember deals with the hot gas cleaning proc

esses and the catalytic processes involved in a

powerplant in which the produced methanol

and/or DME is used for peak shaving purposes.

By gasification of coal or heavy residue a syn

thesis gas containing a large amount of CO and

H2 is produced. If such a gas is thoroughly puri

fied, it may be used for synthesis of chemicals

such as:
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FIGURE 2

FUTURE STEELMAKING
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Commercial production of chemicals based

upon coal or heavy residue has not materialized

in any major way. The main reason is that the

investment cost for a plant producing the syn

thesis gas from coal is considerably higher than

a plant based on steam reforming of natural

gas.

The potential interest in IGCC plants using coal

and in particular heavy residue as feedstock for

production of chemicals is motivated by envi

ronmental concern about sulfur emissions. The

greater utilization of high-sulfur heavy residue

as feedstock in refineries would demand a dras

tic increase in their hydrogen consumption for

hydrotreating purposes. Instead the heavy resi

due can be gasified and used for hydrogen pro

duction.

Hydrogen production from synthesis gas is rela

tively easy to carry out. A number of commer

cially available sulfur-tolerant water gas shift

catalysts exist by which carbon monoxide is

converted with steam to carbon dioxide and hy
drogen. The sour gases H2S and C02 are then

removed before the hydrogen is further purified.

The purpose of the paper by Hansen et al. is to

demonstrate that chemicals or alternative fuels

like methanol, DME and F-T diesel may as well

be produced from gasification-derived synthesis

gas. Furthermore, the paper demonstrates the

greater versatility of methanol and DME com-
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pared to hydrogen and F-T diesel. Methanol

and DME can be used for small-scale hydrogen

production or on a larger scale in processes for

chemical recuperation of low-grade heat. For

powerplants this offers a unique opportunity in

using methanol and DME as peak shaving fuels.

IGCC gasifiers are most conveniently run at

constant capacity. Partial use of the produced

synthesis gas for chemicals production would

then allow either the sale of the chemicals or, in

the case of methanol and DME, their use in

peak demand periods with the added benefit

that if chemical recuperation is used a gain in

efficiency is obtained.

Synthesis Process

Figure 1 shows the overall layout of a gasifica

tion-based powerplant with additional methanol

and/or DME production. The oxygen-blown

gasifier produces a synthesis gas containing

hydrogen, carbon monoxide and carbon dioxide.

The H2/CO ratio depends on the fuel and gasi

fier type.

In order to coproduce chemicals the gasifier

should be oxygen blown. Otherwise the copro

duction will be expensive in terms of equipment,

and product separation will be more cumber

some due to the presence of nitrogen as an in

ert. The gasification pressure should be high in

order to have an appropriate synthesis pressure,

especially in the methanol case, where a gasifi

cation pressure above 60 barwill be beneficial.

The gas clean-up system includes:

Dust removal by ceramic filters

Halogen removal by K2C03 or Na2C03

cleaning masses

Sulfur removal by Sn02/ZnO

Methanol/DME Synthesis Unit

Methanol or DME synthesis in an IGCC context

is most conveniently done in a cooled reactor.

The heat produced is then converted into me-

FIGURE 1

BASICCONCEPT FOR IGCC POWER PLANTS
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dium-pressure steam. High conversions are

possible in the case of DME where more than

70 percent of the lower heating value of the

synthesis gas may be converted into DME.

Hansen et al. note that there are two issues

which are often discussed in connection with

operation ofmethanol or DME synthesis catalyst

in carbon-rich synthesis gases: temperature

control and catalyst stability. Temperature con

trol of cooled reactors can be difficult especially
at low loads with fresh catalyst. The problem

can, however, easily be solved by a modest re

cycle of the product. This principle has been

demonstrated in pilot scale. Furthermore, pilot

operation for more than 4,000 hours has dem

onstrated a high and stable catalyst activity.

Gas Turbine

The non-converted gas is heat exchanged and

sent to the gas turbine. In peak demand periods

the methanol/DME synthesis is bypassed and all

the cleaned gas is sent to the gas turbine.

Methanol and DME may be used as additional

fuel, eventually after chemical recuperation.

Chemical Recuperation

Chemical recuperation implies use of an endo-

thermic chemical reaction for absorption of heat

as an alternative to simple heat exchange or

steam production. In situations, where an ex

cess of low-grade heat exists, chemical recu

peration offers a possibility of an overall in

crease in the efficiency. Methanol and DME are

suitable for this application because the reverse

reactions of the synthesis may be carried out at

temperatures between 200 to 400C.

Topsoe has commercialized catalysts and proc

esses for production of hydrogen from metha

nol. This process may be used in large scale for

chemical recuperation in an IGCC plant pro

ducing methanol for peak load shaving, perhaps

as fuel to an additional gas turbine or for small-

scale hydrogen production.

Topsoe has recently shown that hydrogen may

be produced from DME as well, either for

chemical recuperation or for hydrogen produc

tion.

Chemical recuperation represents an alternative

to raising steam in a combined cycle. Steam

turbines are relatively expensive for small-scale

units.

Figure 2 illustrates the principle. Steam and

methanol/DME are converted in the chemical

recuperation reactor heated by the flue gas from

the gas turbine. Boiler Feed Water (BFW) can

be added to the fuel and the mixture can then

be evaporated and super-heated in the heat ex

changer E1 . Steam can also be added to the

exit stream from the chemical recuperation re

actor by evaporating BFW in the heat ex

changer E2.

Simplified calculations have been carried out to

investigate the benefits which can be obtained.

For reference cases without chemical recupera

tion, where the liquid fuel is directly burned, the

overall powerplant efficiency was 40 to

46 percent for methanol and 40 to 45 percent

for DME, depending on the pressure.

The efficiency is defined as the power produc

tion divided by the enthalpy of combustion of

the fuel in the liquid state.

When chemical recuperation is employed,

simulation results were 52 to 54 percent effi

ciency for methanol and 47 to 51 percent for

DME, depending on the process configuration

used to convert the liquid fuels back to gas.

Methanol is more efficient because the equilib

rium conversion is more unfavorable in the case

of DME decomposition. However, using DME

gives a higher flexibility and the possibility of

producing and exporting a good diesel fuel.

Hansen et al. summarize by stating that, for an

IGCC plant where methanol/DME production is

used for peak shaving purposes, reuse of the

fuel with chemical recuperation yields a high

overall efficiency which compensates for the

energy losses associated with the metha

nol/DME synthesis. This will not be the case
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FIGURE 2
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with F-T products because less waste heat will

be available due to limitations in the activity of

Ni-based steam reforming catalysts.

TARS FROM SUBCRITICAL EXTRACTION

OF COAL CATALYTICALLY DESULFURIZED

The sulfur content of many coals, crude oils and

bitumens results in serious problems in the utili

zation and processing of these resources, both

as fuel and non-fuel materials. Water above

critical temperature (374C) but below critical

pressure (221 bar) has been shown by the En

ergy and Environmental Research Center to be

an extremely effective fluid for removal of or

ganic sulfur from coals. However, a significant

portion of the sulfur removed is present as or-

ganosulfur compounds in the tar produced. In

order to be an acceptable fuel, the tar, there

fore, needs further desulfurization. R. Sharma,
of the Energy and Environmental Research

Center, University of North Dakota, et al. dis
cussed the catalytic desulfurization of tars from

subcritical extraction of bituminous coals at the

216th

American Chemical Society National

Meeting held in Boston, Massachusetts, in

August.

Several catalysts that previously exhibited ac

tivity for hydrodesulfurization of coal-derived

materials were tested for desulfurization of tar

produced from subcritical extraction of Illinois

bituminous coals. The tests were carried out in

an aqueous environment. Characteristics of

these catalysts are given in Table 1 .

Results

In a 1-hour test with the tar obtained from sub-

critical water extraction of an Illinois bituminous

coal, Emcat Elite (less than 1 weight percent Pt

on zeolite) gave a product with 0.995 percent

sulfur (dry basis), which is a 38 percent reduc

tion in the sulfur content of the tar (Table 2).

Minimal hydrocracking and gas formation oc

curred under these conditions, although it is

likely that some asphaltene hydrogenation oc

curred. The viscositywas significantly changed.

The Criterion 424 catalyst, which is Ni and Mo

supported on alumina and presulfided, exhibited
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TABLE 1

PROPERTIES OF CATALYSTS

Property

Nominal Size, in. (mm)
Chemical Composition, wt.%, dry basis

Platinum

Cobalt

Nickel

Phosphorus

Molybdenum

Alumina

Physical Properties

Surface Area

Pore Volume, cm3/g (H20)

Side Crush Strength, lb/mm (N/m)
Bulk Crush Strength, MPa

Attrition Index

Compared Bulk Density,
lb/ft3

(g/cm3)

Emcat Elite Criterion 448

1/20(1.3)

1

3.1

Criterion 424

1/20(1.3)

3.0

12.4 13.0

balance balance

265 155

0.54 0.47

5.6 (175) 3.6(165)
1.1 1.4

98 99

43 (0.69) 51 (0.82)

TABLE 2

CATALYTIC HYDRODESULFURIZATION OF TARS

Product, % Sulfur

Catalvst Tar, q Water, a % Received Sulfur. % Removed

None _ _ . 1.60 _

Emcat Elite 2.01 2.0 100 0.995 38

Criterion 424 2.02 2.01 98.5 0.30 81

Criterion 448 2.0 2.0 100 0.11 93

a significantly higher desulfurization activity

(81 percent sulfur reduction) than Emcat Elite.

Also, viscosity of the tar was significantly re

duced.

The reaction of tar with the Criterion 448 (Co

and Mo on alumina support and presulfided)
gave the highest reduction in sulfur contents

(93 percent reduction).
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In an aqueous system, hydrolysis is a major

concern with catalysts, e.g., minerals such as

limestone and dolostone and supports such as

alumina. This can result in loss in integrity of

catalyst through support degradation and

leaching of active metals.

Extended life of the catalyst is an economic re

quirement for use of the Co-Mo catalyst. Tests

were carried out to ensure that it may be reused

with the capability of continued tar desulfuriza

tion. Test data indicate that the Co-Mo catalysts

may be reused. After three tests with the same

catalysts, compliant fuel was still being pro

duced from tar with 3.91 percent sulfur, al

though some deactivation does occur,

i.e., sulfur removed changes from 97 percent

with new catalyst to 85 percent after the second

recycle of the catalyst.

EERC HIGH-TEMPERATURE,
HIGH-PRESSURE TRANSPORT GASIFIER

TO TEST OTHER FUELS

The United States Department of Energy's Fed

eral Energy Technology Center has sponsored

research in advanced coal-based power system

development at the University of North Dakota's

Energy and Environmental Research Center

(EERC).

M. Swanson and M. Mann of the EERC dis

cussed advanced high-temperature, high-

pressure transport gasification at the Advanced

Coal-Based Power and Environmental Systems

'98 Conference held in Morgantown, West Vir

ginia, in July.

The objective of the advanced high-

temperature, high-pressure transport gasifica

tion program at the EERC is to demonstrate

acceptable hydrodynamic and gasification per

formance of the Transport Reactor Demonstra

tion Unit (TRDU) gasifier under a variety of op

erating conditions and using a wide range of

fuels. Current objectives are focused on under

standing and improving the operation of the

transport reactor gasifier itself. A secondary

objective of the program is to demonstrate ac

ceptable performance of hot-gas filter elements

in a pilot-scale system prior to long-term dem

onstration tests.

Project Description

The TRDU is a 200 to 300-pound per hour pres

surized circulating fluid-bed gasifier similar to

the gasifier being tested at the Wilsonville, Ala

bama, facility. The TRDU has an exit gas tem

perature of up to 2,000F, a gas flow rate of up

to 350 standard cubic feet per minute and an

operating pressure of 120 psig. The TRDU

system can be considered in three sections: the

coal feed section, the TRDU and the product

recovery section. The TRDU consists of a riser

reactor with an expanded mixing zone at the

bottom, a disengager and a primary cyclone and

standpipe. All of the components in the system

are refractory-lined and designed mechanically

for 150 psig and an internal temperature

of2,000F.

The Hot-Gas Filter Vessel (HGFV) is designed

to handle all of the gas flow from the TRDU at

its nominal operating conditions. Filter vessel

design capabilities include operation at elevated

temperatures (to 1
,750F)

and pressures (up to

150 psig) with the initial test program operating

in the 1 ,000 to 1 ,200F range.

Sample ports for obtaining particulate and haz

ardous air pollutant samples were added to the

piping system so that a high-pressure and high-

temperature sampling system can be used to

extract dust-laden flue gas isokineticaliy from

the TRDU's reducing environment.

The fuels tested in the TRDU to date have been

a Powder River Basin subbituminous coal from

the Wyodak seam at the Belle Ayr mine in Gil

lette, Wyoming; an Illinois No. 6 bituminous coal

from Seam 6 of the Baldwin mine in Baldwin,

Illinois; a western bituminous coal mined from

the Hiawatha seam at the SUFCo mine in Sa-

lina, Utah; and a petroleum coke from the Hunt

Oil refinery in Tuscaloosa, Alabama.
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TRDU Operation

Four test campaigns had been conducted up to

the time of the conference. During these tests
179 hours of gasification and 234 hours of coal

feed with Wyodak subbituminous coal, 41 hours

of gasification on Illinois No. 6 bituminous coal

and 118 hours of gasification on SUFCo bitumi

nous coal were completed. In addition, 70 hours

of combustion on a petroleum coke were also

completed, with the system gases and fly ash

passing through the filter vessel during all of the

test campaigns. Table 1 summarizes the actual

operating conditions.

Factors that affect the TRDU product gas quality
appear to be circulation rate, coal type, tem

perature, and air/coal and steam/coal ratios. A

decrease in circulation rate improves the prod

uct gas quality by increasing the solid residence
time in the gasification zones of the TRDU;

however, lower circulation rate tests are more

prone to deposition and agglomeration problems

as a result of inadequate gas-solid mixing in the

mixing zone. The less reactive bituminous fuels

were gasified at higher temperatures to produce

a product gas quality similar to those obtained

with the Wyodak fuel. Higher operating tem

peratures increase carbon conversion for the

TRDU but again at the risk of increased ash

deposition. Higher steam/coal ratios result in

improved product gas quality with increased

hydrogen and carbon dioxide formation from the

water-gas shift reaction, but data also show that

additional CO was produced via the steam-

carbon reaction. Higher air/coal ratios gave

lower product gas quality, especially at ratios

above 3.5, with generally under 3.0 providing

the best product gas.

HGFV Operation

The HGFV had completed 700 hours of testing
at the time of the conference. The HGFV has

been operated between 950 and 1,050F at a

face velocity of approximately 3.8 to 4.5 feet per

minute. Backpulse operating parameters were

270 and 400 psig reservoir pressure with a

0.5-second opening time. The average par

ticulate loading going into the HGFV has ranged

from approximately 4,500 up to 38,000 parts per

million with a dso between 7 and 22 microns. A

substantial increase in the
"cleaned"

filter base

line pressure drops (from approximately 20 to

90 inches H20) has been observed in some, but

not all, of the tests. This filter ash averaged 40

to 60 weight percent carbon and had a low bulk

density of approximately 20 pounds per cubic

foot.

The small size, the lack of the cohesiveness

seen in other filter ashes and the low density of

the ash suggests that a high percentage of the

filter cake will be re-entrained back onto the fil

ters after they are backpulsed. Off-line cleaning

tests were completed, which indicated that 20 to

25 inches of the baseline increase is due to re-

entrainment of fine filter ash back on the can

dles and that off-line cleaning times of up to

300 seconds were needed to allow the back-

pulsed ash to clear the filters. In gasification

mode, the pulse frequency has been short, with

pulses occurring every 8 to 15 minutes. This

rapid pulsing is thought to be due to the high-

carbon low-density filter cake being able to

minimize its porosity on the surface of the can

dle, thereby resulting in a rapid rise in pressure

drop across the filters.

Injection of filter aid additives has been tested

with some success no additives have in

creased the backpulsing frequency, but some

have reduced or eliminated the rise in baseline

pressure drop.

Future Activities

Future plans are to modify the transport reactor

mixing zone and J-leg loop seal to increase

solids circulation and backmixing, thereby in

creasing solids residence time and gasifier per

formance.

Enriched air/oxygen-blown gasification tests will

also be conducted. The effects of different fuel

types on gasifier performance and the operation

ofthe hot-gas filter system will be measured.
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TABLE 1

TRDU ACTUAL OPERATING CONDITIONS

Run No.

P056 and P057 P056 P057 P058

Conditions Gasification Gasification Gasification Combustion

Coal Wyodak Illinois No. 6 SUFCo Pet Coke

Moisture Content, % 20.0 8.5 9.5 0.9

Pressure, bar 9.3 9.3 9.3 8.6

Steam/Coal Ratio (lb/lb coal) 0.29 0.39 0.14 - 0.41 0

Air/Coal Ratio (lb/lb coal) 2.69 2.59 3.34 - 3.45 15-20

Ca/S Mole Ratio (sorbent only) 2.0 2.0 2.0 1.0

Coal Feed Rate, Ib/hr 276.6 232.5 220 50

J-leg Zone, C, avg. 800 901 866 - 876 814

Mixing Zone, C, avg. 850 935 920 - 950 835

Riser, C, avg. 840 923 894 - 914 873

Standpipe, C, avg. 790 856 828 - 860 827

Dipleg, C, avg. 600 576 555 - 591 471

TRDU Outlet, C, avg. 795 870 856-877 835

Carbon Conversion, % 89 76 72-87 100

Carbon in Bed, %, standpipe 6-15 6-15 5-20 0

Riser Velocity, ft/s 30 24 25-31 24.5

Standpipe Velocity, ft/s 0.4 - 0.5 0.45 0.4 - 0.45 0.45 - 0.5

Circulation Rate, Ib/hr 3,000 - 6,000 4,000 2,650 - 4,200 2,000 - 4,000

HHV of Fuel Gas, act., BTU/scf 62-75 61 52-75 NA

HHV of Fuel Gas, cor., BTU/scf 105-117 113 93 - 130

Duration, hr 179 41 118 70

Date 2/17-2/23

3/31 - 4/3

2/23-2/25 4/3-4/8 5/1-5/4

INTERNATIONAL

AIR BLOWN GASIFICATION CYCLE SLATED

FOR COMMERCIALIZATION IN THE UK

The Clean Coal Power Generation Group
(CCPGG), comprised of GEC Alsthom, British

Coal Corporation, Mitsui Babcock Energy Ltd.

and PowerGen pic, was formed in 1993 to

complete the research and development re

quired for specification of the design of a com

mercial-size Air Blown Gasification Cycle

(ABGC) demonstration plant. Since Janu

ary 1998 another group, currently comprised of

GEC Alsthom, Mitsui Babcock Energy Ltd. and

ScottishPower, has been seeking the means to

construct and operate a demonstration unit.

ScottishPower is providing a site at Kincardine

where construction of a 90-megawatt-electrical

ABGC plant is planned.
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The United Kingdom Government is sponsoring

research on ABGC through the Department of

Trade and Industry's (DTI's) Clean Coal Tech

nology Program. Current projects include:

Design of a gas turbine combustion sys

tem for an ABGC Pilot Integrated Plant

(PIP)

e Studies in support of an ABGC PIP

Design of a Gas Turbine Combustion

System for an ABGC Pilot Integrated Plant

An important component of the ABGC devel

opment is the design of a gas turbine combus

tion system to bum the coal-derived Low Calo

rific Value (LCV) fuel-gas produced during coal

gasification. The aim of this project was to pro

vide a detailed bill of materials for this gas tur

bine combustion system. The approach

adopted was to minimize the required change to

existing turbine components. In addition, high-

confidence feasibility design concepts were pro

vided for both the air and fuel-gas manifolds to

achieve acceptable air and fuel distributions.

A first air-staged prototype combustor was de

veloped which was comprised of a flame-tube,
impingement liner, dual-fuel injector and transi

tion duct. The combustor design maintained the

essential features and stoichiometry utilized ef

fectively in an air-staged generic combustor de

veloped by the Coal Technology Development

Division of British Coal Corporation.

Following successful modifications to the rig
hardware, a second prototype combustor was

built and tested.

Firing of a simulated fuel-gas (simgas) achieved

satisfactory performance levels from 100 per

cent load down to 20 percent load. For the full-

load case:

Emissions of carbon monoxide and total

hydrocarbons were below 10 parts per

million volume (ppmv) and 15 ppmv

(15 percent 02 , dry) respectively. These

low emissions levels were maintained

down to the 20 percent load condition.

Nitrogen oxides levels of 70 to 80 ppmv

(15 percent 02 , dry) were measured for

an ammonia-in-fuel concentration of

1 ,000 to 1 ,500 ppmv. The correspond

ing ammonia to fuel-NOx conversion ra

tio was 25 to 30 percent.

Peak metal temperatures were 840 to

860C, which is considered acceptable

for an ABGC PIP application, particularly

if a thermal barrier coating approach

were to be utilized.

Studies in Support of an ABGC Prototype

Integrated Plant

The objectives of this program included:

To assist in the development of a speci

fication for an ABGC PIP

To evaluate the steady-state perform

ance, availability, reliability and eco

nomics of an ABGC PIP

To study Low Cycle Fatigue (LCF),

deposition and erosion in the gas turbine

and hot gas clean-up measures

At the conference "Gasification: The Gateway
to a Cleaner

Future,"

held in September in

Dresden, Germany, G. Welford of Mitsui Bab

cock Energy Ltd. (MBEL) described the com

mercial plant performance predictions.

Gasification Technology Description

The gasification technology is a pressurized,

submerged spouted, fluidized bed, which uses

air and steam as the fluidizing and gasifying

agents. The gasifier converts coal to an LCV

gas of between 4 and 5 megajoules per cubic

meter (wet, net), the residue being a solid car

bonaceous char. With a bituminous coal, about

75 percent of the coal is converted to gas (dry-

ash-free basis) and sulfur is retained by lime

stone in the bed.
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The gasifier (Figure 1) consists of a refractory-

lined cylindrical pressure vessel with a diameter

determined by the gasifier output, e.g., 3-meter
outside diameter for 150-megawatt-electrical

output. The height of the gasifier is approxi

mately 20 meters, which is sufficient to accom

modate the bed and a transport disengagement

zone, incorporated to minimize the elutriated

solids loading.

Fluidizing air and steam are divided into two

streams prior to injection into the vessel. Some

is injected at high velocity through the central

spout tube, with the crushed coal and sulfur

sorbent, into the bottom of the steep angled

conical base. The high velocity spout jet pro

motes an upward movement of gas, inducing
internal solids recirculation. This ensures that

the devolatilizing coal is rapidly mixed with non-

sticky bed particles; thereby preventing agglom

eration of the coal ash and swelling coal parti

cles, and ensuring a more uniform bed tem

perature profile.

The remainder of the fluidizing air and steam is

added through nozzles set in the wall of the

conical base section, promoting good particle

mixing in this region. The fluidized bed oper

ates at nominally 1 meter per second and at 900

to 1,050C, depending on the fuel properties

and the solid/gas conversion required. The

maximum bed temperature is maintained below

the bed agglomeration temperature which is a

function of the fuel ash chemistry. The fluidized

bed consists of a well mixed system of high car

bon char particles, ash, calcined limestone and

the sulfur capture product, calcium sulfide.

Gasification air is extracted from the gas turbine

compressor in advanced powerplant applica

tions, such as the ABGC and further pressurized

in a boost compressor. The steam used is par-

FIGURE 1

SPOUTED FLUIDIZEDBED GASIFIER
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SOURCE: WELFORD
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tially desuperheated, medium pressure steam,

extracted from the steam turbine.

The gasifier control philosophy minimizes the

steam input flow to optimize cycle efficiency,

while simultaneously preventing high spout or

cone temperatures. The coal-to-air input ratio

and char offtake are set to achieve the desired

bed temperature, bed inventory and coal con

version. Coal input is set to achieve the gas

demand of the gas turbine.

Unreacted coal char, ash and sulfur retention

products are removed from the base of the

gasifier, to prevent the accumulation of ash in

the system, at a rate that maintains the bed

height in the gasifier. Fine entrained particles

are removed from the fuel gas using a cyclone

and ceramic candle filters. Collected solids

from both are cooled in water-cooled screw

conveyors and depressurized through lockhop-

pers, before being passed to a combustion sys

tem such as the Circulating Fluidized Bed Com

bustor (CFBC) in the ABGC (see Figure 2).

The gasifier has been tested successfully using

a wide range of feedstocks, from a selection of

UK run-of-mine and internationally traded bitu

minous coal to lignites, including cogasification

of biomass and coal. The excellent mixing

characteristics of the bed, resulting from the

optimal design of the conical base, has allowed

even the most difficult, high swelling coals to be

processed without problems.

FIGURE 2

COMMERCIALABGC SYSTEM
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Application of the MBEL Gasifier in

the ABGC

The ABGC is a hybrid combined cycle power

generation system (Figure 2). The process in

volves the partial gasification of coal in the

MBEL gasifier to produce LCV fuel gas and a

char residue. The fuel gas is cleaned in a cy
clone initially, and then cooled in a raw gas

cooler. After cooling to between 400 and 600C,
the gas is finally cleaned in a high-efficiency
ceramic candle filter. It is then burnt in gas tur

bine combustor cans and expanded through the

turbine, generating electricity. The gas turbine

flue gas passes through a waste heat boiler,
where steam is raised for the steam cycle, be

fore passing to atmosphere. The char residue

from the gasifier and the fine particulate matter

collected in the cyclone and ceramic candle fil

ter are cooled, depressurized and then trans

ferred to an atmospheric pressure CFBC boiler,
where they are burnt to raise further steam for

the steam cycle.

Particular features of the ABGC as a clean coal

technology are:

Simplicity as no air separation unit is

needed and minimal integration leads to

simple control

Ability to deal with high ash content and

biomass/waste feedstocks

Competitive capital costs

High overall plant net efficiency

Competitive cost of electricity generation

e Low emissions

e Suitability for retrofit and repowering
schemes

Improvement potential through use of

supercritical steam cycles and advanced

gas turbines

High availability and enhanced operating

flexibility as major components can be

operated in isolation

Low ancillary power requirements

MBEL, Alsthom and ScottishPower have identi

fied Kincardine Power Station as a potential

host site for an ABGC demonstration plant. The

collaborative partners have been awarded

European Commission funds under the

THERMIE program to undertake the demon

stration plant engineering. This first phase is for

the design of the novel components of the

ABGC with the emphasis on reduction of risk of

their deployment within the ABGC demonstra

tion plant. Two possible scales of demonstra

tion plant are being considered, based on

GE Frame 6B and the more advanced

GE Frame 6FA gas turbines, giving 90 and

150 megawatts-electrical, respectively.

Promised ABGC Commercial Plant

Performance

The ABGC can achieve efficiencies of ap

proaching 50 percent based on Lower Heating
Value (LHV) using the most advanced gas tur

bines and supercritical steam conditions. A

number of studies have been carried out to

compare the ABGC with other power generation

technologies. The results are given in Table 1.

In 1993 the DTI Working Party compared the

ABGC with the British Gas Lurgi (BGL) Inte

grated Gasification Combined-Cycle (IGCC),

showing a clear advantage for the ABGC. In

1995 Stone & Webster compared the ABGC

with supercritical pulverized coal fitted with Flue

Gas Desulfurization (FGD) and Selective Cata

lytic Reduction (SCR) for nitrogen oxide control.

In 1996 the Electric Power Research Institute

(EPRI) took the basic data from the Stone &

Webster study and reworked the efficiency and

cost data for American ground rules. The other

technologies studied were IGCC and Pressur

ized Fluidized-Bed Combustion (PFBC) with a

ruggedized turbine configuration. The unit con

sidered was 300 megawatts-electric and thus
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TABLE 1

EFFICIENCY COMPARISONS FROM THREE STUDIES

DTI Working Party

Efficiency (LHV %)
Relative Capital Cost (per kW)
Relative Cost of Electricity (per kWh)

Stone & Webster

Efficiency (LHV %)
Relative Capital Cost (per kW)
Relative Cost of Electricity (per kWh)

EPRI

Efficiency (LHV %)
Relative Capital Cost (per kW)
Relative Cost of Electricity (per kWh)

ABGC BGL

46.5 44.1

100 111

h) 100 107

ABGC PF+FGD+SCR

47.8 44.7

100 123

h) 100 114

ABGC IGCC PFBC

46.5 42.3 43.4

100 138 108

h) 100 118 104

did not enjoy an economy of scale, giving higher

costs of electricity than normally expected.

While the absolute ABGC efficiencies vary

across the studies, the ABGC advantage over

the other technologies is common to all three.

The figures show the ABGC capital costs to be

between 10 and 25 percent cheaper than com

peting technologies. The relative cost of elec

tricity for the ABGC is between 4 and 15 percent

lower than the other technologies.

The emissions from commercial-scale ABGC

plants employing hot gas cleaning match or ex

ceed existing and proposed legislation in the

power generation markets.

The market potential of the ABGC has been

reported by the CCPGG task force of the Fore

sight Energy Panel to be 8 percent of the IGCC

market over the next 15 years. The estimate is

based on the suitability of the ABGC for high

ash coals common in areas of rapidly expanding

power generation markets such as India and

China.

FEASIBILITY STUDY SHOWS

UNDERGROUND GASIFICATION COULD BE

ECONOMIC IN THAILAND

A paper presented at the 1998 Pittsburgh Coal

Conference by J. Sole, of the North Dakota En

ergy and Environmental Research Center

(EERC), et al. summarized the results of a fea

sibility study for Underground Coal Gasification

(UCG) at the Krabi mine in Thailand. The study
was conducted by EERC in cooperation with

B.C. Technologies and the Electricity Generat

ing Authority ofThailand (EGAT).

At the Krabi mining area in southern Thailand

the increasing electric power demand and

steadily increasing costs of domestic strip-mined
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coal in Thailand have resulted in interest in al

ternative technologies such as UCG. Krabi

mines which were operating in depths beyond

economical limits and an outdated powerplant

were decommissioned in November 1995.

UCG technology could extend the life of the

mines in Krabi by utilizing resources beyond the

economical limits of conventional mining.

Geologic and hydrogeologic data resulting from

over 3 decades of mining in the area were re

viewed to determine the optimum location for

UCG development. From the five known coal

deposits at the site, Wai Lek was selected for

additional resource characterization specific to

UCG.

Coal Resource

The Wai Lek UCG resource is bound on one

side by a mine-pit highwall and on the other by a

large fault with approximately 70 meters of ver

tical displacement. The targeted coal sequence

between the Wai Lek pit and the fault lies at

depths between 90 to 280 meters below the

surface, with an average thickness of 27 meters

and a dip to the east decreasing from

35 degrees near the highwall to 16 degrees near

the limiting fault. According to Sole et al., the

coal sequence and the sediments of the over

burden and the underburden represent a low-

permeability system with average values of

transmissivity in the range of 1.3E-3 to

1.3E-2 square meters per day and hydraulic

conductivity of 7.2E-5 to 1.1E-3 meters per day.

The mineralogic nature of the coal ash and

overburden is favorable to environmentally ac

ceptable UCG.

Approximately 29 million short tons of resource

for immediate use lies within an area of

1 ,500 x 370 meters between the Wai Lek pit

and the fault. Because the site characterization

for the purpose of this feasibility study was lim

ited, further investigation would be required to

exactly delineate the fault in order to finalize a

detailed design of a UCG facility.

Process Selection

The UCG process selected for the demonstra

tion project is the linked vertical well process,

which uses reverse combustion to increase the

permeability of the coal seam between process

wells. It is the least expensive method suc

cessfully proven in the former Soviet Union and

the United States for UCG of shrinking coals.

The oxidant injection options considered were

air, enriched air (air with increased oxygen

content), and oxygen and/or steam. Enriched

air, as well as oxygen, requires an oxygen plant

for production. Because the power-generating

options recommended to EGAT can be fueled

by low-BTU gas, air was chosen as the oxidant.

Air-fueled UCG at the Krabi site is expected to

result in the production of UCG gas with a

heating value in the range of 3.7 to

4.7 megajoules per cubic meter.

Demonstration Plant

A UCG demonstration plant was sized and de

signed to provide fuel for the generation of

40 megawatts-electric. The UCG facility is as

sumed to operate for 20 years with a 90 percent

load or stream factor. A general description of

the UCG demonstration plant and the operating

assumptions required for the design are pro

vided in Table 1 .

Power Generation

Cofiring the UCG gas in the 300-megawatt-

electric oil-fired powerplant planned to go on

line in 2000 is the best option available to

EGAT. Alternately, the UCG gas could be util

ized to produce electricity on-site using gas tur

bine technology. Either a 40-megawatt-electric

simple-cycle gas turbine or a 60-megawatt-

electric combined cycle would be feasible.

Operation of the UCG demonstration plant ac

cording to the Base Case assumptions would

require a raw (uncleaned) gas selling price of
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TABLE 1

DEMONSTRATION PLANT DESCRIPTION AND OPERATION

Plant Description

Useable Energy Production Rate 460,000 MJ/h = 40 MWe

Plant Load Factor 90%

Plant Life 20 years

UCG Process Operation

Average Dry Gas HHV 4.66
MJ/m3

Module Coal Recovery 65%

Distance of Reverse Combustion Links 45.7 m

Gas Losses 0%

Gasification Thermal Efficiency 74%

Dry Gas Produced/Air Injected 1.41 mole/mole

Coal Seam Gasified

Coal HHV 8.92 MJ/kg (as-received)
Coal Density 1,735 kg/m3

(in-place)
Average Seam Depth 225 m

Average Seam Thickness 27.4 m

Hydrostatic Head at Depth of 252 m 2.41 MPa

Total Area of Coal Gasified in Plant Life 0.555 km2

$1.94 per million BTU to retire the debt in

20 years. This price is the equivalent of a coal

recovery cost of $14.88 per short ton. The

mining costs at Krabi ranged from $18.20 to

$22.75 per short ton prior to mine closure. A

summary of the UCG economics for Base Case

operation of the 40-megawatt-electric simple-

cycle gas turbine is provided in Table 2.

TABLE 2

UCG DEMONSTRATION PLANT ECONOMIC SUMMARY

Dirty Gas Selling Price

Capital Investment (installed)

Working Capital

Total Investment

Annual Operating Expense

0.0469 Baht/MJ ($1
.94/MMBTU)

339.227 MM Baht ($13,303 MM)
11.679 MM Baht ($0,458 MM)
350.906 MM Baht ($13,761 MM)
179.240 MM Baht ($7,029 MM)
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The authors conclude that low-BTU gas pro

duced from UCG could be economically used to

cofire the new oil-fired powerplant currently un

der construction at the site or could be used to

fuel a new simple-cycle or combined-cycle

power generation plant at the site. They state

that the commercial development of UCG for

this purpose poses minimal environmental and

economic risk and offers a means to effectively

utilize a significant domestic Thai energy re

source that is currently economically unrecover

able by conventional mining techniques.

TEXACO GASIFIER STUDIED FOR 400-MW

IGCC PLANT IN THE UK

The United Kingdom's largest coal mining com

pany, RJB Mining, has announced that it is con

sidering plans with Texaco to build a

300 million, 400-megawatt-electrical clean coal

powerplant beside the company's Kellingley col

liery in Yorkshire. RJB has reviewed available

technologies and selected Integrated Gasifica

tion Combined Cycle (IGCC).

National Power has also been drawn into a con

sortium to work on the project, which will initially
involve carrying out a feasibility study. National

Power's experience with the PuertoUano Project

in Spain will be invaluable and could mean it

taking a 40 percent share along with RJB, with

Texaco retaining a 20 percent share. With gov

ernment support, the consortium would aim to

have the station built within 2 years of starting.

C. Godfrey, of RJB, notes that, "The size of the

plant nearly twice as large as the Tampa

Electric IGCC in the United States, which util

izes Texaco's technologywill enable us to

reap economies of scale without necessarily

taking major steps forward in developing IGCC
technology."

SPANISH UCG TRIAL DEMONSTRATES

60 PERCENT CONVERSION

In support of a poster presentation at the con

ference "Gasification: The Gateway to a

Cleaner
Future,"

held in Dresden, Germany, in

September J. Conchello, of Underground Gasi

fication Europe (UGE) A.E.I.E., et al. describe

the efforts of UGE in bringing Underground Coal

Gasification (UCG) technology closer to reality.

UGE is a research company funded by govern

ment organizations from Spain, Belgium and the

United Kingdom with the support of the Euro

pean Commission under the THERMIE Program

for the development of innovative energy tech

nologies. It has successfully gasified part of a

coal seam at a pilot plant in Spain.

The next stage is to prepare and carry out a

commercial-scale trial to make the technology
available to the market.

The basic concept of UCG, illustrated in Fig
ure 1 ,

consists of a pair of wells intersecting in

side the coal seam. One of them is used to in

ject at high pressure the gasification agents

(oxygen and water) that react with the coal pro

ducing a combustible gas recovered through the

second well.

The reaction in the seam is started with a local

ized ignition of coal, proceeding immediately
with the continuous injection of the gasification

agents. The process develops by transforming
the coal in situ into a combustible gas that is

recovered at the surface. This product gas, rich

in CO, CH4 and H2, can be used as feedstock in

the chemical industry (methanol...), as a fuel

gas or for electricity generation in a high-

efficiency combined cycle.

Tectonic Structure

The tectonic framework in coal fields may range

from horizontal to steeply dipping beds. The

tectonic situation dictates the rock mechanics of
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FIGURE 1

UCG IN HORIZONTALCOAL SEAMS

SOURCE: CONCHELLO ETAL

the overburden, and therefore controls the roof

stability that will influence the cavity growth

evolution.

In horizontal and lightly dipping seams, the roof

stability is lower favoring material collapse and

formation of rubble piles. The gas tends to flow

rounding the pile and more coal is affected lat

erally. This effect leads to cavities of greater

width (Figure 1).

High tectonics have associated high pressures

which elevate the working pressure in the gasi

fier leading to a displacement in the reactions

that tends to increase the content of methane in

the product gas.

Drilling

A combination of directional and in-seam drilling
is required for the construction of initial channels

for gas flow in seams. The current ability to drill

deviated process wells and to maintain a drill bit

within a thin seam for a long distance has a sig
nificant economic advantage because gas pro

duction per well can thereby be maximized.

These required trajectories of deviated and in-

seam holes are similar to those of horizontal

wells widely drilled in the oil industry. Reliable

Measurement While Drilling (MWD) tools,
steerable Down Hole Motors (DHM) and mud

technology capable of controlling formation loss
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and well stability are available and well estab

lished.

A final short link between the ends of the two

wells involved is required to ensure a low resis

tance path for the recovery of the gas. This is

also achieved by the high accuracy of the direc

tional drilling to reach accurate targets and

avoids the necessity of any other final linking
technique such as reverse combustion or hy
draulic fracturing, which were used in earlier

UCG trials.

new channel are the options. Depending on the

site and well distribution, new gasifiers can be

started in different positions within the coal

seam until the exploitation of the resource is

completed.

For the total shutdown of the process, the oxy

gen injection is stopped and the exhausted

gasifier is rendered inert with nitrogen and filled

with water, normally from the formation.

UGE Site Trial

According to the authors, the application of new

and evolving drilling techniques (slim-hole drill

ing, coiled-tubing drilling...) will have a favorable
impact on the technical and commercial viability

of UCG in the future.

Process Phases

The process is handled through a sequence of

well defined phases adapted to the particular

production strategy. The first step is intended to

establish a gas flow circuit between the injection

and the production well using air or nitrogen as

the gas medium. Hydrofracturing may be re

quired to create a satisfactory pressure drop and

water will need to be removed from the well by
a suitable water-lift system.

Once the gas circuit is set up, the reaction is

started at the predetermined position in the

seam by provoking a localized ignition of coal

(with injection of oxygen-enriched air and use of

a heating source if required). The ignition of

coal under these conditions is a rapid operation,

after which the buildup of the injected agents

(oxygen and water) and the progressive gasifi

cation of the coal seam is allowed to take place.

Control of the process by reaction pressure, in

jection composition and flow rate are critical to

the successful operation of the process.

The production is maintained until a decline in

the quality of the recovered gas indicates the

depletion of that section of the gasifier. Further

ignitions with the Controlled Retraction of the

Injection Point (CRIP) process or a switch to a

During the 1990s UGE has been investigating a

UCG trial at the El Tremedal site, a coal field in

the vicinity of Alcorisa, Teruel Province, north

east Spain (see Figure 2).

The main objective was to demonstrate the

technical viability of gasification at intermediate

depth and in the thin seams typical of European

coal.

Between July and October 1997 UGE operated

the underground gasifier. The gasified coal

seam is 600 meters deep and 2 meters thick

and has a
30

angle of dip. The coal is subbi

tuminous with a heating value of

17.8 megajoules per kilogram.

The injection well enters the seam and contin

ues within the coal for 100 meters, following the
30

dip angle down-seam to the bottom of the

production well.

For the injection of the gasification agents a re

tractable coiled-tubing was selected to allow

displacement of the injection head along the

channel. With this system, several injection

pointswere possible.

The production well was drilled vertically to in

tercept the end of the injection channel. The

production tube is isolated by a surrounding an

nulus to reduce heat losses. A pair of water

pipes are installed for cooling the well bottom.

At the seam depth of 600 meters, the hydro

static pressure, which determines the required

injection pressure, is between 50 and 55 bar.
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FIGURE 2

LOCATION OF UCG SITE TRIAL

ISPAINI ^^'l
^ ZARAGOZA,

BARCELONA^r

\ madrid* ^j? J >r

\ mELTremedar

\j (ALCORISA)

SOURCE: CONCHELLOETAL.

The product had a high level of methane, hy
drogen and carbon monoxide with a heating
value of 10.1 megajoules per kilogram and a

uniform composition with time as indicated in

Table 1.

The energy production rate was maintained

around 2.5 megawatts with maximums of

7.5 megawatts.

Oxygen consumption was 0.3 ton per ton of coal

affected and the conversion rate (the fraction of

the affected coal converted into gas) reached a

global value of 60 percent for the whole trial

with values of 79 percent during some periods.

According to the authors, El Tremedal has es

tablished that an underground coal seam of

subbituminous coal at 600-meter depth can be

ignited and gasified in quantity to produce a gas

suitable, after cleaning, for power generation or

chemical manufacture. The gas of medium

calorific value contains high levels of methane

as well as the normal products of gasification,

namely hydrogen and carbon monoxide. The

process results in a product gas of high tem

perature and pressure thereby increasing its

enthalpy value.

Furthermore, there are indications from this first

test that the combustion process can be con

trolled by the injection rate and operating pres

sure to provide high turn down of the power out

put; an important consideration for electricity
generation.

Commercial Viability

These results give some indication of the vol

ume of coal that can be accessed per well for
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TABLE 1

PRODUCT GAS QUALITY

(Dry Basis, N2 Free)

co2 CO CH4 H2 H2S HHV

(Vol%) (vol%} fvol%} fvol%) fvol%) (MJ/kq)

41.0 12.7 13.3 24.8 8.2 10.1

gasification and thereby an indication of the

number of injection wells required for a selected

site.

An anticipated configuration could involve sev

eral injection wells connected to a common pro

duction well with a spatial configuration de

pending on the characteristics of the site

(Figure 3).

UGE believes that UCG has the potential to

benefit vast coal deposits unaccessible by other

means, and also could be a competitive alter

native to exploit mineable reserves. The range

of application of UCG might be wide, from

shallow coals to deep or undersea coals that are

not accessible at the moment. The continuous

evolution of drilling techniques with subsequent

reductions in costs will make UCG even more

attractive and competitive in the future.
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FIGURE 3

EXAMPLEWELLS CONFIGURATION FORUCGATCOMMERCIAL SCALE

500 m

SOURCE: CONCHELLOETAL
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STATUS OF COAL PROJECTS

COMMERCIALAND R&D PROJECTS (Underline denotes changes since January 1998)

ADVANCED AIR-BLOWNGASIFICATION SYSTEM - British Coal Corporation, United Kingdom Department 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 Alsthom, is developing an advanced coal-fired power

generation system known as theAir-BlownGasificationCycle (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 value fuel gas, while residual char is burnt as a single fuel, or in combination with another, in

the CFBC to raise steam for a steam turbine. All components ofthe plant are optimized to give a high overall efficiency.

Particular features oftheABGC as a Clean Coal Technology are:

Simplicity (no Air Separation Unit 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 is closing at the end ofDecember 1997. Tbe

technologywill continue to be developed byGEC/Alsthom andMitsui Babcock EnergyLtd.

AMMONIAPLANTOF THEWEIHE CHEMICALFERTILIZER PLANT - ChinaNational Technical Import and Export Corporation (C-17)

The Weihe Chemical Fertilizer Plant, located in the Shaanxi Province of China, will operate under a license from the Texaco Development

Corporation. This gasification plant in the agricultural province ofShaanxi will utilize China's most abundant energy source, coal, and convert 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; six use heavy oil fraction or resid as feedstock.

TheWeihe plant will produce 1,000 metric tons ofammonia per day. The ammonia will be used to produce an estimated 520,000 tons per year

ofurea fertilizer. Construction began inMarch 1992. Fertilizer production began in February 1996.

In 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 fueQ.

In 1998 annual ammonia productionwas about 120,000 tons and urea production about 250.000 tons.

Project
Cost-

About 4.2 billionYuan ($512 million, U.S.)

ARCH (ADVANCED RAPID COAL HYDROGASIFICATION) PROCESS - New Energy and Industrial Development Organization (NEDO) and

Japan Gas Association (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. The next step, scheduled

to begin in 2001, is expected to verify the operabilhy in a 50 tod pilot plant

Project Cost NotAvailable

ASH AGGLOMERATINGGASIFIER PDU - The Shanxi Institute ofCoal Chemistry, Taiyuan, Shanxi Province, China (C-19)

The Shanxi Institute ofCoal Chemistry (ICC) ofthe Chinese Academy ofSciences is developing an ash agglomerating coal gasification process.
The process is applicable to a wide range ofcoals including thosewith high ash content and high ash fusion temperature.

In 1983, a small scale pilot gasifier, or PDU, was set up. At first, different coals were gasified with air/steam as gasifying agents to make low

heating value gas for industry. Later, coals were gasified with oxygen/steam to make synthetic gas for chemical synthesis. A pilot scale

gasification system of24 tons per day coal throughputwas started up in late 1990 and placed into production in 1991.
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STATUSOFCOAL PROJECTS (Underline denotes changes since January 1998)

COMMERCIALAND R&D PROJECTS (Continued)

The gasifier is a cylindrical column of0.3 meter inside diameter with a conical gas distributor and central jet tube on the bottom. The enlarged

upper section is 0.45 meter inside diameter in order to settle out the gas-entrained coarse particles. The total height ofthe gasifier is about

7.5 meters.

Predried coal is blown into the gasifier after passing through the lockhopper and weighing system. Preheated air/steam (or oxygen/steam) enters

me gasifier separately through a gas distributor and central jet tube. The coal particles are mixed with hot bed materials and decomposed to gas

and char. Because ofthe central jet, there is a high temperature zone in the dense bed in which the ash is agglomerated into larger and heavier

particles. The product gas passes through two cyclones in series to separate the entrained fine particles. Then the gas is scrubbed and collected

particles are recycled into the gasifier through standpipes. The fines recycle and ash agglomerationmake the process efficiency very high.

Based on the PDU data and coldmodel data, a 1 meter inside diameter gasifier systemwas designed and constructed. Itwas operated normally at

atmospheric pressure to 0.5 MPawith a coal feed rate of 1 tonper hour.

ASH AGGLOMERATINGGASIFIER PROJECT - The Shanxi Institute ofCoal Chemistry, China (C-20)

A commercial gasifier ofthe ash agglomerating type (see C-19) was designed in 1995. It has a 2-meter inside diameter and a coal feed rate of

100 tons per day and production ofabout 170,000 NmVday ofhigh heating value gas. It is to be constructed in Zhenjiang Chy, Jiansu Province,
but has not been built as of 1998. due to financial problems.

BEIJING COKING AND CHEMICALWORKS - Beijing, China (C-21)

In 1958 BeijingCoking and Chemical Works set up a coke oven furnace and put it into operation for producing coke and town gas. Until 1996,

the annual production ofcoke increased to 2,000,000 tons formetallurgical use and the daily production oftown gas increased to 1,400,000 Nm5

for Beijing City. The high quality coke is being exported to Europe and Asia. The plant also produces more than 30 chemicals, which include:

benzene, naphthalene, anthraquinone, creosote oil,m.p-cresoL, and 1,8-naphthalic anhydride.

In 1998. 2million tons ofmetallurgical cokewere produced, and the daily output oftown gas is about 1.700.000 Nm*.

InChina, the coke oven process is not only used in iron and steel plants for producing coke for blast furnaces, but is also themost popular process

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: Shenyuan, Changchun, Harbin, Tianjin, Shanghai, Hangzhou, Kunming, Guiyang, Baoding, Shijiazhuan, Jienan,

Qingdao, Suzhou, Wuxi, Xuzhou, Fuzhou,Wuhuan, Changsha, etc.

BERAU PROCESS DERIVED FUEL (PDF) PROJECT - TEK-KOL Partnership (a partnership of SGI International and SMC Mining Co.), P.T.

Berau Coal andMitsubishi Heavy Industries, Ltd. (C-38)

Under an agreement between principals, a feasibility study for a 5,000 tonne-per-day Liquids from Coal (LFC) Plant was completed in October

1996. This plant would be located at P.T. Berau Coal's Lati Mine in East Kalimantan, Indonesia. The plant using the LFC technology being

demonstrated at the ENCOAL Plant near Gillette, Wyoming (see C-221) would produce about 2,750 tonnes per day of Process Derived Fuel

(PDF) and 3,000 barrels per day ofCoal Derived Liquid (CDL). The products would be marketed in the Asian/Pacific Rim region. The project

is currently (1997) on hold

ProjectCost Not available

BHEL PRESSURIZED FLUIDIZED BED IGCC PROJECT - BharatHeavy Electricals Ltd (C-45)

BHEL's involvement in the development ofcoal gasification concerns the better andwider utilization ofhigh ash, low grade Indian coals.

As a first step, BHEL has set up a 6.2 MWe Integrated Gasification Combined Cycle (IGCC) plantwith an in-house 150 ton per daymoving bed

gasifier integrated to a 4MWe gas turbine and a 2.2 MWe steam turbine combined cycle plant The plant was commissioned in 1986 and has

been operated formore than 7,500 hourswith the longest run of30 days.

BHEL considers fluidized bed gasification as a long term prospective for IGCC for high 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 amixture ofair

and steam at around 1,173K and a pressure of 1.013 MPa.

The PEDU has been operated for more than 2,500 hours with the longest continuous run of 168 hours. Th process and subsystem has been

stabilized The PEDU has been modified to improve carbon conversion and cold gas efficiency by recycling of cyclone ash and redesigning the

distributor section ofthe gasifier for partial burn-up ofbottom ash.
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BHEL has retrofitted a 168 ton per day fluidized bed gasifier to hs existing IGCC plantwith part funding by PACER under the USAJD program.

The gasifier has been successfully commissioned and is undergoing performance 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

BHEI, has prepared a rolling plan for the commercialization of IGCC technology in India. Projects addressing the reliability of equipment and

subsystems have been taken up.

Project Cost $12.5 million

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Department ofTrade and Industry, European Economic Community,
Ruhrkohle AG, Amoco, Exxon (C-70)

British Coal has completed operations with a 2.5 tons per day pilot plant facility at its Point ofAyr she, nearHolywell inNorth Wales utilizing its

Liquid Solvent Extraction Process, a two-stage system for the production of gasoline and diesel from coal. In the process, a hot coal-derived

solvent ismixedwith coal. The solvent extract is filtered to remove ash and carbon residue, followed by hydrogenation to produce a syncrude

boiling below 300 degrees C as a precursor for transport fuels and chemical feedstocks.

The process dries and pulverizes the coal, then slurries hwith a hydrogen donor solvent The coal slurry is pressurized and heated then fed to a

digester that dissolves up to 95 percent ofthe coal. Tbe digest is cooled depressurized and filtered to remove mineral matter and undissolved

coal. A fraction ofthe solventwashes the filter cake to displace the coal extract solution; residualwash oil is recoveredby a vacuum that dries the

filter cake. The coal extract solution is then pressurized mixed with hydrogen and heated before being fed to the ebullating bed hydrocracking
reactors. The product from this stage is distilled to recover the recyclable solvent and produce LPG (propane and butane), naphtha and mid-

distillate. Abyproduct pitch stream is siphoned offalthoughmaterial in this boiling range is primarily returned to the digestion stage as part ofthe

solvent The remaining streams consist ofUghthydrocarbon gases and heterogases formed from the nitrogen and sulfur in the coal.

Studies have confirmed that the process can produce high yields ofgasoline and diesel very efficiently-work on world-wide coals has shown that

it can liquefy economically most coals and lignite and can handle high ash feedstocks. The program was completed in June 1995. The final

report is complete and information is held by the UK Department ofTrade and Industry. British Coal will finally close at the end ofDecember

1997.

Project Cost 20million British pounds (1989 prices) construction cost plus 18million British pounds (1989 prices) operating costs.

BUGGENUM IGCC POWER PLANT - Demkolec, B.V. (C-91)

A commercial prototype IGCC plant has been built at Buggenum in the Netherlands, andwas started up at the end of 1993. The first electricity
from coal was produced inApril, 1994. The systemwas designed as one process trainwhh a combined cycle of283 MW.

The Shell system beingused 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 amedium BTU gas consistingmainly ofcarbonmonoxide and hydrogen, together with ammonia,
hydrogen cyanide, hydrogen sulfide, and carbonyl sulfide. The downstream process consists ofcooling and cleaning the gas of these toxic trace

compounds. The clean synthetic gas is 62 percent CO, 32 percent H2, and 5.5 percent inert gas. The residual sulfur content mainly unconverted

carbonyl sulfide, is less than 100 ppm by volume.

In the Buggenum IGCC project the gas turbine is used as a source ofoxygen for the process, and nitrogen to pressurize the coal feed system. Air

is bled from the compressor discharge and sent to a cryogenic air separation unit which yields oxygen to the process and makeup nitrogen to

pressurize the coal transfer system.

A 4-vear demonstration program (1994-1997) has been finished During the demonstration, 170 gasification runs, usingmore than 30 types of
coals, have been achieved Satisfactory performance has been achieved-15.000 operating hours ofgasification and 30.000 total operating hours
ofthe combined cycle (50/50 natural gas/syngas).

Results from Buggenum demonstration plant show that (1) a 600 MWe plant with 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 per million BTU) can be achieved; (4)
investment costs for a 600 MWe IGCCwill be less thanUS$1.400 per kilowatt.
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CALDERON COKEMAKINGPROCESS - Calderon Energy Company (C-97)

A cokemaking research and development project is being carried out using a single full-size reactor in Alliance Ohio to demonstrate the novel

Calderon Cokemaking Process. This process consists ofusing an array oftubular 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 emissions which plague

normal cokemaking operations.

The demonstration plant is designed to produce 192 tons ofmetallurgical coke per day. Production from a full commercial plant would be

1,600,000 tons per year.

The 60month demonstration project started inMay 1995.

Total Project Cost S12million; Government share: S3 million

CHINESE DIRECT UQUEFACTION PLANT USING HTI TECHNOLOGY - Hydrocarbon Technologies Inc. (HTI) and Chinese Central Coal

MiningResearch Institute (CCCMRI) (C-125)

In September 1997 HTL CCCMRI and China ShenHua Clean Coal Technology Company signed a detailed agreement titled "Feasibility Study

on Commercialization ofChina Shen Hua Coal Direct
Liquefaction."

supported bv the China State Planning Commission and the United States

Department ofEnergy. This project includes two phases. For the first phase. Chinese Shen Hua coal was sent bv CCCMRI to HRI to carry out a

50-kilogram per dav laboratory continuous liquefaction test Thisworkwas finished inMarch 1998. and a preliminary technical and economical

assessmentwas made. For the second phase, a 5-ton per dav pilot plant test is being carried out in the second halfof 1998. and a feasibility study

reportwill bemade.

The operation ofa commercial plant usingHTI's Uquefaction process is scheduled to begin in 2002 and would produce 50,000 barrels per day of

gasoline and diesel fuel from a daily feedstock of 12,000 tons per day ofShenHua bituminous coal. Based on scale-ups ofearlierHTI designs, it

is anticipated that tbe grass roots plant would produce products competitive in theUnited Stateswith $30-per barrel oil. In China the coal-derived

fuelwould be competitivewhh $18-per barrel oil.

COMMERCIAL LIQUIDS-FROM-COAL (LFC) PLANT - Zeigler Coal Holding Company (ZCHC) (C-160)

ZCHC, partners with SGI International and TEK-KOL, who owns the LFC technology, has begun the permitting process for construction of a

16,500 tons per day commercial LFC plant at the North RochelleMine in the southern end ofthe Powder River Basin inWyoming A 240MW

powerplant to be situated whh the LFC plant and partially fueled by fines from the LFC plant is also being considered See C-221 for

background onLFC technology.

In September 1997 itwas announced that the project had been canceled

CLEAN POWER FROM INTEGRATED COALORE REDUCTION (CPICOR) - CPICORManagementCompany LLC (CMC) (C-175)

Selected under the United States Department of Energy (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 181 MW ofpower, was to be integrated into the

existing steelmaking facility at LTV Steel Company's Cleveland works. In 1994, LTV withdrew from participation. DOE approved the

relocation ofthe project to the Geneva Steel plant atVineyardUtah.

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 making this the last project

award under the Clean Coal Technology Demonstration Program. The projectwill demonstrate the integrated production of liquid iron and the

coproduction ofelectricity using various U.S. coals. The project anticipated to start up in 2000, will, when complete, produce approximately

3,000 tons per day of liquid iron for use inGeneva's steelmaking process.

Geneva Steelwill own and operate the COREX ironmakingplantwhile Air Productswill design, build and operate the power plant as well as an

air separation unitwhich will provide oxygen for the direct ironmaking process. The latter two units will be jointly owned by Air Products and

Centerior.

In 1997 itwas announced that a different technology is now being considered for the project
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COREXPROCESS - VOEST-ALPTNE Industrieanlagenbau (VAI) (C-177)

An alternative iron making process that does not use coke has been commercialized at ISCOR's Pretoria Works, Republic 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 ismen 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 stream-iron ore in lump or pellet form-is first charged to a reduction shaft and contacted with reducing gas (65-70 percent CO and 20-

25 percent H2, 800-850C) from themeher-gasifier. The sponge ironwith a metallization 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 obtainedwhich has a caloric value ofapproximately 2,000 kcal/Nm*.

The first COREX plant a COREX Module C-1000 (1.000 tons per dav nominal hot metal production'), started up its industrial operation at

ISCOR Pretoria Works. Republic ofSouth Africa, in 1989. The operation improved continuously and up to 1998 more than 2.3 million 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 h 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 bv the Korean steel producer POSCO for the supply ofa COREX Plant C-2000 (2.000 tons per dav

nominal hotmetal production') at its PohangWorks. This plant started up inNovember 1995 and has producedmore than 1.9 million tons ofhigh

quality hotmetal up to date-

In July 1994 and December 1995 the Indian JINDAL group signed a contract for the supply of two COREX C-2000 plants, which will serve as

the hotmetal basis for the world's first
"greenfield"

plant featuring COREX technology. At this project the COREX export gas will be utilized

for power generation. The first hotmetal fromCOREXModuleNo. 1 was tapped on October 5. 1998.

In September 1994 two COREX C-2000 plants were ordered bv theKorean enterpriseHANBO Steel Ltd At this project the COREX export gas

is utilized for additional DRI production. Due to the bankruptcy ofHANBO Steel and assessment ofa new top management the startup plan of

the steelmill including the steelmehshop. continuous casting and hot and cold stripmills, is postponed

InDecember 1995 another COREX C-2000 plant was ordered bv Saldanha Steel Ltd in South Africa. This COREX plant will have an annual

capacity of650.000 tons ofhotmetal based on the use of indigenous lump ore and coals. The COREX gas will be utilized for DRI production.

As a special point of interest the works will be erected near a natural reserve. Besides the economical advantages another key reason why the

COREX process was selected was because of its environmentally friendlymode ofoperation.

Based on the successful operation ofC-2000, VAI introduced the next COREX generation to themarket in 1997the COREXModule C-3000.

This new generation, representing a 1.35:1 scale-up,will produce 1.1 million tons ofhotmetal peryear using 100 percent pellet feedstock.

COVOL COAL 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 briquetting process, 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 briquetteswill reduce environmental disposal problems currently faced by steel and coal producers. 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

allowed Covol to build additional facilities through June 1998.

Covol has licensed or constructed 24 full-scale briquetting facilities, most ofwhich are currently, and all ofwhich will ultimately be. owned bv

licensees. In addition, licensing agreements have also been executed which will provide for royalties for the manufacture and production of

"synthetic
fuel"

briquettes. Pursuant to these Ucense agreements, and depending upon the amount ofbriquettes that are produced and sold Covol

expects to earn Ucense fees receivable quarterly. In addition. Covolwill receive revenue from the sale ofhin<wmaterial

There are 10 primary coal supply regions in the United States. Currently, the company has at least one Covol licensed facility in six of these

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

Birmingport Mulga, Alabama 360,000

PacifiCorp Syn Fuel

Brookwood Brookwood Alabama 360,000

Pumpkin Center #1 and #2 FlatCreek, Alabama 720,000

CentralAppalacbia Region

Pace Carbon Fuels

Chelyan Chelyan,WestVirginia 600,000

Norton Norton, Virginia 600,000

Muddlety Muddlety,WestVirginia 600,000

Eckman Eckman,WestVirginia 600,000

Appalachian Synfuels #1 and #2

Fluor Corporation Pettus,WestVirginia 720,000

Mountaineer Synfuels Tallmansville,WestVirginia 360,000

Pocahontas Synfuel North Fork,West Virginia 380,000

NortheastAppalacbiaRegion

PelletCo

PleasantRidge GingerHill, Pennsylvania 300,000

Robena Paisley, Pennsylvania 580,000

Commonwealth Synfuel Karthaus, Pennsylvania 360,000

Pennsylvania Synfuel Project Somerset Pennsylvania 600,000

Illinois BasinRegion

USACoal, #1, #2, #3 and #4 Pawnee, Illinois 1,440,000

NorthwestAppalacbia Region

PelletCo Alledonia, Ohio 340,000

Maple Creek

TotalRated Capacity: 9,900,000

'Because all facilities are new, none has yet produced the annual capacity as rated by

engineering and equipment vendors.

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 will benefit steel and carbon producers

because theywill have an economical means to dispose ofwaste materials while providing a 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 (IntegratedGasification CombinedCycle) system.

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 2,224 hours, and tested on 20 different coals.
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Research and development on a 200 ton per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility and gas turbine

has been carried out extensively from 1986.

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International Trade and

Industry (MITI) andNew Energy Development Organization (NEDO). They evaluated eight systems combining different methods 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

demonstration plant which is composed ofcoal slurry feed oxygen-blown and hot-gas cleanup systems.

For the project to build a 200 ton per day entrained-flow coal gasification combined cycle pilot plant the electric utilities have 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 supported byMITI 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 site. Coal Gasification Tests began in June 1991 with the air blown pressurized entrained-flow

gasifier. Tests also began in 199 1 for the hot gas clean-up system and a high temperature gas turbine of1,260C combustor outlet temperature.

The operation ofthe pilot plantwas completed in February 1996.

Project Cost: 63 billionyen

DATONG COALGAS PLANT - DatongChy, Shanxi Province, China (C-204)

The Datong Coal Gas Plant has two sets ofcoal carbonization vertical usingDatong bituminous coal retorts for producing 120,000Nm? oftown

gas daily, with high quality coke as byproduct

In 1996 two sets ofvertical retorts and three water gas generators were constructed The town gas supply has been increased to 240,000
Nm3

daily.

ExpandingCapital Cost: 70million ChineseYuan

DELAWARE CLEAN ENERGY PROJECT - Motiva Enterprises LLC (C-208)

The Delaware Clean Energy Project will be located at Motiva
Enterprises'

refinery at Delaware Chy, Delaware. Motiva Enterprises LLC is a

United States joint venture between SheU Oil Company. Texaco and Saudi Aramco The project will utilize Integrated Gasification Combined

Cycle (IGCC) power technology featuring proprietary technology licensed by Texaco. The Texaco IGCC process will convert petroleum coke

into clean syngas used to fuel a gas turbine to produce electricity. The exhaust heat will 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 projectwill include liquified sulfur and slag, whichwill be used inmetals reclaiming and as an aggregate for

road construction. External transportation ofcoke byproducts will be reduced in the IGCC project along with dust and other impacts associated

with the transport

DESTEC SYNGAS PROJECT - LouisianaGasification Technology, 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 trillion BTU ofon-spec syngas and has reached 3,369,1 14 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 of 100 percent availability and 89 percent capacity factorwas reachedmFebntary 1995.

At full capacity, the plant consumes 2,400 tons ofcoal per day providing 30 billion BTU per day ofmedium BTU gas. The process uses Dow-

developed coal gasification technology to convert coal or lignite intomediumBTU synthetic gas.

The process uses a pressurized entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow"s GAS/SPEC ST-1 acid

gas removal system andUnocal's Selectox sulfur conversion unit are also used Oxygen is suppUed byAir 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 operated by Louisiana Gasification Technology Incorporated awhoUy owned

subsidiary ofHouston-basedDvnegy Inc.
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In this appUcation, the Destec Syngas Process and the associated process 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 tbe amountofgas produced by 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 million. LGTI has ceased operations in November

1995 having completed the Synfuels Corporation contract The plant has been decommissioned

A 30-kilowatt carbonate fuel ceU pilot plant has been tested successfuUy at the Destec she, and has achieved 2,000 hours of operation during
endurance tests on syngas produced atDestec's coal gasificationplant

Project Cost $72.8milhon (excluding power plant andASU)

DUNNNOKOTAMETHANOLPROJECT - TheNokota Company (C-215)

The Nokota Company is the sponsor ofthe Dunn-NokotaMethanol Project, Dunn County, North Dakota. Nokota plans to convert a portion of

hs coal reserves in Dunn County, via coal gasification, into methanol and othermarketable products, including carbon dioxide for enhanced oil

recovery in the WilUston and Powder River Basins. $20 million has been spent and 12 years have been invested in she and feasibility studies.
After thorough pubUc and regulatory reviewby 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 receipt ofall permits, approvals, and certifications required from federal, state, and local authorities
andupon appropriate market conditions formethanol and other products from the proposed facility.

ProjectCost $2.6 biUion (Phase I andU)
$0.2 biUion (CO2 compression)
$0.1 biUion (Pipeline interconnection)
$0.4 biUion (Mine)

EASTMAN CHEMICALS FROM COAL - Tennessee EastmanDivision (C-216)

Tennessee Eastman Division, a manufacturing unit of Eastman Chemical Company, operates hs chemicals from coal complex at Kingsport,
Tennessee. The capacity ofacetic anhydride made via carbonylation ofmethyl acetate is 1.2 biUion pounds per year and the capacity for acetic

acid is 410million pounds per year. Eastman also has capacity of600 million pounds per year ofacetic anhydride via the ketone furnace route.

ENCOALLFCDEMONSTRATIONPLANT - ENCOAL Corporation,United States Department ofEnergy (C-221)

ENCOAL Corporation, a whoUy owned subsidiary of AEI Resources Inc. ofAshland 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 ofthe original $72.6million 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 providedbyTEK-KOL, which also has primary responsibility for commercialization. AU assets are assigned to ENCOAL

while aU technology rights are held by TEK-KOL and licensed to ENCOAL

The plant is designed to be operated as a small commercial facility and produce sufficient quantities of process derived fuel and coal derived

liquids to conduct fuU scale test bums ofthe products in industrial and utility boilers. Feed coal for the plant is purchased from the Buckskin

Minewhich is owned and operated by Triton Coal Company (awhoUy owned subsidiary ofBluegrass Coal Development Company, also an AEI

subsidiary). Other United States coalsmay be shipped to the demonstration plant from time to time for test processing, since the process appears

toworkweU on lignites and some Eastern bituminous coals.

A Permit to Constructwas received from theWyomingDepartment ofEnvironmental Quality, Air Quality Division for the demonstration plant

Itwas approved on the basis ofthe use ofbest available technology for the control ofSOx, NOx, CO, hydrocarbons and particulates. The plant is

designed to have no solid or liquidwastes and source water requirements are very small.

Groundwas broken at the Buckskinmine she for the commercial process demonstration unit in late 1990. Construction was completed bymid-

1992. The plant built to process 1,000 tons ofcoal per day and produce 150,000 barrels of tiquids per year plus 180,000 tons ofupgraded solid

fuel, completed the first 24 hour integrated test run in June 1992. During this run it operated at about 70 percent of hs capacity and made

specification sotid and Uquid 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
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continuous run in April through June 1994. The plant was then declared operational, although it is now limited to SO percent of its design

capacity due to the capacity ofthe new equipment

Since that time ENCOAL has produced PDF andCDL for test bumsm toe utility andmetaUurgicalmarkets.
Seventeen unft trains, containing up

to 100 percent PDFwere shipped and successfuUy burned in utilities in Oklahoma, Iowa, Nebraska, Missouri, Wyoming and Indiana In April 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 thatwith one pulverizer out ofservice, the capacity was increased significantly relative

to the base blend and that therewas a 20 percentNOx reduction.

More than 4 million gallons ofCDL, the Uquid product have been shipped to various industrial customers. Some blending problems surfaced
but the test bums were largely successful. ENCOAL has been investigating several methods for upgrading the CDL into other marketable

commodities. Potential consumers ofthe cresylic acid and the pitch fraction oftheCDLhave been identified

In October 1994 ENCOAL was granted a two-year $2.1 million extension ofthe Cooperative Agreement with the DOE that carried through

September 1996. At that time ENCOALwas granted a six-month no-cost extension throughMarch 17, 1997 and ultimately through July 1997,
when all reporting requirements were completed and the agreement terminated The ENCOAL plant is shut down on standby pending additional

testing orproduct delivery requirements.

In pursuit of commercial applications 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 in China andAustralia.

Total Project Cost: $90.7milhon

FIFE AFT- IGCC POWERPROJECT - Global Energy, Fife Energy Ltd (C-224)

Fife Energy Ltd's Environmental Energy Park (formerly the Westfield Development Centre) in Fife, Scotland is the she of the AFT-IGCC

(Advanced Fuel Technology-Integrated Gasification Combined-Cycle) 110-MW Power Station. Global Energy and hs subsidiary, Fife Energy,
purchased fromBritish Gas theWestfield she and the rights to the British Gas/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 SoUdWaste (MSW) or sewage sludge, combinedwith a carbon source such as petroleum cokes or coal.

The AFT-IGCC project at Fife is built around the existing gasification and infrastructure facilities. The 500-tonne per dayBGL slagging gasifier

is the centerpiece ofmis facility. Tbemajor hems ofnew equipment that are being added to the existing faculties include: Gas Purification and

associated Gas Island components, Fuel Island components for fuel handling and briquetting, togetherwhh a complete Power Island The Power

Island features the General Electric 6FA gas turbine configured for dual-fuel syngas and natural gas operation.

The project plans to use a variety ofcarbon and organicwaste 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 Vitreous 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 composed ofthe inorganic portion ofthe waste 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

1956whh four Lurgi gasifiers. The site later became the development center for the slaggingBritishGas/Lurgi gasifiers. In 1992 Global Energy
Europe acquired the facility for development ofthe AFT-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 chlorodibenzofurans are destroyed in a short (about 2 second)

residence time. Coal or coke is used as the fuel and the bed supportmedium. Oxygen, steam and liquidwastes are introduced into the descending
bed ofcarbonaceousmaterial.

SGI units are available from Global Environmental-a 2-foot ID unft 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.
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GREAT PLAINS SYNFUELS PLANT - DakotaGasification Company (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 tbe gasification of 16,000 tons per day of North
Dakota lignite. Fourteen Lurgi gasifiers are used

Initial design work for a plant to produce 250miltion cubic feet per day (MMCFD) ofSNG was begun in 1973. In 1976 a partnership, Great

Plains Gasification Associates (GPGA),was formed after financing problems delayed tbe project and plant design was reduced to 125 MMCFD

ofSNG, assuming an operating factor of91 percent The partnership was formed by affiliates ofAmericanNatural Resources, Peoples Gas (now
MidCon Corporation), Termeco Inc., Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms
ofthe partnership agreement Great Plainswould own the Facilities, ANG Coal GasificationCompanywould act as project administrator, and the
pipeline affiliates ofthe partners would purchase the gas. FuU-scale construction did not begin until 1981 when the United States Department of

Energy (DOE) announced approval ofa conditional commitmentofa $2.02 biUion loan guarantee for the project Constructionwas completed in

1984. In 1985 GPGAwithdrew from the project due to projected operating losses and the DOE assumed ownership and operated the plant until

ownershipwas transferred to theDGC in 1988.

UnderDGC operations, the plant has been producing SNG at over 125 percent ofdesign capacity. One hundred sixtymillion standard cubic feet

per day of 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 ofphenol annually as weU as marketable crude cresylic acids.

Marketing a krypton/xenon gas mixture, recovered from the synfuel plant's oxygen plant was also begun in 1991. In 1993, DGC installed a

hydrotreater to begin marketing naphtha. Other byproducts being sold include anhydrous ammonia, sulfur and Uquid nitrogen. Other potential

byproducts include argon, carbon dioxide and creosote.

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 ofammonium sulfate, a commercial fertilizer. The final cost of this facility is approximately
$100million, $30miltion ofwhichwas providedby a DOE trust fund established as part ofthe sale ofthe synfuels plant to DGC. Installation of

this facilfty. however, did not bring the plant into compliancewith hs limitations forparticulate and visible plume. As a result DGC and the State

ofNorth Dakotawill execute a consent agreement requiringDGC to install awet electrostatic precipitator on the back end ofthe new scrubber.

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 $16million in financial assistance to DGC for this project Approximately 15 percent ofthe ammonia production wfll be utilized

in the FGD unft to produce ammonium sulfate. To manufacture the anhydrous ammonia, DGC diverts 34 MM scfd of SNG to the ammonia

plant

InMay 1997 DGC signed a 15 year take or pay carbon dioxide purchase agreement whh PanCanadian Petroleum Ltd to provide PanCanadian.

via pipeline, whh carbon dioxide for use in hs tertiary oil recovery undertaking at the large oil field managed bv PanCanadian located near

Weybum. Saskatchewan. To date, the project is ahead ofschedule and underbudget

Project Cost: $2.2 biUion

HARBIN GASIFICATION PLANT - Harbin Chy, Heilongjiang Province, People's RepubUc ofChina (C-245)

Construction ofa gasification plant near the Yi Lan mining districtwas 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 cfty gas for Harbin Cfty, using 5

Lurgi type German PKM pressurized gasifiers each wfth the diameter of3.6 meters. A gas pipelinewfth a diameter of 1 m and length of250 km

was constructed between toe plant and the cfty.

The first phase was completed in 1995. Normal production is 600,000 Nm3 of cfty gas per day wfth an annual production of 40,000 tons of

methanol. Scale up to the second phase was started in 1995. The total production oftown gas wiU reach 1.200.000 NnrVday wfth an output of

140,000 tons per year ofmethanol, and 36,000 kW of electricity generating capacity in 1998. whh three gasifiers in operation and two on

standby.

CapitalCost Approximately 1.5 biUionYuan
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HUMBOLTENERGY CENTERPROJECT - Continental Energy Associates and Pennsylvania EnergyDevelopment Authority (C-265)

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazle Township,
Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price and loan guarantees from

theUnited States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned down the request and the Department of

Energy stopped support onApril 30, 1983. The plantwas shut down and CANDO solicited forprivate investors to take over the facilfty.

The facility has been converted into a 135 megawatt anthracite refuse-fueled integrated gasification combined cycle cogeneration plant Gas

produced from anthracite coal in both tbe original facility and in new gasifiers is being used to fuel the cogeneration facilfty in conjunction with
turbines to produce electricity. One hundredmegawatts ofpower wiU be purchased by the Pennsylvania Power& light Company over a 20-year
period and the remainder ofthe power purhcased by Con-Edison. Steam is also produced which is available to industries within Humboldt

Industrial Park at a cost weU below the cost of in-house steam production. The combined cycle cogeneration plant has been in operation since

1990.

As of1998 the coal gasification plant has been shut down. The steam turbine has been shut down. The combustion turbine is being operated as a

simple cycle peaking unit of63 megawatts capacity.

ProjectCost over $100 million

JBEL/CARBONA IGCC PROJECT IN INDIA - IBILEnergy Systems, Sanghi Industries, CarbonaOy (C-270)

Carbona Inc. (tbe 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 developed by the 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

IBIL Energy Systems (IES) of India 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 andwfll be fueledwfthUgnfte. The powerplantwiU be built owned and operated by IES for 10 years supplying electrical power to SIL
andwfll be transferred to SIL after that period Commercial production ofthe cement plant wfll start in early 1997. Themodularly implemented

IGCC plantwfll start operation in the first halfof 1998.

The project includes a desalination plant forwater supply. The dedicated lignite-fueled 60-megawatt capacity powerplantwfll satisfy all on-site

power requirements and supply 40 tons perhour steam to the desalination plant

The project is being financed on the basis ofan energy conversion agreement under which SILwfll provide the lignite at no cost to IES. IES wfll
convert the Ugnfte to power, which wfll be provided at no cost to Sanghi Cement

to 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 wfll be compensated at a predetermined rate which wfll be about 1.65 rupees (approximately $0,055) per kilowatt-hour

including an imputed cost for the Ugnfte.

The gas turbinewas ordered in 1995 for shipment Site preparation started in July 1996. The steam turbine wfll be instaUed in the first halfof

1997.

To support the detailed design, lignite for pilot plant testingwas shipped to Finland in 1996.

Project Cost About $60 million,wfth about $30 million for the power island and $30million for the gasification island

IMHEXMOLTEN CARBONATE FUEL CELLDEMONSTRATION - 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 ceU (MCFC) to the power generation

industryby tbe end ofthe 1990s. The technology for thisMW-Class (1 MW nominal capacity) power plant for use in distributed generation and

cogeneration applications is being developed through a step-wise demonstration program which began in 1990 and wfll continue through 1999.

M-C Power leads a team which consists ofM-C Power, the Bechtel Group, Stewart and Stevenson Services, Inc. and the Institute of Gas

Technology. This team provides both themarket and powerplant expertise for this commercialization effort.

M-C Power's IMHEX stack technology wfll be demonstrated in commercial-scale hardware over the next two years. A process development

power plantwas instaUed atUnocal's FredL HartleyResearch Center in Brea, California and operated inmid-1995. The results ofthis testwere
incorporated into process changes for a 250 kW integrated MCFC power plant demonstration constructed in 1996 at the San Diego Gas &
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Electric unft at the Naval Air Station Miramar. Operation ofthe powerplant began in early 1997. Upon completion ofthe initial testing the

powerplant had producedmore than 158MW and 296,000 pounds ofsteam.

In 1994 the U.S. Department ofEnergy announced a $103.9 mfllion five-year cooperative agreement wfth M-C Power. In addition to funding
provided by DOE ($70.6 million), the team and the she host support is being provided by the Electric Power Research Institute (EPRI), the Gas

Research Institute (GRI) and several electric and/or gas utilities.

INTEGRATEDDRYING, IGCC PILOT PLANT - Herman Research Pty. Ltd (C-275)

hi 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 caUed IntegratedDrying and Gasification Combined-Cycle (IDGCC)was

developed laboratory and pilot-scale research has 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 GasificationFacility atMorweU in the Latrobe VaUeywas 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 wfll be tested concentrating inftiaUy on coal from the Latrobe VaUey, wfth suitable coals from overseas to be tested later.

Testingwas scheduled to beginAugust 1996 and continue until the end ofDecember 1997.

JINLING PETROCHEMICALCORP. FERTILIZER PLANT - China PetrochemicalCompany (SINOPEC) (C-280)

AtNankingCfty, Jiangsu Province, China, the fertilizerplant ofJinlingPetrochemical 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 toe feedstock from naphtha to coal slurry. The Texaco coal slurry gasification process was selected for

construction. The production capacitywfll increase by 20 percent 500,000 tons per year ofthe Shaanxi Shen Fu-Yu Lin coal wfll be used wfth

the price only about one-sixth ofthe naphtha. The production cost ofurea after shifting ofthe feedstockwfll decrease from 1,250 yuan per ton to

1,000 yuan per ton and the plantwfll gain profits ofabout 97,000,000 yuan per year. The reconstruction has not begun as ofDecember 1998.

In addition to the Jinling plant the Baling and Hubei fertilizer plants and three othermiddle-capacity plant (Has Lianghe, Chang Shan and Liu

Jhutia)were also approved to shift their feedstocks from naphtha to coal slurry.

ReconstructionCost 1.5 biUion Chinese 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 the owner of the Company's

demonstration facilities located nearGfllette,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. (KFx), was formed to commercialize the process. KFx owns the worldwide patents and international

licensing rights to the process in theUnited States and 37 foreign countries.

KFx has commercialized the nitrogen-based Series
"C"

technology. The technology physically and chemicaUy transforms high-moisture, low-

energy, low-grade coaL Ugnfte, peat or other organic feedstocks (e.g., 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. AddftionaUy, lab tests indicate that fuel NOx emissions are approximately 50 percent less than

those generatedwhen burning conventional bituminous coals.

InAugust 1995 KFx and Thermo ECOtek Corporation, through theirwhoUy owned subsidiaries, entered into agreements to build and operate the

first commercial Series
"C"

plant to convert low-gradeWyoming coal into a clean sotid fuel. The plant began operations in 1998 and shipped hs

first unft train ofK-fuel to American Electric Power in November 1998. A portion of toe output from this first commercial plant is committed

under a product sales contract wfthAmerican Electric Power, and additional commitments are being negotiated Thermo ECOtek is the operator

and 95 percent owner ofthe 500,000 ton per year facility.

In April 1996 KFx and Kennecott Ahemative Fuels, Inc. (KECC), awhoUy-owned subsidiary ofKennecott Energy and Coal Company (whoUy-

owned by RTZ/CRA), formed K-Fuel, LLC, a Delaware limited tiabitity company (K-Fuel LLC). The purpose ofK-Fuel LLC is to further

develop the K-Fuel technology, market K-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 sublicenses to project entities. The Ucense granted to
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K-Fuel LLC specifies minimum terms and provisions for Ucense 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 by K-Fuel LLC. KFx retained the right to develop fts own project

entities in the eventKECC declines participation, and K-Fuel LLC must grant subUcenses to such entities. InhiaUy, KFx wfll have a 51 percent

interest inK-Fuel LLC andKECC wfll have a 49 percent interest except to the extent ofcertam research arid develojmient costs, which bywrhten

agreement are funded 100 percent byKECC.

KFx believes there are international opportunities to use the Series C technology to upgrade low-energy, high-moisture coal into high-energy,
low-

moisture coal. KFx has identified specific opportunities in the Czech RepubUc, Turkey, and Indonesia

KOBRAHIGH TEMPERATUREWINKLER IGCC DEMONSTRATION PLANT - RWE EnergieAG (C-294)

In 1992 RWE EnergieAG, a sister company ofRheinbraun AG, has decided to build a combined-cycle power station wfth integrated gasification

based on tbe High TemperatureWinkler (HTW) technology. Raw brown coal wfth 50 to 60 percentmoisture wfll be dried down to 12 percent

gasified and dedustedwfth ceramic filters after passing the waste heat boiler. After the conventional scrubber unft, the gas wfll 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:

Kombikraftwerk nutBraunkohlenvergasung, i.e. combined-cycle power stationwfth integrated brown coal gasification).

The capacity ofthe KOBRAplant sUghtly exceeded 300MWe. 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 reached

anet efficiency of45 percent

To implement this project a task force comprising staffmembers ofbothRWE EnergieAG and Rheinbraun AG 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 overaU efficiency is the coal drying systemwhich reduces themoisture content ofthe raw brown coal to

12 percent For this step, Rheinbraun's WTAprocesswas 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 project was handled byLurgi GmbH.

By the end of 1992, all process engineering criteria had been determined The commissioningofthe demonstration plantwas expected to begin in

mid-1996.

In 1994, RWE EnergieAG decided to postpone theKOBRAdemonstration project and start a three-yearR&D program to determine reliability of

components and processes, to reduce operational and mvestment costs, and to increase efficiency. This R&D program was started in 1995 and

wfll be finished in 1997.

The experimental activities were performed at the HTW demonstration plant in Berrenrath and the WTA demonstration plant in Frcchen. 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 bv combining efficient drying with a

lignite-based power plant wfth optimized plant technology (BoA technology') to yield the so-caUed BoA-Plus concept which is thus of equal

ecological value to the KoBra technology. Economically, the BoA technology offers the advantage ofbeing more readily available due to the

largely known components and being subject to a smaller risk. Therefore. RWE Energie AG has decided to further pursue tbe BoA/BoA-Plus

technology.

LANZHAUCOALGASIFICATION PLANT - Lanzhau Cfty, China (C-325)

The Lanzhau gasificationplant located atYaojiemining district in the Gansu Province, started in 1991 to produce 540,000 Nm3 oftown gas per

day, byusing five Lurgi-type gasifiers whh a diameter of2.8m, imported from Czechoslovakia

As of 1998 six gasification plants, wfth a total of28 Lurgj-type gasifiers imported fromGermany and Czechoslovakia usingUgnfte or bjtumjnous

coals as feedstock and steam-oxygen as gasification agents, have been buflt for producing town gas.

LAPORTE ALTERNATIVE FUELS DEVELOPMENT PROGRAM - Air Products & Chemicals, Inc. and United States Department of Energy

(DOE)(C-330)

Air Products and Chemicals, Inc. is proposing a 36-month program to develop technologies for the conversion of coal-derived synthesis gas to
oxygenated hydrocarbon fuels, fuel intermediates, and octane enhancers, and to demonstrate the most promising technologies in DOE's Slurry
Phase Alternative FuelsDevelopmentUnit (AFDU) at LaPorte, Texas. Wfth emphasis on slurry phase processing, the program wfll inrtiaUy draw
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on the experiences ofthe successful Liquid Phase Methanol (LPMEOH) program. See completed project "LaPorte Liquid Phase Methanol
Synthesis"

inDecember 1991 Synthetic Fuels Report for details on the LPMEOH project

The alternative fuels development program aims to continue the investigations initiated in the above research program, wfth the principal

objective being demonstration ofattractive fuel technologies in the LaPorte AFDU. The focus is continued in pilot plant operations after a 12-18

month period ofplantmodifications. Certain process concepts such as steam injection, and providing H2 via in sftu water-gas shift, wfll assist in

higher conversions offeedstockswhich are necessary, particularly for higher alcohol synthesis.

Four operating campaigns are currently envisaged The first wfll focus on Fischer-Tropsch technology using syngas to produce a range of

hydrocarbons including diesel fuel and gasoline. Tbe second wfll demonstrate production of dimethyl ether/methanol mixtures to (1) give

optimum syngas conversion to storable Uquid fuels, (2) produce mixtures for both stationary and mobile fuel applications, and (3) produce the

maximum amount of DME, for further processing into environmentaUy-friendly ,
high-cetane diesel additives, which are liquids at standard

temperature and pressure. Economic, process, andmarket analyses wfll provide guidance as to which of these scenarios should be emphasized

The third and fourth campaignswfll address higher alcohols ormixed ether production.

Air Products has already demonstrated the unique ability ofDME to act as a chemical building-block to higher molecular-weight oxygenated

hydrocarbons. Air Products has also successfully developed and demonstrated a one-step process for synthesizing dimethyl ether (DME) from

coal-derived synthesis gas. In this process, the reactions are carried out in a three-phase system wfth toe catalyst suspended in an inert Uquid

medium. The Uquid absorbs the heat that is released as the chemical reactions occur, aUowing 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.

Project Cost $35.7milhon FY95-FY97

LIQUID PHASE METHANOL PROCESS DEMONSTRATION - Air Products and Chemicals, Inc., Eastman Chemical Company, and U.S.

DepartmentofEnergy (C-335)

Air Products and Chemicals, Inc. and Eastman Chemical Co. plan to demonstrate the production ofUquid phase methanol (LPMEOH) under a

US. Department ofEnergy Clean Coal Technology (DOE/CCT)Round 3 award The DOE/CCT program is expected to continue until April

2001.

The Uquid phasemethanol synthesis process ismore efficient than the conventional gas phase process and is better suited for processing the gases

produced bymodem 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 the 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 iftoe gasifier alone had 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

Company's coal gasification facility inKingsport, Tennessee. The Eastman Chemical she offers the advantage ofthe use ofexisting coal gasifiers

whh littlemodification. The unit wfll produce at least 260 tons ofmethanol per day at tbe Kingsport location.

Detailed design oftbe Kingston plant was completed in 1995; construction is scheduled for completion in January 1997. Operations began in

April 1997 and achieved the initial performance targets ofproducing 80,000 gallons per day, confirming the 25:1 scale-up ofthe Uquid phase

reactors. The demonstration facility has been operated at a 90+ percent on stream factor since the initial startup. The methanol product has met

aU purity specifications.

ProjectCost $213.7milhon; $92million provided byU.S. Department ofEnergy

LUNANAMMONIA-FROM-COAL PROJECT - ChinaNational Technical Import Corporation, Tengxian Cfty, Shandong Province, (C-360)

The ChinaNational Technical ImportCorporation awarded a contract to Bechtel for consulting services on a commercial coal gasification project

in the People's RepubUc ofChina Bechtel provided assistance in process 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 facilfty wfth the more

efficientTexaco coal slurry gasification process.

In 1996 annual production reached 180,000 tons ofammonia and 280,000 tons of urea and 13,000 tons of potassium carbonate; in 1997 the

annual production reached 216,000 tons ofammonia and 336,000 tons ofurea In 1998. using bituminous coal as feedstock, themonthly output

ofammoniawas 13.000 tons, requiring about 1.4 tons ofcoal for each
?" ofammonia and ureamonthly outputwas 27.000 tons.

Due to the shortage offertilizer in China, it is planned to expand the annual production of
ammonia to 300,000 tons and urea to 500,000 tons by

the end ofthis century. ANational Coal SlurryGasificationEngineering andResearchKey
Centerwas approved to be established there.
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MILD GASIFICATION PROCESS DEMONSTRATION UNIT - Coal Technology Corporation and Unfted States Department ofEnergy (DOE)

(C-370)

Since the mid-1980s, Coal Technology Corporation (CTC), formerly UCC Research Corporation, has been investigating the pyrolysis of coal

under sponsorship ofDOE's Morgantown Energy Technology Center. This work inftiaUywas the development ofa batch process demonstration

unit having a coal feed capacity of 120 pounds per batch. The process produced coal Uquids to be used formotor fuels and char to be potentially
used for blast furnace coke and offgas.

In January 1988, DOE and CTC cost shared a $3,300,000 three-year program to develop a process demonstration unft for the pyrolysis of 1,000

pounds/hour ofcoal by a continuous process. This work involved a literature search to seek the best possible process; and then after smaU scale

work, a proprietaryprocess was designed and constructed The unft began operating in February 1991. Test runs have beenmadewfth a variety
ofcaking bituminous coals and nomajor differences in cokemakingwere observed

m the CTC mild gasification process, coal is heated from ambient temperature to around 400F in tbe 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 the reactor are recovered and

separated in scrubber/condensers into noncondensibles gases and Uquids.

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 Uquids for further refining into transportation fuels, char for ferro-aUoy production, and formed coke for

foundry and blast furnace application in the steel industry. The CTC/CLC process wfll continuously produce blast furnace quality coke within a

completely enclosed system. The coal liquids wfll 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 into CTCs proprietarymild gasification retort reactors operating at about 1,000F to extract the Uquids from
the coal and produce a devolatized char. The hot char is fed directly into ahot briquette system alongwfth additional coking coal to form

"green"

briquettes. The green briquetteswfll directly feed into a coking process for final calcining at 2,1007 to produce blast furnace and fou^

coke. The smaU amount of uncondensed gases wfll be recirculated back through the system to provide a balanced heat source for the mild

gasification retorts and the coking process.

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 for licensing and building commercial coke

plants using tbe CTC/CLC process. The first commercial plant is permitted to process 60,000 tons ofcoal per year.

MONGOLIAN ENERGY CENTER - 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

12 miltion tons ofbituminous coal by 1995. The capital costs account for 10 billion yuan.

The Ih Je League (Prefecture) authorities havemade a comprehensive developmentplan including a 1. 1 biUion yuan complex which wfll use coal

to produce chemical fertilizers. A Japanese companyhas completed a feasibility report

In 1997 the Inner MongoUan plant was put into operationwfth an annual production of300,000 tons ofammonia and 520,000 tons ofurea

In 1998 the plant produced 13.000 tons ofammonia and 42.000 tons ofurea on amonthly basis.

The region, the southwestern part of Inner 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 in the next century.

NEDOLBITUMINOUS COALLIQUEFACTION PROCESS - New EnergyDevelopmentOrganization (NEDO) (C-410)

Basic research on coal Uquefactionwas started in Japanwhen the Sunshine projectwas inaugurated in 1974, just after the first oil crisis in 1973.

NEDO assumed the responsibility for development and commercialization of coal Uquefaction and gasification technology. NEDO maintains a

continuing high level ofinvestment for coal Uquefaction R&D, involving two large pilot plants. The construction ofa 50 tons per day brown coal
liquefaction plant was completed in December 1986 inAustralia
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The pilot plant in Australia was operated in the project entitled "Victoria Brown Coal Liquefaction
Project"

The properties ofbrown coal and

bftuminous 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-bhuminous and low rank bituminous coals. NEDO had been operating three process development units

(PDUs) utilizing three different concepts for bituminous coal Uquefaction: solvent extraction, direct Uquefaction, and solvolysis Uquefaction.

These three processes have been integrated into a single new process, the so-called NEDOL Process, and NEDO has constructed a 150 tons per

day pilot plant in Japan. The pilot plant located atKashima, in Ibaraki Prefecture, was to start operating in December 1996.

In the pilot plant bftuminous coal isUquefied in tbe presence ofultrafine natural pyrite. The heavy fraction (-538 degrees C) from the vacuum

towerwfll be hydrogenated at about 350 degrees C and 100-150 atm in the presence ofcatalysts to produce a hydrogen donor solvent for recycle.

Consequently, themajor products are Ught ofl. Residue-containing ash is separated by vacuum distiUation.

TheNEDO pilot plant began regular runs inMarch 1997 and stopped operation in October 1998. Tanftoharum coal and Adaro coal produced in

Indonesia and Dceiima coal in Kvusha. Japan, were used Liquefied oil was obtained at yields of 58 weight percent (dafbasis') wfth 34 weight

percent ofC^-220C and 24 weight percent ofheavier fraction, under mild reaction conditions C462C. 190 kg/cm*, and 3 percent Uquefaction

catalyst'). The pilotplantwas successfully operated wfth the longest running time of 1.920 hours.

ProjectCost 70 billion yen, not including the supporting research

PINON PINE IGCC POWERPLANT - Sierra Pacific Power Company,M.W. KeUogg Company (C-458)

Sierra Pacific Power Company is constructing a 100 MW integrated gasification combined cycle plant at fts Tracy Powerplant she, east ofReno,

Nevada The plantwfll incorporate an air-blownKRW fluidized bed gasifier producing a low-BTU gas for the combined cycle powerplant

Dried and crushed coal is introduced into a pressurized air-blown, fluidized-bed gasifier through a lockhopper system. The bed is fluidized by the

injection 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 asweU 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 cycloneswhich return most ofthe entrained particulatematter to the gasifier. The gas,

which leaves the gasifier at about 1.800F. is cooled to 1,050F before entering the hot gas cleanup system During cleanup, virtually all ofthe

remaining particulates are removed by ceramic candle filters, and final traces ofsulfur are removed in a transport reactor which circulates sorbent

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 wfll be

designed to run onWestern subbituminous coal fromUtah; operation wfth higher sulfur and lower rank coals also is being considered

TheUS. Department ofEnergy (DOE) has agreed to fund approximately $1 68million ofthe project cost The project is funded by DOE through

the Clean Coal Technology (CCT) Program, Round 4. Sierra Pacific Power wfll fund the remaining 50 percent The CCT Program is scheduled

to be completed in 2000.

FosterWheeler USA 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 processwas initiated in 1992. Completion is estimated for 1996-1997. The Public Service Commission ofNevada approved the

project onOctober 25, 1993. A final EISwas preparedbyDOE and a favorable Record ofDecisionwas issued inNovember 1994. Construction

began in February 1995. Commissioning activities began in June 1996, producing power to the grid in August and operations wfll
commence

using syngas in 1999.

ProjectCost $375miltion for four year operating demonstration project (construction,
operations and process improvements)

POLK POWER STATION IGCC PLANT - TampaElectric Company,U.S. DepartmentofEnergy (C-460)

Tampa Electric Company's (TEC) new PoDc Power Station Unft #1 wfll be the first unit at a new she and wfll use Integrated Gasification

Combined Cycle (IGCC) Technology. The project is partiaUy funded by the U.S. Department ofEnergy (DOE) under Round m of hs Clean

Coal Technology (CCT) Program. In addition to the TEC and DOE, TECO Power Services (TPS), a subsidiary a TECO Energy, Inc., and an

affiliate ofTEC, is also participating in the project TPS is responsible for the overaU project management for the DOE portion ofmis IGCC

project TheCCT project is scheduled to be completed in 2001.

Part ofthe Cooperative Agreement forthis project is the four-year demonstration
phase. During the first two years, ft is planned that four different

types ofcoalwfll be tested in the operating IGCC powerplant The results ofthese tests wfll compare this units effidency, ooerabflfty, and costs,

and report on each ofthese test coals specified against the design basis coal
These results should identify operating parameters and costs which
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can be used by utilities in the future as they make their selection on methods for meeting both their generation needs and environmental

regulations.

The Polk Power Station IGCC project started commercial operations in September 1996. The syngas is burned in a GE 7F combustion turbine-

based power block producing 250 MW (net). A 100-hour test run in October 1996 achieved design values using the cold gas clean-up mode.

Work is continuing on check-out ofthe hot gas systems. In addition, part ofthis DOE CCT project wfll be to test and demonstrate a new hot gas

clean-up (HGCU) technology. The Texaco Gasification Process has been selected for integrationwfth a combined cycle power block.

ProjectCost $303miltion

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 engineering has been completed for a 1,200 ton per daymodule.

hi 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
partner having access to the data gained up to that date. KruppUhde'swork has led to the PRENFLO process.

KruppUhde has decided to continue development wfth a test facing of48 tons per day coal throughput at an operatmg pressure of30 bar. The

plant was located at Fuerstenbausen, West Germany. In over 10,000 hours of test operation 12 different fuels wfth ash contents of up to

40 percent were successfuUy used AU fuels used are converted to more than 98 percent and in the case of fly ash recycled to more than

99 percent

ProjectCost Not disclosed

PUERTOLLANO IGCC DEMONSTRATION PLANT - ELCOGAS, S.A (C-476)

Under the corporation ELCOGAS, S.A, the Spanish utility company ENDESA togetherwfth EDF/France, JJBERDROLA/Spain, Hidroelectrica

del Cantabrico/Spain, SEvTLLANA/Spain, EDP/PortugaL ENEL/Itaby andNational Power/England are involved in the PuertoUano Project The

project also has the European Economic Commission support, under the Thermie Program.

The project has a capacity of300 MWe (net). The PRENFLO gasification technology ofKruppUhde has been chosen for the gasifier.

The plant configuration is single-train throughout Using oxygen and steam, about 100 tons of coal per hour wfll be gasified The required

oxygen, approximately 90 tons per hour, wfll be produced in a single-train air separation unft. The resulting coal gas wfll 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 other European countries wfll also be tested over the 3-year demonstration period

j

SOx Emission values of10 mg/m3n andNOx values of60mg/m n are expected in the exhaust gas (based on 15 volume percent oxygen).

Tbe combined cycle power plant at PuertoUanowas switched into the grid in the firsthalfof 1996, fueled inftiaUywfth natural gas. Conversion to
coal gas wfll take place in 1998.

Project Cost ECU600miltion

QINGDAO GASIFICATION PLANT - Qingdao, People's RepubUc ofChina (C-478)

China is building a coal gasification plant in the northern cfty ofQingdao in Shandong province. The plant which wfll produce 1 miltion Nm3 per

day ofgas, involves two coke-making batteries, a coal preparation plant a thermal power station and 14 gas generators. The plantwfll provide a

district heating network for the 6.7million person cfty, eliminating hundreds ofcoal-fired boilers and stoves.

The gasification project is part of a $210million environmental cleanup program in Qingdao. The Asian Development Bank is financing
$103 million ofthe total cost wfth China providing the balance. The plant is now under construction; operations were scheduled to begin in

1997.
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QINGHUANGDAO GASIFICATION PLANT - Qinghuangdao Chy, Hebei Province, China (C-479)

The plant imported 3 two-stage coal gasifiers, eachwfth a diameter of3.6meters, from the French LGI Co. and put them into operation in 1992.

Totally, 200 tons ofDatong coal are used and 230,000
Nm*

ofgas are produced daily. The two-stage gasifier consists ofthe upper stage as the

pyrolysis zone, the lower stage as thewater gas generation zone. The heating value ofgas produced is about 3,000 Kcal perNm3.

Oinghuandao Cftywfll use a speriallv designed low-BTU gas heating apparatus for domestic heatinguse.

Capital Cost 200 miltion Chinese yuan

RHEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinbraun AG, Krupp Uhde GmbH, Lurgi GmbH, German Federal

Ministry for Research & Technology (C-480)

Rheinbraun andUhde have been cooperating since 1975 on development ofthe High-TemperatureWinkler fluidized bed gasification process. In

1990 Lurgi joined the commercialization effort

Based on operational experience wfth various coal gasification processes, especiaUy wfth ambient pressure Winkler gasifiers, Rheinische

Braunkohlenwerke AG (Rheinbraun) in the 1960s dedded 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 "mstftut fur
Eisenhuttenkunde"

ofAachen Technical University in an ambient pressure process development

unft (PDU) ofabout 50 kilograms per hour coal throughput

Based on the results ofpre-testswfth this PDU a pilotplant operating at pressure of10 barwas built in July 1978 at theWachtberg plant she near

Cologne. FoUowing an expansion in 1980/1981, feed rate was doubled to 13 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 thermodynamicaUy calculated value. At feed rates of about 1,800 kilograms per hour coal, the synthesis gas output ofmore

than 7,700 standard cubic meters per hour per square meter ofgasifier area was more than threefold the values ofatmospheric Winkler gasifiers.

The pilot plantwas shut down inmid-1985.

After gasification tests wfth Finnish peat in the HTW pilot plant in the spring of 1984 the KemiraOy Company ofFinland dedded to convert an

existing ammonia production plant at Oulu from heavy ofl to peat gasification according to the HTW process. The plantwas designed to gasify

approximately 650 tons per day ofpeat at 10 bar and process ftto 280 tons per day ofammonia This plant started up in 1988.

Rheinbraun constructed a 30 ton perhour demonstration plant for the production of300miltion cubic meters of syngas per year. AU engineering

for gasifier and gas after-treatment includingwater scrubber, shift conversion, gas clean up and sulfur recovery was performed by Uhde; Linde

AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the sfte of Rheinbraun's VUle/Berrenrath briquetting plant is

pipelined toDEA-UnionKraftstoffformethanol production. From startup in January 1986 until October 1997 about 1.54million tons ofdried

brown coalwere processed in about 66,000 hours ofoperation. During this time, about 2.07 billion cubic meters ofsynthesis gas were produced

Since 1995 the HTW demonstration plant has been used continuously for feedstock recycling ofwaste products. The demonstration plant

received permission to co-gasify up to 5 tons per hourwaste plastics and 3 tons per hour ofdried sludge or loaded coke in addition to the nominal

feedstock.

A new pilot plant caUed pressurized HTW gasification plant for pressures up to 25 bar and throughputs up to 6.5 tons per hour was erected on

the she ofthe former pilot plant ofhydrogasification and started up inNovember 1989. From mid-November 1989 to early July 1990, the plant

was operated at pressures between 10 and 25 bar, using oxygen as the gasifying agent Significant features 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 all 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 50MWth specific fuel gas flow per square

meter air blown and 79 percent cold-gas effidency and 105 MWth specific fuel gas flow per square meter oxygen blown.

From February to September 1992 tests wfth a German hard coal and wfth PittsburghNo. 8 coal were successfuUy performed in the pressurized

HTW gasificationplant using oxygen and air as gasification agents as weU. Within 543 hours ofoperation 728 tons ofhard coal were processed

The pressurizedHTW gasification plant was 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 of
Ugnfte. Since this generating capacitywfll have to be renewed after toe turn

ofthe century, ft is intended to develop the IGCC technology so as to have a process available for the new powerplants. Based on the results of

these tests and on the operating experience gained wfth the HTW pressurized plant a demonstration plant for integrated HTW gasification
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combined cycle (HTW-IGCC) power generation is planned wfth a capacity of300 MW ofelectric power. The gas wfll be produced in one air-

blown gasifier. SeeKOBRAHTW-IGCC Project (C-294).

Project Cost Not disclosed

ROSEBUD SYNCOALUPGRADINGPROCESS - Rosebud SynCoal Partnership (RSCP) (C-485)

The Advanced Coal Conversion Process fACCP1) being demonstrated in Colstrip. Montana, consists ofthermal processing coupled wfth physical

cleaning to upgrade high-moisture, low-rank coals, producing a fuel wfth improved heating value, ash slapping potential, and low sulfur content

Typical western coals may contain moisture as much as 25 to 35 percent of their weight The high moisture and mineral content ofthe coals

reduces their heatingvalue to 5,500 to 9,000 BTU per pound The process upgrades toe coals, reducing theirmoisture content to approximately

1 percent and producing SynCoal heating values 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 03 percent

The process and product patented at SvnCoal has been developed bv the Rosebud SvnCoal Partnership (RSCP) as part ofRound 1 ofthe United

States Department of Energy's (DOE) Clean Coal Technology Program The DOE funded 41 percent of the $105 million project The

remainder ofthe funding was supplied bv the Partnership. Western SvnCoal Company (WSO. a subsidiary ofMontana Power Company's

Energy SupplyDivision, is themanaging general partner.

The cooperative agreementwfth the DOE for theACCP demonstration facilitywas signed in September 1990wfth an original 66-month duration.

The Project has been extended twice, with a current project completion date ofDecember 1998. RSCP has proposed a restructuring ofthe

cooperative agreementwhich, iffinalized would significantly expand the project scopewhile resulting in a no-cost time extension into 2002.

The ACCP fadlitv 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 unit-train loadout facility. The production unit having a capacity of 1.000 tons per dav

ofupgraded coal is one-tenth the size ofa commercial facility and benefits from the existingmine and community infrastructure.

Through September 1998. over 1.9 million tons of raw coal have been processed and nearly 1.3 million tons ofSvnCoal have been produced

Nearly all ofthe SvnCoal products have been shipped to customers. The plant has consistently operated at over 100 percent offts design capacity

and at fts target 75 percent availability.

RSCP continues to supply different products to a range ofcustomers. SvnCoal is being delivered to a cement company, several lime companies

and to a bentonite producer. The cement and lime industries have found that SvnCoal improves both capacity and product quality in their direct-

fired kiln applications. The steady flame produced bv SvnCoal appears to allow tighter process control and improved process optimization. The

bentonite producer has been using SvnCoal as an additive in greensand molding product for use in the foundry industry. SvnCoal is a very

consistent product in the bentonite industry, allowing greensand binder customers to reduce the quantity of additive used and improving the

quality ofmetal castings produced

RSCP is in the construction phase of installing a pneumatic injection system to deliver SvnCoal in Colstrip Unit No. 2 on a steady basis. The

SvnCoalwould be delivered at a rate ofup to 60 tons per hour directly to three ofthe unit's pulverizers (20 toh each). The ultimate benefits to the

Unft 2 wfll be increased net generation, improved heat rate and reduced slagging. Benefits to RSCP will be to continue operation ofthe ACCP

facilfty. to support the testingofdirect fuel comparison, and to provide a baseline evaluation ofSvnCoal as a supplemental fuel.

SASOL - Sasol Limited (C-490)

Sasol is renownedworld-wide formajor innovations in designing and commercializing proprietary technologies for the production ofhigh-quality
synthetic fuels such as petrol, diesel, kerosene, gas and furnace oils from coal. Besides the range ofUquid fuels, Sasol produces more than 120

chemical products for the local and internationalmarkets. The company currently supplies 41 percent ofSouth Africa's liquid fuel requirements.

The unique Sasol process was based origjnaUy on a combination ofthe German fixed-bed and the American fluid-bed Fischer-Tropsch processes.

After extensive research on the oU-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 Sasolburg in the northern Free State was started in 1951. By 1955 this operation was

marketing petrol as weU as hs first range of chemicals. 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

tbe plastics industrywas added to the product portfolio.

A Second Synfuels plant Sasol Two, tenfold the size ofSasol One, was constructed in Mpumalanga in northeastern Transvaal between 1976 and

1980. The construction ofSasol Three, almost an exact replica ofSasol Two, commenced adjacent to the Sasol Two plant in 1979. By the time
the third plant was fuUy operational in 1982, Sasol had invested R5.800 milhon in the two Secunda plants. Today these two plants have an

estimated replacement value ofR49.082miltion and are jointly known as Sasol Synthetic Fuels (Pty) Ltd
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In 1993 amajor revamp ofthe Operations Division ofSasol Chemical Industries Ltd (formerly Sasol One) resulted in toe discontinuation ofthe

synfuels production facilities in favor ofthe more lucrative production of higher-value chemicals, including ammonia, cresylic add and other

phenols as weU as spedaftywaxes.

Sasol has developed several innovative technologies and process refinements over the past three decades. Themost significant ofthese is toe Sasol

Advanced Synthol (SAS) process and the unique three-step Sasol Sluny Phase Distfllate (SSPD) process. In June 1995 the first commercial SAS

reactorwas operated The 16 existing Synthol circulating fluidized bed (CFB) reactors are being replaced wfth a series of seven new-generation

SAS reactors at an estimated cost ofR1,010 million. The first oftoe seven new reactors is scheduled to be commissioned in September 1998 and

the last one in February 1999.

hi 1997 Sasol announced several agreementswfth companies worldwide to utilize the Sasol SAS and SSPD processes. These include:

Agreementswfth Statoil ofNorway inApril 1997 to convert natural gas to synthetic crude ofl and liquid fuels

A Memorandum of Agreement in July 1997 wfth the Qatar General Petroleum Corporation and Phillips Petroleum Company to

construct a gas-to-liquids plant at Ras Laffan in Qatar, which wfll convert gas into about 20,000 barrels per day ,
to be operational by

2002

Joint ventures wfthDHBHoldings ofMinnesota andMerichem Company

Capital expenditure for toe construction ofa plant in Secunda to extract high-quality octene-1 forDow Chemical Company

Complementing toe downstream thrust into higher-value chemicals, is the entry into the upstream drive ofoffshore ofl and gas exploration under

the auspices of Sasol Petroleum International Ltd (SPI). The company focuses on selected high-potential areas on the African continent and

invests in partnerships wfth experienced oil and gas companies. A further strategic focus is the exploitation of synergy between SPI's activities

and the application ofSasol's gas conversion technology by Sasol Synfuels International. In tine wfth this is the exploration for, acquisition and

ultimatelybringing into production ofgas reserves in SouthernAfrica

SCHWARZE PUMPE GASIFICATIONOFWASTES - Sekundairohstoff-Verwertungszeiitrum (SVZ), Germany (C-495)

SVZ is constructing 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 intomethanoL Other products from the gasification process are slag, process steam, heat

and electrical energy.

Eight to 14 tons per hour ofthe coal/waste mixture wfll be converted into syngas using a fixed-bed gasifier battery consisting of seven counter-

current shaft reactors operating at 25 bar and 800 to 1300C in the presence ofoxygen and hydrogen.

Operation tests indicatemat toe 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 ceramics 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. Production wfll be increased incrementallywfth additional SVZ plants expected to be constructed by tbe end of

1996. By 1998 tbe throughput is expected to reach 220,000 tons peryear ofsolid waste and 50,000 tons per year ofliquidwaste feedstock.

Project Cost NotDisclosed

SCOTIACOAL SYNFUELS PROJECT - Scotia Resources Limited (C-500)

The original consortium conducted a feasibility study of a coal Uquefaction 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 2.5 million tonnes ofcoal per year. A contractwas completed wfth Chevron Research Inc. to

test toe coals in their two-stage direct liquefaction process (CCLP). A feasibility report was completed and financeabitity options discussed wfth

governments concerned and other parties.

In 1993, Scotia Synfuels I *fted formed a partnership wfth CORPOVEN, S.A. to evaluate coprocessing ofBoscan residuum (wfth high sulfur

and highmetals content) and Nova Scotia coal. This program was supported by ttte 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 tbe 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 ofl prices of about

$US18 per barrel.
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COMMERCIALAND R&D PROJECTS (Continued)

In the recent program two plant cases of 14,000 barrels/day and 19,000 barrels per day of petroleum 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 currently rescoping the synthetic fuels project to improve economics ofthe synthetic fuels plant by 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

investigation ofseveral new sftes.

ProjectCost Approximately $2.5 miltion for the feasibility study
ApproximatelyC$500 million for the plant

SHOUGANG COAL GASIFICATION PROJECT - Shoudou Iron and SteelWorks, Bdjing, People's RepubUc ofChina (C-527)

The Shougang plant in Bdjing gasifies 1,170 tons per day ofChinese anthracite using the Texaco coal gasification process. The gasification

plantwfll produce fuel gas for Shoudou Iron and Steel Works and town gas forBdjingChy. The plant is expected to be put into operation in late

1999.

The gasification equipment has been imported but as of 1998 the plant has not been put into operation.

SOUTH KOREA 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, toe use of imported coal is expected to increase dramatically. ESRC was selected to evaluate IGCC as ameans ofproviding

Korea's increased power needs. In 1993, ESRC selected IGT to design a 3 tons per day Bench-Scale Unft (BSU) leading to the future design and

installation ofa 10MW Process DevelopmentUnit (PDU).

In 1994 the Institute for Advanced Engineering (IAE), a R&D cooperative ofthe Daewoo Business group, joined as co-funders ofthe project

Shakedown tests ofthe BSU facility were completed in 1995 using Alaskan UsibeUi subbituminous coal as the feedstock. IAE continued to

conduct gasification tests at the BSU facility and plans to continue testing coals fromAlaska, China and Indonesia through 1998.

Project Cost n/a

SYNTHESEGASANLAGE RUHR (SAR) - Ruhrkohle Oel andGas GmbH andHoechstAG (C-560)

Based on the results ofthe pressurized coal-dust gasification pilotplant using the Texaco process,whichhas been in operation from 1978 to 1985,

the industrial gasification plant Synthesegasanlage Ruhr has been completed onRuhrchemie's she atOberhausen-Hotten.

The 800 tons per day coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the

Ruhrchemie's oxosynthesis plants. The gasification plant has beenmodified to aUow for inputofeitherhard coal or heavy ofl residues. The initial

investment was subsidized by the Federal Minister of Economics of the Federal Republic of Germany. The Minister of Economics, SmaU

Business andTechnology oftoe State ofNorth-RhineWestphalia participates in the coal costs.

Project Costs: DM220 miltion (Investment)

TAIYUAN COKINGAND CHEMICAL PLANT - Taiyuan Chy, Shanxi Province, China (C-562)

One set ofcoke ovens was built in 1975 at the Taiyuan Coking and Chemical Plant also called Shanxi Coking and Chemical 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 daily, wfth coal tar, benzene, naphthalene, pitch and fuel oil as by-products. In 1994 the plantwas expanded to produce 600,000 tons ofcoke,
26,000 tons ofcoal tar, 8,000 tons oferode benzene and 200 million

Nm3
ofcoke oven gas. Halfofthe gas was used to produce 83,000 tons of

urea; halfwas sold as town gas. The plant created about 400 miltion Chinese yuan total product income and showed a profit of 10 milhon

Chinese yuan. In 1996 the company delivered 300 million
Nm3

oftown gas, the total product income accounted for about 500 mjUjon yjgS

It is planned by the end of this century, that 2 more sets of coke ovens wfll be constructed and the producing capacity wfll expand to

1300,000 tons ofcoke annuaUy and 335,000
Nm3 town gas daily.
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COMMERCIALAND R&D PROJECTS (Continued)

TAMBANG BATUBARA PROCESS DERIVED FUEL (PDF) PROJECT - TEK-KOL Partnership (a partnership ofSGI International and SMC

Mining Co.) and P.T. TambangBatubara (PTBA) (C-563)

An economic feasibility study was completed in November 1996 on coal from the South Araham Mine in PTBA's Bukit Asam mining area in
South Sumatra, Indonesia This studywasmade wfth the assistance ofa $200,000 grant from the U.S. Trade and Development Agency (TDA).
A Stage 2 grant from TDA to carry the project to financing and permitting stages has completed due diligence. Award is expected in 1998.

Additionalwork required for project economics wfll be completed wfth a detailedmine study.

The study evaluated a 5,000 torme-per-day Liquids from Coal (LFC) Plant This plantwould utilize the LFC technology being demonstrated at
the ENCOAL Plant (see C-221). The solid Process Derived Fuel (PDF) would be blended wfth coals from the Bukit Asam region as fuel for

power plants as weU as export to the Pacific Rimmarket The CoalDerived Liquid (CDL)would be upgraded into other value-added products.

ProjectCost Not available

UBE AMMONIA-FROM-COALPLANT - Ube Industries, Ltd (C-590)

Ube Industries, Ltd, ofTokyo completed toe world's first large scale ammonia plant located in Ube City, Japan, based on the Texaco coal

gasification process (TCGP) in 1984. There are four complete trains ofquench mode gasifiers in the plant In normal operation three trains are

used wfth one for stand-by. Ube began wfth a comparative study ofavailable coal gasification processes in 1980. In October of that year, the

Texaco process was selected 1981 saw pilot tests run at Texaco's MontebeUo Research Laboratory, and a process design packagewas prepared

in 1982. Detailed design started in early 1983, and she preparation in the middle ofthat year. Constructionwas completed in just over one year.

The plant was commissioned in July 1984, and the first drop of Uquid ammonia from coal was obtained in early August 1984. Those

engineering and construction works and commissioningwere executed by Ube's Plant Engineering Division. Ube instaUed the new coal gasifi

cation process as an alternative "front
end"

ofthe existing steam reforming process, retaining the original synthesis gas compression and ammonia

synthesis facility. The plant thus has a wide range of flexibility in selection of raw material depending on any future energy shift It can now

produce ammonia from coals 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

by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, tbe coal gasification plant is expected to be even more
advantageous ifthe price difference between crude oil and coal increases.

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 and municipal wastes from the demonstration plant are mixed wfth the petroleum coke slurry

and gasified in the commercial plant

ProjectCost 25 biUionYen forUbe plant

WABASHRIVERCOALGASIFICATION REPOWERING PROJECT - Dvnegy. Inc. 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 wfll use a single train, oxygen-blownDestec gasification plant a new GE 7FA gas turbinewfthHRSG 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

basm bhuminous coal. Dvnegy and PSI have a 25 year contract The plantwfll be designed to substantially out-perform the standards established

in the Clean AirActAmendments for the year 2000. The DOE Clean Coal demonstration period for the projectwfll be 3 years after plant startup.

The IGCC systemwfll consist 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; all necessary coal handling

equipment and an existing plant steam turbine and associated equipment

The demonstration wfll result in a combined-cycle powerplant wfth low emissions and high net plant efficiency. The net plant heat rate for the

new, repowered unit is 8,910 BTU per kilowatt-hour HHV, representing a 20 percent improvement over the existing unft while cutting SO2 by
greater than 98 percent andNOx emissions by greater than 85 percent

The projectwas selected for funding under Round IV oftheU.S. Department ofEnergy's (DOE) Clean Coal Technology Program, and is slated to

operate commerciaUy foUowing the demonstration period DOE has agreed to provide funding of up to $230 million under the Cooperative

Agreement The projectwas originally developed bvDestec Energy Inc.. which was acquired bvDvnegy Inc. in 1997.
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COMMERCIALAND R&D PROJECTS (Continued)

Construction began in September 1993. Startup and testing were completed and commercial operation began November 1995. In the first two

years of commercial operation, the facilfty has met or surpassed targets for sulfur removal efficiency, syngas output and gas turbine and coal

conversion efficiency. InNovember 1998 a 30-day consecutive production record of 98 percent capacity was set For the 9months ending in

November 1998. the facility achieved a contract capacity ofover 79 percent

ProjectCost $412 million (includes powerplant andASU)

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 Coal Research Center inWilsonvflle, AL It is sized to feed 104 tons per day of Illinois

No. 6 bituminous coalwfth a PowderRiver subbituminous coal as an alternate coal.

The PSDF wfll consist of five modules for systems and component testing. These modules include an Advanced Pressurized Fluidized Bed

Combustion (APFBC)Module, andAdvance GasifierModule, 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 toe integration and control issues ofthese advanced power systems. The facilitywould provide a resource for

rigorous, long-term 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. Tbe advanced gasifiermodule involves M.W. KeUogg's transport

technology for pressurized combustion and gasification to provide either an oxidizing or reducing gas for parametric testing of hot particulate

control devices. The transport reactor is sized to process nominaUy 2 tons per hour ofcoal to deliver 1,000 ACFM ofparticulate laden gas to the

PCD inlet over the temperature range of1,000 to 1,800F at 300 psig

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 psia),medium temperature (1,60010 carbonizer to generate 1,500 ACFM of low-BTU fuel gas and a circulating

PFBC (operating at 150 psia, 1,600F) generating 7,500 ACFM combustion gas. The coal feed rate to carbonizerwfll 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 the CPFBC is filtered hot to remove particulates prior to the topping combustor.

AMufti-Annular Swirl Burner (MASB) is chosen to combust the gases from the carbonizer and increase the temperature ofthe CPFBC flue gases

to 2350F. The exit gases are, however, cooled to 1,970? in order to meet the temperature limitation on the gas turbine. The hot gas is

expanded through a gas turbine (Allison Model 501-KM), powering both toe electric generator and air compressor. The hot gases coming offthe

transport reactor, carbonizer and CPFBCwfll be cleaned by different pollution control devices (PCDs). PCDs from Combustion Power Company
andWestinghousewfll be tested at the PSDF. The list includes ceramic cross-flow, candle and tube filters and screenless granular bed filters.

The transport reactor systemwas first started up in August of 1996 and has been operated formore than 3.500 hours. The focus ofthe first year

ofoperationwas to determine the operating limits ofthe transport reactor operating as a combustor and to achieve stable operation ofthe reactor.

The focus during the second year ofoperation was to increase the reliability of the reactor feed pressurization and ash depressurization systems

and other subsystems, and to develop a reliable rugh-temrjcrature filtration system. The availability of the transport reactor has been greatly

increased over the course ofthe testing, and the availability of the transport reactor was 98 percent in a 1998 500-hour run. When adding

dolomite at a Ca/S molar ratio as low as 1.2. sulfur capture has been unexpectedly high such that the SO? analyzer did not have a detectable

reading. The low reactor temperature of 1.600F resulted in lowNOv emissions ofabout 0. 13 pounds per MMBTU. A high coal conversion of

99.9+%was realized even at this low temperature. Operation ofthe transport reactor in the combustionmode will continue through April 1999,

atwhich time itwfll be converted for gasification operation for the first time.

The PCD on the transport reactor system has operated at 1.400Twithout ash bridging between the ceramic filter elements and without bowing or

elongation ofthe filter elements. The collection efficiency ofthe filter system has been greater than 99.99% Filter elements from 3M. Blasch.

Coots. DuPont IF&P. McDermott Pall Schumacher and Specific Surface have been tested Clav bonded silicon carbide filter elements have

been tested formore than 3.000 hours.

Construction ofthe APFBC system was completed in 1998 and startup has begun. Startup oftheMASB and the CPFBC portions ofthis system

wfll continue in 1999.

ProjectCost $271 miltion including operation through 2001, 80% byU.S. Department ofEnergy

WISERDIRECTCOALLIQUEFACTION PROCESS - James W. Bunger andAssociates (JWBA) (C-618)

JWBAhas acquired rights to the patentedWiserDirect Coal Uquefaction Process developed at theUniversity ofUtah. In theWiser Process, coal

is pyrolyzed and quenched in the presence ofhydrogen. When coal is liquefied under short contact time (seconds rather than several minutes used

in more conventional direct liquefaction processes) high yields of Ught coal tiquids are produced Yields are high (70 percent) and hydrogen

consumption is low (3 percent).
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A feasibility study ofthe commercial potential ofthe Wiser Process has been completed Economic analyses show that the high yields, low

contact times and low hydrogen consumption lead to production costs as much as $10 per barrel less than the more traditional direct coal

Uquefaction approaches. Efforts are underway to develop the technology at the pilot plant scale.

WUJING TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant People's Republic ofChina (C-620)

Shanghai Coking and Chemical Plant (SCCP) has buflt a trigeneration project to produce coal-derived fuel gas, electricity, and steam. The

trigeneration plantwas constructed near the Shanghai Coking andChemical plant inWujing, a suburb south ofShanghai. SCCP contractedwith

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 the existing coke ovens in the

Shanghai Coking and Chemical Plant The facility produces 1.7million 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 of 99.85 percent purity

chemical grademethanol, 50,000 metric tons per year ofacetic anhydride, and 50,000 metric tons per year ofcellulose acetate. The project was

constructed in three phases. In Phase 1, toe production plan is further divided into 2 stages. In the first stage, 1.7million cubic meters per day of

town gas are produced The second stage produces 200,000 tons per year ofmethanol.

In November 1991, SCCP and Texaco Development Corporation signed an agreement for Texaco to provide gasification technology. In 1996

two Texaco coal slurry pressurized gasifiers andmethanol systemswere put into operation,wfth a daily production of 1,700,000
Nm3

oftown gas

and 600 tons ofmethanol. In 1997 three Texaco gasifierswere operated and one is on standby.

The IGT U-GAS process was 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 ofthe U-Gas facility, designated as Gas Plant No. 2 by SCCPG, was begun the FaU of 1994, wfth

Ughtoff of the first gasifier completed on December 16, 1994. Construction for Phase 1 of the overall Trigen Project was completed on

December 28, 1994, and gas productionwas initiated in early 1995.

SCCPCsGas PlantNo. 2 is the first commercial installation based on IGTs U-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 bituminous 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 parallel 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 production of3 millionNm3 per day oflow heatingvalue 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 ofmetallurgical coke and 0.5 million

Nm3
per day oftown gas. hi 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

the fuel gas produced from the U-GAS gasifiers to fire the coke ovens, the supply ofresidential town gas is approximately doubled satisfying tbe

residential heating and cooking needs ofan additional 600,000 families in Shanghai. In 1996 SCCP produced 870 million
Nm3

of town gas

about 50 percent ofthe total used in Shanghai.

Due to increased demand for electric power in the rapidly expandingWujing plant 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

forusewfthin theWujing plant

In 1998 toewastewater, exhaust gas andwaste sludge discharged from the Texaco gasifiers. U-Gas gasification andmethanol plants were treated

tomeet the environmental protection regulations.

SCCPwfll import other advanced technologies and create foreignjoint ventures at later stages for the production ofacetic anhydride, formic add

ceUulose acetate and combined cycle power generation.

ProjectCost 2 biUion yuan

XUZHOUAND TANG SAN COALUNDERGROUND GASIFICATION TEST - rh\n MiningUniversitv (C-6191

A new underground coal gasification process, developed by ChinaMining Universitv. was put into commercial test in 1995 at Xu Zhou Mining

Bureau and in 1996 at Tang San Mining Bureau. The coal gas obtained has a heating value of 3.800 kcal/m3. containing 10 to 20 percent

methane and 45 to 65 percent hydrogen.
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YILANDIRECTUQUEFACTION PROJECT - (C-621)

A feasibility study from 1997 to 2000 is being conducted in Chinawfth the cooperation ofJapanese institutions for building a large plant ofcoal

direct Uquefaction. The plant wfll be set up in Yuan coal district in Heilongjiang Province, wfth the capacity ofproducing 7 million barrels of

synfuels annually. Eighteen Japanese companies, including Japan Iron Works, wfll participate in this coverture wfth the Chinese government

institutions.

Capital Cost Estimated: $300 biUion Japanese yen

YIMACITY COALGASIFICATION PROJECT - Henan Provindal 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 theHenan Provincial Government and Central Government ofChina

It is planned to use low-grade coal forLurgi pressurized gasifiers tomake gas, foUowed by converting to syngas for Fischer-Tropsch Synthesis by
using US Lantac slurry bed technology wfth 2.5 Mpa, 260C and iron-based catalyst Annual production is planned to be: naphtha 9,000 tons,

Ught oil 3,000 tons, diesel ofl 11,000 tons, paraffmic wax 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 forZbengzhou, Laoyuang andYimaCfty.

The basic designwas approved in 1995, and detailed designworkwas scheduled to begin in 1996.

A town gas pipeline distribution system for Zbengzhou Chy wfth a daily supply capacity of about 450.000 NmVdav was begun in December

1997 andwfll be built bvOctober 1999. The capital cost forthis pipeline system is about 480million Chinese yuan.

YUNNAN KAI YUAN CHEMICAL FERTILIZERS PLANT - Kai YuanChy, 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

per ton 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 1 10,000 tons and ammonium nitrate

160,000 tons, wfth coal chemicals 8,000 tons, electricity 180million kWh, oxygen 47,000,000
Nm3

and cfty gas 6,000,000 Nm3. In 1997

monthly production ofammonia reached 13,000 tons. In 1998 it feU to 7.300 tons.

YUNNAN PROVINCE COALGASIFICATION PLANT - KunmingCfty, Yunnan Province, China (C-630)

China is enlarging a coal gasification plant inKunming, Yunnan Province, that wfll produce about 220,000 cubic meters ofcoalgas per day. Joe

NgEngineeringofOntario, Canadahas been contracted to design and equip toe plantwfth the help ofa $5 million loan from the Canadian Export

DevelopmentCorporation.

YUNNAN XIANFENG LIGNITE DIRECT LIQUEFACTION - Beijing Research Institute ofCoal Chemistry (BRICC) and Central Coal Mining
Research Institute (CCMRI) (C-640)

BRICC and CCMRI have conducted the Yunnan Xianfeng Ugnfte direct Uquefaction research in a 0.1 ton per day continuous lab-scale unit
Based on the laboratory results, a preliminary feasibility study has been published in 1996 to process 1.7million tons of low-costXianfeng lignite.
Initial rate ofreturn is expected to be 12.5 percent

Operating at 25 Mpa pressure and 440 to 500C, the direct liquefaction process is expected to produce oil yields at 57 to 60 percent and gas yields

at 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 torn; sulfur, 12,000 tons.

German Mining Research and Measuring Technology Company and German Luhr Company signed aw aflpement wfth CCMRI for a project

"Feasible Study on Commercial Plant for Xiangfeng Lignite Direct Liquefaction Using IGOR
Technology."

In 1998 BRICC sent a Xiangfeng

Ugnfte sample to Germany for a PDU test

Capital Cost 433 biUion Chinese yuan (estimated)
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COMPLETED AND SUSPENDED PROJECTS

Project

A-CVaUey Corporation Project

ACME Coal GasificationDesulfuring Process

Acurex-Aerotherm Low-BTUGasifier

for Commercial Use

ADL Extractive Coking Process

Development

Advanced Coal liquefaction Pilot Plant

atWilsonvflle

Advanced Flash Hydropyrolysis

AECI Ainmonia/MethanolOperations

Agglomerating Burner Project

Air Products SlaggingGasifier

Project

Alabama Synthetic Fuels Project

Amax/EERCMild Gasification

Demonstration

Amax Coal Gasification Plant

Appalachian Project

AquaBlackCoal-Water Fuel

Arkansas Lignite Conversion

Project

Australian SRC Project

Beach-Wibaux Project

Beacon Process

BeU HighMass Flux Gasifier

BelugaMethanol Project

Sponsors

A-C VaUey Corporation

ACME PowerCompany

Acurex-Aerotherm Corporation

Glen-Gery Corporation
United StatesDepartment ofEnergy

ArthurD. Little, Inc.

Foster-Wheeler

United States Department ofEnergy

Amoco, Inc.

Electric Power Research Institute

United States Department ofEnergy

RockweU International

U.S. Department ofEnergy

AECILtd

Battelle Memorial Institute

United States Department ofEnergy

Air Products and Chemicals, Inc.

AMTARInc.

Applied Energetics Inc.

Amax, Inc.

NorthDakotaEnergy& Environment Research Center

AMAX, Inc.

M.W. KeUoggCo.

United States Department ofEnergy

Gallagher AsphaltCompany
Standard Havens, Inc.

Dow Chemical Company,
Electee Inc.

Intemational Paper Company

CSRLtd

Mitsui Coal Development Pty, Ltd

See Tenneco SNG fromCoal

StandardOfl Company (Ohio)

TRW, Inc.

BeU Aerospace Textron

Gas Research Institute

United States DepartmentofEnergy

Cook Inlet Region, Inc.

PlacerU.S. Inc.

Last Appearance 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

September 1985; page 4-62

March 1985; page 4-62

December 1981; page 4-72

December 1983; page 4-77
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Project

BEWAGGCC Project

BGL SlaggingGasifier Project

BI-GAS Project

Bottrop Direct Coal Liquefaction
Pilot Plant Project

Breckinridge Project

BRICC Coal LiquefactionProgram

BEWAG AG

Energie-AnlagenBerlin GmbH

Lurgi GmbH

Ruhrkohle Oel undGas GmbH

BGPlc

United States Department ofEnergy

Ruhrkohle AG

Veba Oel AG

MinisterofEconomics, SmaU Business and Technology
ofthe State ofNorth-RhineWestphalia

FederalMinister ofResearch and Technology ofGermany

Bechtel Petroleum, Inc.

Bdjing Research Institute ofCoal Chemistry

LastAppearance in SFR

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

Broken HiU Project

BrookhavenMild Gasification ofCoal

BurnhamCoal Gasification

Project

Byrne CreekUnderground Coal

Gasification

CalderonEnergyGasification Project

Calderon Fixed-Bed Slagging Project

Camden Clean Energy Project

Carbon CountyUnderground Coal

Gasification (UCG) Project

Car-MoxLow-BTU Gasification

Project

Catalytic Coal Liquefaction

Caterpillar Low BTUGas From Coal

Celanese Coastal Bend Project

Celanese EastTexas Project

Central Arkansas Energy Project

Central Maine Power Company
Sears Island Project

Charfuel Project

ChemicallyActive Fluid Bed Project

Broken HiU ProprietaryCompanyLtd

BrookhavenNational Laboratory
United StatesDepartment ofEnergy

El Paso NaturalGas Company

Dravo Constructors

World Energy Inc.

CalderonEnergy Company
United States Department ofEnergy

Calderon Energy Company

Camden Clean Energy Partners Ltd Partnership

Carbon CountyUCG, Inc.

Fike Chemicals, Inc.

GulfResearch andDevelopment

Caterpillar TractorCompany

Celanese Corporation

Celanese Corporation

Arkansas Power& Light Company

CentralMaine PowerCompany
General Electric Company
Stone &Webster Engineering
Texaco Inc.

NewWorld Energy

Central & Southwest Corporation (four utility companies)

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

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
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

Chemicals fromCoal

Cherokee Clean Fuels Project

ChesapeakeCoal-Water Fuel

Project

China One Clean Coal Project

ChiriquiGrande Project

Chokecherry Project

CIGAS Gasification Process Project

CircleWest Project

CrVOGAS Atmospheric Gasification

Pilot Plant

Clark SynthesisGas Project

Clean Coke Project

Coalcon Project

Coalex Process Development

Coalplex Project

COGA-1 Coal-to-FertiUzer Project

COGAS Process Development

Colombia Coal Gasification Project

Colstrip Cogeneration Project

ColumbiaCoal Gasification

Project

Sponsors

Environmental ProtectionAgency (EPA)
FosterWheeler Energy Corporation
DowChemical USA

United States Department ofEnergy

Bechtel Corporation

Mono Power Company
Pacific Gas& Electric Company
RockyMountain Energy

ARC-COAL, Inc.

Bechtel Power Corporation

COMCO ofAmerica, Inc.

Dominion Resources, Inc.

SGI International

MitsubishiHeavy Industries (MHT)

Ebasco Services, Inc.

United States State Department (Trade &Development)

EnergyTransitionCorporation

Fundacao de Cienda e Tecnologja (CIENTEC)

MeridianMinerals Company

Fundacao de Ciencia e Tecnolgia (CIENTEC)

Clark Ofl andRefiningCorporation

United States Department ofEnergy
US. Steel

USS Engineers and Consultants, Inc.

UnionCarbide Corporation

Coalex Energy

AECI

COGA Industries, LLC

Unicorn Resources Inc.

Norsk Hydro as.

COGAS Development Company, ajoint venture of:

ConsoUdated Gas Supply Corporation

FMC Corporation

Panhandle Eastern Pipeline Company
Tennessee Gas Pipeline Company

Carbocol

BechtelDevelopmentCompany

Colstrip Energy Limited Partnership
PacificGas and Electric Company
RosebudEnergyCorporation

Columbia Gas System, Inc.

Last Appearance in SFR

March 1978; page B-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

December 1982; page 4-86

January 1995; page 4-53

December 1990; page 4-59

September 1982; page 4-72
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STATUS OF COAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors LastAppearance in SFR

Combined Cycle Coal Gasification

Energy Centers

Composite Gasifier Project

Conoco Pipeline Gas Demonstra

tion Plant Project

CoolWater Gasification Program

Cordero CoalUpgradingDemonstration

Project

Consumer Energy Corporation

BritishGas Corporation

British Department ofEnergy

Conoco CoalDevelopment Company
ConsoUdatedGas Supply Company
Electric Power Research Institute

GulfMineral Resources Company
NaturalGas Pipeline Co. ofAmerica

Panhandle Eastern Pipeline Company
Sun Gas Company
Tennessee Gas Pipeline Company
Texas Eastern Corporation

Transcontinental Gas Pipeline Corporation

Unfted StatesDepartment ofEnergy

Bechtel Power Corporation

Empire State ElectricEnergyResearchCorporation

Electric Power Research Institute

General Electric Company
JapanCool WaterProgram Partnership
Sohio Alternate Energy
Southern California Edison

CorderoMiningCompany

December 1982; page 4-86

September 1981; page 4-56

September 1981; page 4-57

September 1989; page 4-58

January 1995; page 4-53

Cordero Formcoke Plant

Corex IronMaking Process

Cresap Liquid Fuels Plant

Crow Indian Coal Gasification

Project

Crow Indian Coal-to-Gasoline

Project

CTC Continuous Mild Gasification Process

DanishGasification Combined

Cycle Project

DeSota County, Mississippi

Coal Project

Dow Coal Liquefaction Process

Development

DowGasification Process Development

EDS Process

Kennecott Energy
PURON

KorfEngineering

FluorEngineers and Constructors

United States Department ofEnergy

Crow Indian Tribe

United States Department ofEnergy

Crow Indian Tribe

TransWorld Resources

Coal Technology Corporation
United States Department ofEnergy

Elkraft

Mississippi Power and Light

Mississippi, State of

RalphM. Parsons Company

Dow Chemical Company

Dow Chemical Company

AnacondaMinerals Company
ENI

January 1996; page 4-45

March 1990; page 4-5 1

December 1979; page 4-67

December 1983; page 4-84

September 1984; page C-8

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
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STATUS OFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

EhnwoodCoal-Water-Fuel Project

Emery Coal Conversion Project

EnreconCoal Gasifier

EscrickCyclone Gasifier Test

ExxonCatalyticGasification

ProcessDevelopment

Fairmont Lamp Division Project

FastFluid Bed Gasification

Fiat/Ansaldo Project

Fife IGCC Power Station

Flash Pyrolysis Coal

Conversion

Flash Pyrolysis ofCoal

Florida PowerCombined Cycle

Project

Freetown IGCC Project

FrontierEnergyCoprocessingProject

FuelGas Demonstration Plant

Program

Fularji Low-BTUGasifier

Gas Turbine Systems Development

GEHot Gas Desulfurization

GFKDirect Liquefaction Project

Sponsors

Electric PowerResearch Institute

Exxon CompanyUSA

Japan Coal LiquefactionDevelopment Co.

Phillips Coal Company
Ruhrkohle A.G.

United States Department ofEnergy

FosterWheeler Tennessee

Emery Synfuels Associates:

Mountain Fuel SupplyCompany
Mono PowerCompany

Enrecon, Inc.

Oaklands Limited

Exxon CompanyUSA

Westinghouse Electric Corporation

Hydrocarbon Research, Inc.

United States Department ofEnergy

Ansaldo

FiatTTG

KRW Energy Systems, Inc.

Fife EnergyLtd

Occidental Research Corporation

United States Department ofEnergy

BrookhavenNational Laboratory

Florida Power Corporation

United States Department ofEnergy

Texaco Syngas Inc.

Commonwealth Energy
General Electric Co.

Canadian EnergyDevelopments

Kilbom International

Foster-Wheeler EnergyCorporation

United States DepartmentofEnergy

M.W. KeUoggCompany
People's RepubUc ofChina

Curtiss-WrightCorporation

United States DepartmentofEnergy
General ElectricCompany

GE Environmental Services Inc.

Morgantown EnergyTechnologyCenter

German FederalMinistry for Research& Technology

Saarbergwerke AG

GFK GeseUschaft furKohleverflussiqung

Last Appearance in SFR

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

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
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors LastAppearance in SFR

Grants Coal toMethanol Project

Greek Lignite Gasification Project

Grefco Low-BTU Project

Gresflc IGCC Plant

GSP Pilot Plant Project

GulfStates Utilities Project

Hampshire Gasoline Project

HanoverEnergyDosweU Project

H-Coal PilotPlant

Hillsborough BayCoal-Water

Fuel Project

Howmet Aluminum

H-R International Syngas Project

Huenxe CGT Coal Gasification Pilot Plant

HYCOLHydrogen from Coal PUot Plant

Hydrogen fromCoal

HYGAS Pilot Plant Project

ICGG PipelineGas Demonstra

tion PlantProject

IGTMildGasification Project

Integrated Two-Stage Liquefaction

Energy Transition Corporation

Nitrogenous Fertilizer Industry (AEVAL)

General Refractories Company
Unfted StatesDepartment ofEnergy

PerusahaanUmum ListrikNegara

GermanDemocratic RepubUc

KRW Energy Systems

GulfStates Utilities

Kaneb Services

Koppers Company
Metropolitan Life Insurance Company
NorthwesternMutual Life Insurance

DosweU Limited Partnership

Ashland Synthetic Fuels, Inc.

Conoco CoalDevelopment Company
Electric PowerResearch Institute

Hydrocarbon Research Inc.

Kentucky Energy Cabinet

Mobil Oil Corporation

RuhrkohleAG

Standard Oil Company (Indiana)
United StatesDepartment ofEnergy

ARC-Coallnc.

Bechtel Power Corporation

COMCO ofAmerica, Inc.

Howmet Aluminum Corporation

H-R International, Inc.

The SlaggingGasification Consortium

Carbon Gas Technology (CGT) GmbH

Research Association for Hydrogen from Coal

ProcessDevelopment

Air Products and Chemicals, Inc.

Unfted StatesDepartment ofEnergy

Gas Research Institute

Institute ofGas Technology
United States Department ofEnergy

Illinois Coal Gasification Group
United States Department ofEnergy

Illinois Coal DevelopmentBoard

Institute ofGas Technology
Kerr-McGee Coal Corporation

Cities Service/Lummus

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 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
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STATUS OFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors

ITT Coal to Gasoline Plant

Kaiparowfts Project

Kansk-AchinskBasin Coal Liquefaction

Pilot 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

Coal Gasification System for

Electric Power Generation

LakeDeSmet SNG from Coal

Project

LakesideRepoweringGasification Project

LaPorte Liquid Phase Methanol

LatrobeVaUey Coal Lique

faction Project

LC-Fming Processing ofSRC

UBIAZ Coal-To-Methanol Project

Liquefaction ofAlberta

Subbituminous Coals, Canada

International Telephone & Telegraph

J.W.Mfller

United StatesDepartment ofEnergy

Arizona Public Service

San Diego Gas and Electric

Southern California Edison

Union ofSoviet Socialist Republics

National Aeronautics & Space

Administration

Texas Gas Transmission Corporation

The Signal Companies

E. J. Hoffman

King-Wilkinson, Inc.

Allis-Chalmers

State ofIllinois

Unfted States Department ofEnergy
Central Illinois Light Company
Electric Power Research Institute

Illinois Power Company
Ohio Edison Company

KlocknerKohlegas

CRA (Australia)

Weirton Steel Corp
U.S. DepartmentofEnergy

M.W. KeUoggCompany
US. Department ofEnergy
Westinghouse Electric

Texaco Inc.

Transwestern Coal GasificationCompany

Combustion Engineering
United States Department ofEnergy

Air Products andChemicals Inc.

Chem Systems Inc.

Electric PowerResearch Institute

U.S. Department ofEnergy

Rheinische BraunkohlwerkeAG

Cities Service Company
United States Department ofEnergy

Krupp Koppers, KOPEX

Alberta/Canada Energy Resources

Research Fund

Alberta Research Council

Last Appearance in SFR

December 1981; page 4-93

March 1978; pageB-l8

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

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
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project

Low-BTUGasifiers for Com

mercialUse-Irvin Industries

Project

Low/Medium-BTUGas forMulti-

Company Steel Complex

Low-Rank Coal Liquefaction

Project

LuleaMolten Iron Gasification PUot Plant

Lummus Coal Liquefaction

Development

Mapco Coal-to-Methanol Project

Mazingarbe Coal Gasification Project

Medium-BTUGas Project

Medium-BTU Gasification Project

Memphis Industrial Fuel Gas

Project

Methanol from Coal

Methanol from Coal

Midrex Electrothermal Direct

Reduction Process

MildGasification ofWestern Coal

Millmerran Coal Liquefaction

Mining and Industrial Fuel Gas

Group Gasifier

Sponsors

Irvin IndustrialDevelopment Inc.

Kentucky, Commonwealth of

United States Department ofEnergy

Bethlehem Steel Company
United States Department ofEnergy
Inland Steel Company
Jones& Laughlin Steel Company
National Steel Company
Northern Indiana Public ServiceCompany
Union Carbide Corporation

United States Department ofEnergy

University ofNorth Dakota

KHDHumboftWedagAG

Sumitomo Metal Industries, Ltd

Lummus Company
United StatesDepartmentofEnergy

Mapco Synfuels

Cerchar (France)
European Economic Community
Gas Development Corporation

Institute ofGas Technology

Columbia Coal Gasification

HoustonNatural Gas Corporation

Texaco Inc.

CBI Industries Inc.

Cives Corporation

FosterWheeler Corporation

Great Lakes International

HoustonNatural Gas Corporation

IngersoU-RandCompany
Memphis Light Gas &WaterDivision

UGI Corporation

WentworthBrothers, Inc.

(19 utility and industrial sponsors)

GeorgetownTexas Steel Corporation

MidrexCorporation

Amax

Western Research Institute

Australian Coal Corporation

AmericanNatural Service Co

Amerigas

Bechtel

Black, SivaUs&Bryson

BurlingtonNorthern

Cleveland-Cliffs

DavyMcKee

Dravo

EPRI

LastAppearance in SFR

June 1979; page 4-89

December 1983; page 4-98

March 1984; page 4-49

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

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

4-78
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STATUS OFCOAL PROJECTS

COMPLETEDAND SUSPENDEDPROJECTS (Continued)

Project Sponsors

HannaMiningCo.

PeoplesNatural Gas

PickandsMather

ReserveMining

Riley Stoker

RockyMountainEnergy
Stone &Webster

U.S. Bureau ofMines

U.S. Department ofEnergy
US. Steel Corporation

Western Energy Co.

Weyerhaeuser

Minnegasco High-BTUGas

from Peat

Minnesota Gas Company
Unfted States DepartmentofEnergy

Last Appearance in SFR

March 1983; page 4-108

Minnegasco PeatBiogasification

Project

Minnegasco PeatGasification

Project

Minnesota Power ELFUEL Project

Mobil-M Project

Molten Salt Process Development

Monash Hydroliquefaction Project

Mountain Fuel Coal Gasification Process

MRS Coal Hydrogenator Process Project

MulberryCoal-Water Fuel Project

M.W. KeUoggUpgrading ofRefinery
Ofl and Petroleum Coke Project

NASALewis Research Center Coal-to-

Gas Polygeneration Power Plant

National Synfuels Project

NEDO IGCC Project

New England Energy Park

MinnesotaGas Company
NorthernNatural Gas Company
Unfted States DepartmentofEnergy

Gas Research Institute

Institute ofGas Technology
Minnesota Gas Company
NorthernNatural Gas Company
Unfted States Department ofEnergy

Minnesota Power& Light

BNICoal

Institute ofGas Technology
Electric PowerResearch Institute

Bechtel Corporation

Mobil Oil Company

Rockwell International

United States Department ofEnergy

Coal Corporation ofVictoria

MonashUniversity

Mountain Fuel Resources

FordBacon & Davis

British Gas pic

Osaka Gas CompanyLtd

CoaLiquid Inc.

M.W. KeUogg Company
Unfted States Department ofEnergy

NASALewis Research Center

ElginButler Brick Company
National Synfuels Inc.

New Energy& Industrial Technology DevelopmentOrg.

Bechtel PowerCorporation

BrooklynUnion Gas Company

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

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
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STATUS OFCOAL PROJECTS

COMPLETEDAND SUSPENDED

Project

New Jersey Coal-WaterFuel

Project

NewMexico Coal Pyrolysis Project

NewZealandUCG Project

Nices Project

NorthAlabamaCoal toMethanol

Project

NorthDakota Synthetic Fuels

Project

NYNAS EnergyChemicals Complex

OberhausenCoal Gasification

Project

Ohio I Coal Conversion

Ohio I Coal Conversion Project

Ohio Coal/Oil Coprocessing Project

OhioVaUey Synthetic Fuels

Project

Ostrava DistrictHeating Plant

OttHydrogeneration Process Project

P-CIG Process

Peat-by-Wire Project

PROJECTS (Continued)

Sponsors

EasternGas & Fuel Assodates

EG&G

Westinghouse Corporation

United StatesDepartment ofEnergy

AshlandOil, Inc.

Babcock&WilcoxCompany
Slurrytech, Inc.

EnergyTransition Corporation

Energy International Corporation

ElectricityCorporation ofNewZealand Ltd

Glencoal EnergyLtd

Northwest PipelineCorporation

Air Products & Chemicals Company
Raymond International Inc.

Tennessee VaUeyAuthority

InterNorth

MinnesotaGas Company
Minnesota Power & LightCompany
Mhmkota Power Cooperative

MontanaDakotaUtilities

NorthDakota Synthetic Fuels Group
NorthDakota Synthetic Fuels Project

Northwestern Public Service

Ottertail PowerCompany
Wisconsin Power& Light

AGA

A Johnson & Company
Swedish Investment Bank

Rubrchemie AG

Ruhrkohle Oel & Gas GmbH

AlbertaGas Chemicals, Inc.

NorthAmerican Coal Corporation

WentworthBrothers

EnergyAdaptors Corporation

Ohio Clean Fuels, Inc.

Stone andWebster EngineeringCorp.
HRIInc.

Ohio Coal Development Office

United StatesDepartment ofEnergy

ConsoUdatedNatural Gas System

StandardOil Company ofOhio

ABB Carbon

Carl A. OttEngineeringCompany

Interproject Service AB

Nippon Steel Corporation

PBW Corporation

LastAppearance in SFR

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

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
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors

PeatMethanol Assodates Project

Penn/Sharon/Klockner Project

PhiladelphiaGas Works Synthesis

Gas Plant

Phillips CoalGasification

Project

PikeCounty Low-BTUGasifier

for Commercial Use

PlasmaArc Torch

Corporation

Polish DirectLiquefaction Process

Port SuttonCoal-Water Fuel Project

Powerton Project

Pressurized Fluid BedCombustion

Advanced Concepts

Purged Carbons Project

PyGas Demonstration Project

PyrolysisDemonstration Plant

Pyrolysis ofAlberta Thermal Coals,
Canada

RiserCracking ofCoal

RUHR100 Project

RheinbraunHydrogasification ofCoal

ETCOMethanol Inc.

J. B. Sunderland

PeatMethanol Associates

Transco PeatMethanol Company

Klockner Kohlegas GmbH

PennsylvaniaEngineering Corporation
Sharon Steel Corporation

PhiladelphiaGas Works

United States Department ofEnergy

Phillips Coal Company

AppalachianRegional Commission

Kentucky, Commonwealth of

United StatesDepartment ofEnergy

SwindeU-DresserCompany
TechnologyApplication Service

Coal Conversion Institute, Poland

ARC-CoaLInc.

COMCO ofAmerica, Inc.

Commonwealth Edison

Electric PowerResearch Institute

Fluor Engineers and Constructors

Illinois, State of

Unfted States Department ofEnergy

M.W. KeUoggCompany

Integrated Carbons Corporation

Morgantown Energy TechnologyCenter

Jacobs Shrine Engineers Inc.

Kentucky, Commonwealth of

Ocddental Research Corporation

Tennessee VaUeyAuthority

Alberta/Canada EnergyResource

Research Fund

Alberta Research Council

Institute ofGasTechnology
United Sates Department ofEnergy

Ruhrgas AG

Ruhrkohle AG

SteagAG

WestGermanMinistryofResearch andTechnology

Reinische Braunkohlenwerke

Lurgi GmbH

Ministry ofResearch& Technology

Last Appearance in SFR

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

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
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors

Saarbergwerke-Otto Gasification SaarbergwerkeAG

Dr. C. Otto &Company

FosterWheeler Corporation

ScrubgrassAssodates

SolidEnergy Systems Corporation

JinChy, Shanxi Province, PR China

SavannahCoal-Water Fuel Projects

Scrubgrass Project

Sesco Project

Shanxi Modified Fischer-Tropsch

Process Project

Sharon Steel

SheU Coal Gasification Project

Simplified IGCC Demonstration Project

SlaggingGasification Consortium

Project

Sohio Lima Coal Gasification/

Ammonia Plant Retrofit Project

Solution-Hydrogasification

Process Development

SouthAustralian Coal Gasification

Project

Southern California Synthetic

Fuels Energy System

SolventRefined Coal Demonstration

Plant

Steam-Iron Project

Synthane Project

Synthoil Project

KlocknerKohlegas GmbH

Pennsylvania Engineering Corporation

Sharon Steel Corporation

SheU Oil Company
RoyalDutch/Shell Group

General Electric Company
BurlingtonNorthernRailroad

Empire State Electric EnergyResearch Corporation

NewYork State EnergyResearch andDevelopmentAuthority
NiagaraMohawk Power Corporation

Ohio Department ofDevelopment

PeabodyHolding Company
United States Department ofEnergy

BabcockWoodaU-DuckhamLtd

BigThree Industries, Inc.

The BOC Group pic

BritishGas Corporation

Consolidation Coal Company

Sohio Alternate Energy

Company

General Atomic Company
Stone &Webster Engineering Company

Government ofSouthAustralia

CF.Braun

Pacific LightingCorporation

Southern California Edison Company
Texaco Inc.

International Coal Refining Company
Air Products and Chemicals Inc.

Kentucky Energy Cabinet

United States Department ofEnergy
Wheelabrator-Frye Inc.

Gas Research Institute

Institute ofGas Technology
United States Department ofEnergy

Unfted States Department ofEnergy

FosterWheelerEnergy Corporation
Unfted States Department ofEnergy

Last Appearance in SFR

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

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
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STATUSOFCOAL PROJECTS

COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors LastAppearance in SFR

Sweeny Coal-to-Fuel Gas Project

Tenneco SNG From Coal

Tennessee SynfuelsAssodates

Mobil-M Plant

Texaco CoolWater Project

ThermoChem Pulse Combustion

Demonstration

Tom's Creek IGCC Demonstration Plant

Toscoal ProcessDevelopment

Transco Coal Gas Plant

Tri-State Project

TRW Coal Gasification Process

TVAAmmonia From Coal Project

Two-Stage Entrained Gasification

System

UndergroundBituminous Coal

Gasification

Underground Coal Gasification

Underground Coal Gasification,
Ammonia/UreaProject

UndergroundGasification ofAnthracite,
Spruce Creek

UndergroundCoal Gasification, Joint

Belgo-German Project

UCGBrazil

UCG Brazil

Underground Coal Gasification, Canada

Underground CoalGasification,
EnglishMidlands Pilot Project

Underground CoalGasification,
Hanna Project

The Signal Companies, Inc.

Tenneco Coal Company

Koppers Company, Inc.

Texaco Syngas Inc.

NorthshoreMining
ThermoChem, Inc.

United StatesDepartment ofEnergy

TAMCO Power Partners

Unfted States Department ofEnergy

TOSCO Corporation

Transco EnergyCompany
Unfted States Department ofEnergy

KentuckyDepartment ofEnergy
Texas Eastern Corporation

Texas Gas Transmission Corporation

United States Department ofEnergy

TRW, Inc.

Tennessee VaUeyAuthority

Combustion Engineering Inc.

Electric Power Research Institute

United States Department ofEnergy

Morgantown Energy Technology Center

Unfted States Department ofEnergy

University ofTexas

Energy International

Spruce CreekEnergy Company

Government ofBelgium

Compannia Auxiliar de Empresas ElectricasBrasfleriras

CompanhiaAuxiliar de Empresas Electricas Brasileiras

US. DOE

AlbertaResearchCouncil

British Coal

RockyMountainEnergy Company
United States Department ofEnergy

March 1985; page 4-94

March 1987; page 4-85

December 1983; page 4-1 12

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 4-1 14

September 1989; page 4-77

June 1984; page 4-91

March 1987; page 4-93

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
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COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors Last Appearance in SFR

Underground Coal Gasification, Leigh Creek Government ofSouthAustralia

Underground Coal Gasification

Hoe Creek Project

UndergroundCoal Gasification LLNL

Studies

Underground Coal Gasification

Underground Coal Gasification

RockyHiU Project

Underground Coal Gasification, Rocky
Mountain 1 Test

Underground Gasification ofDeep Seams

Underground Gasification of

Texas lignite, Tennessee

Underground Gasification of

Texas Lignite

Underground Coal Gasification, India

Underground Coal Gasification,
Thunderbird II Project

UndergroundCoal Gasification,

Washington State

UndergroundGasification of

Texas Lignite, Lee County Project

Union Carbide Coal Conversion

Project

University ofMinnesota

Low-BTU Gasifier forCommer

cialUse

UtahMethanol Project

Varum DistrictHeating Plant

Verdigris

VEW Gasification Process

Victorian Brown Coal Liquefaction Project

Virginia Iron Corex Project

Virginia PowerCombined Cycle Project

Lawrence Livermore National Laboratory
United States DepartmentofEnergy

Lawrence LivermoreNational Laboratory

MftcheU Energy
Republic ofTexas Coal Company

ARCO

Amoco Production Company

Groupe (fEtudes de laGazeification Souterraine

Charbonnages de France

Gazde France

Instftut Francais du Petiole

Basic Resources, Inc.

Texas A&MUniversity

Oil andNatural Gas Commission

In Sftu Technology
Wold-Jenkins

Sandia National Laboratories

Basic Resources, Inc.

Union Carbide/Linde Division

Unfted StatesDepartment ofEnergy

UniversityofMinnesota

Unfted States Department ofEnergy

Questar Synfuels Corporation

EnergieVerk

Agrico Chemical Company

Vereinigte ElektrizftatswerkeWestfalenAG

Brown Coal Liquefaction (Victoria) Pty. Ltd

Virginia Iron IndustriesCorp.

Consolidation Coal

Electric Power Research Institute

SlaggingGasification Consortium
Virginia Electric and Power Company

September 1989; page 4-81

December 1983; page 4-119

December 1990; page 4-84

March 1985; page 4-98

December 1983; page 4-120

March 1990; page 4-76

December 1987; page 4-86

December 1983; page 4-121

December 1983; page 4-121

March 1991; page 4-104

March 1985; page 4-102

March 1983; page 4-124

March 1985; page 4-101

June 1984; page 4-92

March 1983; page 4-1 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
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COMPLETEDAND SUSPENDED PROJECTS (Continued)

Project Sponsors Last Appearance in SFR

Watkins Project Cameron Engineers, Inc. March 1978; page B-22

Western Canada IGCC Demonstration Plant Coal Association ofCanada June 1994; page 4-84

Canadian Federal Government

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80

Gasification System for

Electric Power Generation

WnftethorneCoal Gasification Unfted Synfiiels Inc. September 1984; page C-36

WyomingCoal Conversion Project WyCoalGas, Inc. (a Panhandle EasternCompany) December 1982; page 4-1 12

ZincHalide Hydrocracking Conoco Coal DevelopmentCompany June 1981; page 4-86

Process Development SheUDevelopmentCompany
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Company orOrganization

AirProducts and Chemicals, Inc.

Amoco

AnjouUniversity

Bechtel Group

Bdjing, China

BdjingResearch Institute ofCoal Chemistry

BharatHeavyElectricals Ltd

British Coal Corporation

British Department ofEnergy

Calderon Energy Company

CarbonaOy

Central Research Institute ofElectric Power

Industry

ChinaMiningUniversity

ChinaNational Technical Import and

Export Corporation

Chinese Central CoalMining Research Institute

Coal Technology Corporation

Continental EnergyAssociates

Coval Technologies, Inc.

CPICORManagement Co. LLC

Dakota Gasification Company

DatongCfty, Shanxi Province, China

Demkolec B.V.

Dynegy, Inc.

Eastman Chemical Company

ELCOGAS

Encoal Corporation

Energy Systems Research Center

European Economic Community

Fife EnergyLtd

ProjectName

Laporte Alternative FuelsDevelopment Program

Liquid Phase Methanol Process Demonstration

British SolventLiquid Extraction Project

SouthKorea IGCC Process DevelopmentUnft

IMHEXMolten Carbonate Fuel CeU Demonstration

BdjingCoking and Chemical Works

YunnanXianfeng LigniteDirect Liquefaction

BHELPressurized Fluidized Bed IGCC Project

Advanced AirBlownGasification System

British Coal Liquid Solvent Extraction Project

Calderon Cokemaking Process

IBJL/Carbona IGCC Project in India

CRIEPI Entrained Flow Gasifier

Xu Zhou andTang San CoalUnderground GasificationTest

Ammonia Plant oftheWeihe Chemical FertilizerPlant

LuNanAmmonia-from-Coal Project

Chinese Direct Liquefaction PlantUsingHTI Technology
YunnanXianfeng Lignite Direct Liquefaction

Mild Gasification Process DemonstrationUnit

Humboh Energy Center

Covol Coal Fines ProcessingPlant

Clean Power from Integrated Coal Ore Reduction

Great Plains Synfuels Plant

DatongCoal Gas Plant

Buggenum IGCC Power Plant

Wabash RiverCoal GasificationRepowering Project

Liquid PhaseMethanol Process Demonstration

PuertoUano IGCC Demonstration Plant

Encoal LFCDemonstration Plant

South Korea IGCC ProcessDevelopmentUnft

British Coal Liquid Solvent Extraction Project

Fife AFT-IGCC Power Project

4-58

4-59

4-48

4-66

4-56

447

4-70

4-47

4-46

4-48

4-49

4-56

4-51

4-69

4-46

4-59

4-49

4-70

4-60

4-56

4-50

4-49

4-55

4-52

4-48

4-67

4-59

4-62

4-53

4-66

4-48

4-54
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INDEXOFCOMPANYINTERESTS (Continued)

Company orQrp^tl'*'on

GEC/Alsthom

German FederalMinistry of

Global Energy

Global Environmental, Ltd

Henan Provindal Government

Herman Research Pty. Ltd

HOECHSTAG

Hydrocarbon Technologies Inc.

IBILEnergy Systems

Institute ofGasTechnology

JamesW. Bunger andAssociates

JapanGas Assodation

KFx Inc.

T *nrhaii Cfty, Gansu Province, China

TheM.W. KeUoggCompany

KruppKoppers GmbH

Louisiana Gasification Technology, Inc.

Lurgi GmbH

M-C Power Corporation

Mitsubishi Heavy Industries

Mitsui BabcockEnergyLtd

Motiva Enterprises LLC

New Energy and Industrial Technology
Development Organization

NokotaCompany

Pennsylvania EnergyDevelopmentAuthority

People's RepubUc ofChina

PowerGen

ProjectName

AdvancedAirBlownGasification System

Rheinbraun High-TemperatureWinkler Project

Fife AFT-IGCC Power Project

Global Environmental SlaggingGasification Injection ofWastes

Yima Cfty Coal Gasification Project

IntegratedDrying, IGCC Pilot Plant

Synthesegasanlage Rurh

Chinese Direct Liquefaction PlantUsingHTI Technology

IBIL/Carbona IGCC Project in India

IMHEXMolten Carbonate Fuel CeU Demonstration

WiserDirectCoal Liquefaction Process

ARCH Process

K-Fuel Commercial Facility

I anyhau Coal Gasification Plant

Pinon Pine IGCC Powerplant

PRENFLO Gasification Pilot Plant

Destec Syngas Project

Rheinbraun High-TemperatureWinkler Project

IMHEXMolten Carbonate Fuel CeU Demonstration

Berau Process Derived Fuel Project

AdvancedAhBlown Gasification System

Delaware Clean Energy Project

ARCH Process

CRIEPI Entrained FlowGasifier Project

Nedol Bituminous Coal Liquefaction Project

DunnNokotaMethanol Project

Humboh EnergyCenter Project

HarbinGasification Plant

Mongolian EnergyCenter

Qingdao Gasification Plant

ShougangCoal Gasification Project

WujingTrigeneration Project

Yima City Coal Gasification Project

Yunnan Kai Yuan Chemical Fertilizers Plant

Yunnan Province Coal Gasification Plant

AdvancedAir BlownGasification System

4-46

4-63

4-54

4-54

4-70

4-57

4-66

4-49

4-56

4-56

4-68

4-46

4-57

4-58

4-61

4-62

4-52

4-63

4-56

4-47

4-46

4-52

4-46

4-51

4-60

4-53

4-56

4-55

4-60

4-62

4-66

4-69

4-70

4-70

4-70
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INDEXOFCOMPANY INTERESTS (Continued)

Company orOrganization ProjectName

PSI Energy Inc.

P.T. Berau Coal

P.T. TambangBatubara

Qinghuangdao Cfty, China

Rheinische Braunkohlwerke AG

Rosebud SynCoal Partnership

RuhrkohleAG

RWE Energie AG

Sanghi Industries

Sasol Limited

Scotia Resources Ltd

Sekundarrohstoff-Verwertungszentrum

Shanghai Coking& Chemical Corporation

Shanxi Institute ofCoal Chemistry

Sierra Pacific PowerCompany

SINOPEC

SouthernCompany Services, Inc.

Stewart and Stevenson Services Inc.

Taiyuan Cfty, China

TampaElectric Company

TEK-KOL Partnership

Tennessee Eastman Company

Ube Industries, Ltd

Uhde GmbH

United KingdomDepartment ofEnergy

Unfted States Department of Energy

Wabash River Coal GasificationRepowering Project

Berau Process Derived Fuel Project

TambangBatubara PDF Project

Qinghuangdao Gasification Plant

Rheinbraun High-TemperatureWinkler Project

Rosebud SyncoalUpgrading Process

BritishCoal Liquid SolventExtraction Project

SynthesegasanlageRuhr (SAR)

KoBraHigh-TemperatureWinkler IGCC Demonstration Plant

IBIL/Carbona IGCC Project in India

Sasol

Scotia Coal Synfuels Project

Schwarze Pumpe Gasification ofWastes

WujingTrigeneration Project

AshAgglomeratingGasifier PDU

AshAgglomeratingGasifier Project

Pinon Pine IGCC Power Plant

JinlingPetrochemical Corp. Fertilizer Plant

Wilsonvflle Power Systems Development Facility

IMHEXMolten Carbonate Fuel CeU Demonstration

Taiyuan Coking and Chemical Plant

Polk Power Station IGCC Plant

Berau Process Derived Fuel Project

TambangBatubara PDF Project

EastmanChemicals From Coal

Ube Ammonia-From-Coal Plant

RheinbraunHigh-TenmeratureWinkler Project

Advanced AirBlown Gasification System

Encoal LFC Demonstration Plant

Laporte Alternative Fuels Development Program

Liquid PhaseMethanol Process Demonstration

Mild Gasification Process DemonstrationUnft

Pinon Pine IGCC Power Plant

Polk Power Station IGCC Plant

Rosebud SyncoalUpgrading Process
Wilsonvflle Power Systems Development Facility Project
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4-47

4-67

4-63

4-63

4-64

4-48

4-66

4-58

4-56

4-64
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4-65

4-69
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INDEXOFCOMPANYINTERESTS (Continued)

Company orOrganization Project Name Page

Voest-Alpine Industrieanlagenbau COREX Process 4-50

Western EnergyCompany Rosebud SyncoalUpgrading Process 4-64

Yunnan Province, China YunnanKai YuanChemical Fertilizer Plant 4-70

Zdgler Coal HoldingCompany Commercial Liquids-From-Coal Plant 4-49
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NATURAL GAS

PROJECT ACTIVITIES

MOSSGAS EXTENDS PLANT LIFEWITH

DEAL FOR NEW GAS SUPPLY

The Mossgas gas-to-liquids plant in South Africa

has been faced with a shortfall in gas reserves

that threatened to result in a shutdown by
year 2001 . In September a deal was announced

that will keep the plant supplied with feedstock

until 2006.

Under the alliance agreement between Mossgas

and Dresser-Kellogg, $300 million will be spent

on development of other fields in the Bredas-

dorp Basin, off Mossel Bay. As reported in Pe

troleum Economist, the Bredasdorp Alliance will

drill an initial two wells in the E-M field and a

single dual-lateral well in E-BF by April 2000,
followed by more wells in the second phase of

the project. Gas and condensate will be trans

ported through a new 18-inch pipeline to F-A

facilities, 49 kilometers to the east, for transport

to the Mossgas plant through existing pipelines.

Exploration drilling was to start in November at

the F-H field, which could also be tied into the

new pipeline.

CORPORATIONS

RENTECH MOVES GTL TEST FACILITY TO

DENVER

Rentech Inc., the Denver-based holding com

pany and developer, marketer and licensor of a

proprietary process for the conversion of gas

and solid hydrocarbon-bearing materials into

valuable liquid hydrocarbons announced in Oc

tober that it was moving its Gas-To-Liquids

(GTL) research and test facility from Pueblo,

Colorado, to a new location in Denver, Colo

rado.

According to Rentech, the relocation will provide

the company with a modem research facility

which is convenient and accessible to support

its continuous technology improvement efforts.

Further, the facility expansion and the additional

new test equipment will furnish Rentech with the

tools and continued support necessary to insure

that Rentech's GTL process technology remains

in the forefront of this rapidly growing sector of

the oil and gas industry.

"Moving and improving our technical facility is a

priority. Pueblo served us well in the early go

ing. The distance of the facility from the home

office and the need to update our research and

development capabilities has made this move

essential. The ever increasing interest in GTL

makes it imperative that we as a company

maintain the high technological standards we

have set for ourselves as well as the
industry,"

stated D. Yakobson of Rentech.

ECONOMICS

AMOCO COMPUTES GAS-TO-LIQUIDS WILL

BE ATTRACTIVE AT $18 OIL PRICES

A comprehensive economic analysis of making

Fischer-Tropsch liquids from natural gas was

presented by M. Gradassi of Amoco at the con

ference "Monetizing Stranded Gas
Reserves,"

held in San Francisco, California, in December.

Gradassi notes that during the last year, there

has been much in the literature about the rebirth

of Gas-To-Liquids (GTL) processes, most nota

bly, Fischer-Tropsch (F-T) processes. This re

newed interest has been brought about by a

technology that quietly has been improved to

the point of becoming competitive with petro

leum fuels. There is no one single reason for

this positive economic change. Rather, it is the

result of several technological improvements

that together have cut the capital cost of

Fischer-Tropsch GTL projects in half. Among
the technological improvements are lower cost

syngas preparation and lower cost GTL reac

tors. Gradassi's paper examines the economics

of F-T liquids manufacture, using recent litera-
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ture articles as its basis. A survey approach

was used to develop process capital costs, op

erating expenses, liquid product value parame

ters and other economic factors.

Sasol has been operating and improving its Se

cunda, South Africa, facilities which today re

portedly produce in excess of 120,000 barrels

per day of F-T liquids. Sasol's technology is

practiced using both coal and natural gas as

feedstocks. Sasol now claims they can build

GTL plants in 10,000-barrel per day capacity
modules with a capital cost of $28,000 to

$30,000 per daily barrel. With further improve

ments, capital costs of $25,000 and eventually

$20,000 per daily barrel are expected to be fea

sible.

When Shell built its GTL plant in Bintulu, Malay
sia, during the early 1990s, plant capital costs

were said to be about $68,000 per daily barrel.

Shell now claims their technology can be ap

plied at larger scale at a capital cost of

$24,000 per daily barrel.

Meanwhile, Exxon says their technological ad

vances have the advantage of superior scalabil

ity. They claim a plant capital cost of

$24,000 per daily barrel is achievable at a scale
of 50,000 barrels per day.

Another player in the GTL arena is Syntroleum.

Where Sasol, Shell and Exxon appear to have

adopted a strategy of scaling up their processes

to improve economics, Syntroleum appears to

be focusing on applying its technology to

smaller-scale plants. Even at a scale of

5,000 barrels per day, Syntroleum has claimed

a plant capital investment of $30,000 per daily
barrel.

Economic Assumptions

Gradassi's Base Case GTL plant assumptions

are shown in Table 1 .

The economic assumptions used in the cash

flow calculations are listed in Table 2.

Economic Results

For the assumed Base Case, the Internal Rate

of Return (IRR) was calculated at just below

15 percent, with a Net Present Value at

10 percent discount rate (NPV10) of

$600 million. Therefore, a gas-to-liquids

manufacturing plant that follows the given Base

Case assumptions will provide its investors a

near 15 percent return on their investment over

the plant's lifetime. Furthermore, such a plant

will return a net $600 million over and above the

cash outflows and inflows when they are dis

counted at 10 percent.

Liquid product manufacturing cost is shown in

Figure 1 for IRRs of 8, 10, 13 and 15 percent.

TABLE 1

BASE CASE GAS-TO-LIQUIDS PLANT ASSUMPTIONS

Parameter Value

Gas to Liquids Plant Capacity
Plant Capital Cost

Gas Consumpion

Non-Gas Operating Expense

Liquid Product Value

Byproduct Power

50,000 barrels per stream day
$26,200 per daily barrel

9,500 scf per barrel of liquid product

$5.00 per barrel of liquid product

143% crude oil price

none
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TABLE 2

ECONOMIC ASSUMPTIONS

Parameter

Manufacturing Plant Life

Depreciation Schedule

Plant Construction Period

Plant Construction Capital Spending Profile

Owner's Equity
General Inflation

Escalation Above General Inflation

Federal + State Income Taxes

Plant On-Stream Factor

Plant Stream Day Production Profile

Working Capital Model

Crude Oil Price

Natural Gas Price

Product Shipping Expense

Value

25 years

10 year, straight line

3 years

25%, 50%, 25%

100%

3% per annum

none

35%

95%

50% year 1, 100% year 2-25

15 day's liquid product inventory
$18.00 per barrel

$0.50 perMscf

$0.91 per barrel

What the figure illustrates, says Gradassi, is that

for the assumed Base Case, liquid product plant

gate manufacturing cost (cash cost) is about

$10 per barrel regardless of the IRR. The figure

further illustrates that with the addition of freight

expense and repayment of capital investment

(no profit) manufacturing costs subtotal about

$14 per barrel.

Therefore, regardless of the IRR required to

meet investment requirements, the minimum

manufacturing cost of GTL products likely will

not be much less than $14 per barrel. This

$14-per barrel figure can be viewed as the

break-even cost for GTL manufacture.

When return on capital (profit) and taxes are

considered, however, the manufacturing cost

picture changes significantly. Manufacturing

costs when 15 percent IRR is included rise to

about $26 per barrel. Gradassi notes that this

15 percent IRR likely would be achievable in an

$18 per barrel crude oil market. At 8 percent

IRR, manufacturing costs rise to only $18 per

barrel. However, as Figure 1 shows, even in a

$14 per barrel crude oil market environment, an

IRR of at least 10 percent should be feasible.

Thus, an investment in GTL is judged likely for

some companies.

Natural gas price has the single greatest effect

on the IRR of GTL manufacture. The sensitivity

of the Base Case economics to gas price is es

pecially important. With even modestly priced

gas at $1 per thousand cubic feet, the IRR of

GTL manufacture drops rapidly. In this case, it

drops from 15 percent with $0.50 gas, to

11 percent with $1 gas. While a 15 percent IRR

is judged likely to be attractive to many GTL

investors, an 11 percent IRR is judged to be

only marginally attractive. Thus, for a profitable

GTL project, it is highly important to secure an

attractive gas price over the manufacturing
plant's lifetime.

The economic relationships between crude oil

price and liquid product value for the Base Case

parameters are illustrated in Figure 2.
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FIGURE 1

GAS-TO-LIQUIDS PRODUCTMANUFACTURINGCOST
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For the Base Case (liquid product value equals

143 percent of crude oil price) an increase in the

crude oil price for the entire project life would

raise the GTL project IRR attractively well be

yond 15 percent. However, if crude oil prices

were to decline significantly, much as they have

during 1998, project economics would suffer.

With a $2 per barrel drop in crude oil price (from

$18 to $16), the project economics drop from

15 percent IRR to 13 percent IRR for the Base

Case. Another $2 per barrel drop would move

the economics to about 11 percent IRR.

With respect to the liquid product value,

Gradassi feels it is unlikely for it to drop below

the average conventional product value pre

mium versus crude oil of 130 percent. Thus, in

a worst case, a $4 per barrel drop in crude oil

price should result in no worse than an 8 to

9 percent IRR for a GTL project. However, val

ues of IRR this low may discourage many in

vestors.

The production and sale of byproduct power was

not included in the Base Case. However, the

results show that with an assumed byproduct

power production of 50 megawatts per

10,000 barrels per day of liquid product capacity
and an assumed electric power sale price of

$0.03 per kilowatt-hour, the liquid product

manufacturing cost is reduced by $3.80 per bar

rel. Thus, the sale of coproduct power should

permit attractive returns in a crude oil market of

$15.40 per barrel. Alternatively, in a crude oil

market of $18 per barrel, the Base Case IRR

increases to 17.5 percent, and the NPV10 in

creases by $370 million to $970 million. With

this economic potential, the pursuit of electric

power coproduction is readily understandable.
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FIGURE 2

ECONOMIC SENSITIVITY- CRUDEOIL PRICEVERSUS LIQUID PRODUCTVALUE
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TECHNOLOGY

SHELL F-T SYNTHETIC DIESEL FUEL

REDUCES ALL TRUCK EMISSIONS

Previous engine laboratory tests indicate that

Fischer-Tropsch (F-T) diesel is a promising al

ternative fuel because it can be used in un

modified diesel engines and substantial exhaust

emissions reductions can be realized. The re

sults of preliminary tests to assess the real-

world performance of F-T diesel fuels in heavy-

duty trucks were reviewed by P. Norton, of the

National Renewable Energy Laboratory (NREL),

et al. at the Society of Automotive Engineers

(SAE) International Fall Fuels and Lubricants

Meeting held in San Francisco, California, in

October (SAE Paper No. 982526).

Background

Sasol in South Africa has been using F-T proc

esses to synthesize transportation fuels and

chemicals from domestic coal reserves since

the 1950s. Today, F-T diesel is used as a neat

transportation fuel in South Africa, and also as a

blend stock for use with petroleum-derived die

sel to achieve low-sulfur-content specifications.

Sasol has recently developed cobalt-based

catalyst and slurry phase distillate reactor tech

nology to further improve the economics for

producing F-T diesel fuel.

Sasol's Slurry Phase Distillate (SSPD) fuel has

been evaluated in a Detroit Diesel Se

ries 60 12.7-liter diesel truck engine. Substan

tial reductions of NOx and Particulate Matter

(PM) emissions were demonstrated for SSPD

and SSPD-diesel blends over the hot-start por-
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tion of the United States Environmental Protec

tion Agency Federal Test Procedure (FTP).

Results for an SSPD fuel blended in conven

tional No. 2-D grade diesel fuel are reproduced

in Figures 1 and 2. The study concluded that

SSPD could be blended with conventional

No. 2-D diesel fuel in 40:60 proportions to pro

duce emissions equivalent to a California diesel

fuel.

Three experimental F-T diesel fuels were

evaluated on an unmodified Detroit Diesel Se

ries 60 11.1 -liter diesel truck engine at South

west Research Institute. When fueled with

FIGURE 1

PERCENT EMISSIONS REDUCTION COMPAREDTO NO. 2 DIESEL FUEL
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neat F-T diesel fuels, about 3 to 8 percent lower

torque was observed over the speed range of

the engine relative to diesel-fueled torque lev

els. Brake specific NOx and PM emissions for

the neat F-T diesel fuels were on average about

8 and 30 percent lower, respectively, than

No. 2 diesel fuel emissions for the hot-start FTP

transient cycle.

Shell's middle distillate synthetic diesel fuel has

recently been tested in the Daimler-

Benz OM61 1 2.2-liter turbodiesel using a

13-mode steady-state procedure. Compared to

a No. 2 diesel baseline fuel, neat F-T diesel fuel

emitted about 6 percent lower NOx and

37 percent lower PM on an equally
weighted-

averaged basis. A joint European study also

confirms that neat F-T fuel containing only par

affins produces similar reductions in emitted

pollutants, for a variety of light- and heavy-duty
vehicles and engines.

Due in part to the success of these engine labo

ratory tests, F-T diesel is being considered as a

candidate fuel for the United States Department

of Energy/NREL Alternative Fuel Truck Evalua

tion Project. Some preliminary engine and ve

hicle tests were recently performed to prepare

for a possible on-road demonstration of an F-T

diesel-fueled truck.

Seven White-GMC Class 8 trucks equipped with

Caterpillar 10.3-liter engines were tested using

the following fuels:

California No. 2 diesel

50:50 percent F-T:Califomia diesel blend

with fuel lubricity additive

100 percent Shell F-T diesel with fuel lu

bricity additive

Results

Drivers could not detect a performance differ

ence between trucks operating on F-T diesel

and California diesel.

Five trucks were tested on California diesel and

100 percent F-T diesel. Use of F-T diesel in

place of California diesel in these trucks led to

lower levels of all four emissions measured.

NOx was reduced by an average of 12 percent,

PM was reduced by an average of 24 percent,

CO was reduced by an average of 18 percent

and the Total Hydrocarbon (THC) emissions

were reduced by an average of 40 percent.

These trucks had essentially the same average

fuel consumption on an equal energy basis

when they were run on F-T diesel and California

diesel. The truck-to-truck variation in fuel con

sumption on California diesel (about 19 percent)

was much greater than the difference in fuel

consumption for any given truck on California

and F-T diesel (about 4 percent maximum).

The lower heating value of the F-T diesel

(123,600 BTU per gallon) is about 3 percent less

than the California diesel (127,900 BTU per

gallon); therefore, the range of a truck on F-T

diesel will be slightly less than on California die

sel.

Three diesel trucks were tested on California

diesel, a 50 percent F-T and California diesel

blend, and 100 percent F-T diesel. Figure 3

shows the average results for two of these

trucks (Truck 2017 was not included in the av

erage). The 50 percent blend reduced the NOx
emissions from the truck nearly as much as the

neat F-T diesel, but PM emissions were not re

duced.

Three dual-fuel trucks were tested with com

pressed natural gas as the primary fuel and ei

ther California diesel or F-T diesel as the pilot

fuel. The dual-fuel trucks emitted less NOx and

higher CO and THC than the diesel trucks on

both California diesel and F-T diesel. Using the

F-T diesel as the pilot fuel in place of California

diesel lowered NOx emissions by an average of

26 percent and increased THC emissions by an

average of 41 percent. CO and PM emissions

were essentially unchanged.

The authors concluded that the vehicle per

formance and emissions results were promising
enough to justify a more thorough fleet evalua

tion in revenue service with F-T diesel.
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FIGURE 3

AVERAGE EMISSIONS FROM TWO DIESELTRUCKS
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SOURCE: NORTONETAL

RUSSIAN PYROLYSIS PROCESS

CONVERTS GAS TO LIQUIDS

In a paper prepared for the 1998 International

Gas Research Conference held in San Diego,

California, in November, V. Murin et al. of the

All-Russian Scientific Research Institute of

Natural Gases and Gas Technologies describe a

process which combines the elements of natural

gas pyrolysis, catalytic steam and carbon diox

ide reforming, heat-transport medium regenera

tion and simplicity of the reactor design. Ac

cording to the authors, variations of this concept

have been successfully used commercially for

more than 60 years.

The conceptual process flowsheet is shown in

Figure 1 . Pyrolysis of natural gas is carried out

in the fluidized heat-transport medium at a tem

perature of 1,100 to 1,150C and pressure of

0.5 to 1 .0 MPa under presooting conditions.

Vigorous growth of a Pyrolytic Carbon (PC) film

takes place on the surface of ceramic or carbon

heat-transport media. Reactions taking place in

Reactor 1 (Figure 1) can be written in a simpli

fied form as follows:

CH4 -> nCpC + 2nH2 - n75 kJ (1)

Where, n is the conversion of methane to PC,
mole fraction.

During pyrolysis of methane under presooting

conditions the conversion of methane to solid

PC can be from 15 to 50 weight percent de

pending on pyrolysis temperature and the gas

residence time.

The heat required for the endothermic gas

cracking reaction (1) is provided through the

wall by gases formed during combustion of

natural gas at pressures of 0.5 to 1 .0 MPa.
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FIGURE 1
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The combustion chamber is a refractory-lined

water-cooled enclosure. For reaction (1) to oc

cur, it is necessary to bum 5 to 1 5 percent of the

natural gas as a fuel, depending on methane

conversion efficiency in Reactor 1 .

The gaseous products of pyrolysis of methane

(i.e., unreacted methane, products of methane

coupling, pure hydrogen) after being mixed with

combustion products of natural gas (C02, H20,

N2), leave Reactor 1 and pass into Reactor 2,

where the endothermic reforming of the meth

ane-rich gas is performed by reaction with

steam and carbon dioxide at high temperatures

over a catalyst.

The heat necessary for steam reforming is gen

erated in Reactor 2 during exothermic combus

tion of PC deposited on the ceramic or carbon

heat-transport medium. The use of air instead

of pure oxygen saves an expensive air separa

tion plant. An air compressor is needed to allow

a fluidized combustion. The combustion of a

carbon in a continuous fluidized bed is a well

known process, as exemplified by the Winkler

process.

Carbon dioxide formed during combustion is

extracted with monoethanolamine after which it

is injected into Reactor 2 for C02 reforming of

methane.

According to Murin et al. the conceptual advan

tages of the technology under consideration

may be summarized as follows:

The use of air instead of pure oxygen

The superior heat transport properties of

the fluidized medium

Integration of the heat-transport medium

exothermal regeneration with endother

mic methane reforming in one vessel

Opportunity to make synthesis gas of a

desired H2/CO ratio

THE SYNTHETIC FUELS REPORT. JANUARY 1999

5-9



NATURAL GAS

By further compression and using some recy

cling the synthesis gas produced can be con

verted to several value-added products such as

methanol, higher hydrocarbons (liquefied petro

leum gas, gasoline, diesel) manufactured by
Fischer-Tropsch process, or dimethyl ether

synthesized by the Haldor Topsoe process.

Economics

The authors created a simple spreadsheet

model to perform heat and material balances of

the separate process stages, to determine ap

proximately the main equipment sizes, and to

calculate a capital cost based on the equipment

sizes and compare the cost of syngas generated

using this technology to that produced by a con

ventional method (steam reforming of natural

gas). The capital costs for the process equip

ment were estimated from a mixed assortment

of known equipment used for production of

methanol in Russia by the steam reforming

process. The preliminary economic evaluation

demonstrated that, depending on the cost for

natural gas in Russia ($10 to $40 per thousand

cubic meters), the process yields a profit of $7

to $16 per thousand cubic meters of natural gas

converted to syngas (Figure 2). The results

demonstrate the economic incentive for this

process compared to the conventional technol

ogy.

DME-DIESEL BLEND ACHIEVES

30 PERCENT PM REDUCTION

DiMethyl Ether (DME) is a promising new alter

native fuel for compression ignition direct injec

tion engines. However, the low viscosity of

DME can result in breakdown of the film bearing
between needle and sleeve of the injector,

which can lead to mechanical wear and leakage.

DME-diesel blends have a higher lubricity com

pared with pure DME and a better injection

spray compared with pure diesel.

The engine performance and exhaust gas char

acteristics of a compression ignition engine op

erated with DME blended diesel were summa-

FIGURE 2
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rized by Z. Chen, of Ibaraki University, et al. at
the Society of Automotive Engineers (SAE) In

ternational Fall Fuels and Lubricants Meeting
held in San Francisco, California, in October

(SAE Paper No. 982538).

By blending DME with diesel, the leakage was

decreased significantly from the case of pure

DME. Furthermore, it was shown that the leak

age rate was not linear in proportion to the

amount of DME in the fuel, and there was a

notable change in the leakage rate when the

proportion of DME reached approximately
20 percent. This would suggest that a blended

fuel with less than 20 percent DME would not

cause more leakage than with gas oil.

Injection Characteristics

The nozzle opening pressure was 8.82 MPa for

experiments with pure DME and was 20.58 MPa

for experiments with the pure gas oil and DME

blended fuel.

Adding more DME into gas oil would tend to

cause lower injection pressure, even under the

same nozzle opening pressure. This is due to

the low elasticity modulus and high vapor pres

sure of DME. No significant difference in nee

dle lift was observed among the various blended

fuels of DME at less than 10.9 percent.

Engine Performance

The same brake specific energy consumption

level was achieved for the different fuels. How

ever, the pure DME exhibited a significantly

lower exhaust temperature than the other fuels

at same engine load.

Exhaust Gas Characteristics

In this work the emissions of NOXl total un-

bumed hydrocarbon (THC) and smoke were

measured. The concentrations of NOx and

THC were measured for pure gas oil, 2, 5,
10 percent DME content fuel and pure DME.

Extra measurements of smoke at 20, 40, 60 and

80 percent DME content fuel were taken as well.

Considerably higher NOx emissions were ob

served when the engine was fueled with pure

DME at 17 degrees before Top Dead Center

(bTDC) injection timing, a standard recom

mended by the manufacturer for gas oil. When

the injection timing was retarded from

17 degrees bTDC to 5 degrees bTDC, the NOx
emissions for pure DME decreased to a level

comparable to that ofthe other fuels.

Results of THC emission measurements indi

cated a decrease in the emissions for pure DME

as compared to gas oil. As to the other fuels

tested, however, no significant difference in

THC emission could be observed, although it

was expected that the DME-blended gas oil

would have a short spray penetration and large

spray volume as well.

Figure 1 shows smoke emissions for fuels with

DME proportion varying from 0 (pure gas oil) to

100 percent (pure DME). The soot emissions

for pure DME operation were 0 over the whole

range of engine load. The experimental results

in Figure 1 also illustrate evident effects of

adding DME into gas oil on soot emission.

Even a small proportion of DME blended into

gas oil could induce a reduction in smoke emis-

FIGURE 1
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sions. For an injection timing of 17 degrees

bTDC, smoke emissions were reduced by about
30 percent when 10 percent DME was mixed

into gas oil.

That reduction could be partly attributed to the

nature of soot-free combustion of the DME dis

solved in the fuel. The expected reduction of

soot emissions due to the amount of DME in

place of the same amount On heating value) of

gas oil in the fuel was calculated. Figure 2

shows both the calculated soot emissions re

duction due to soot-free combustion of DME,
and the actual emissions reduction measured.

It was shown that the total emissions reduction

was greater than the expected emission reduc

tion due to soot-free combustion of DME.

Therefore, adding DME into gas oil is believed

to have additional positive effects on soot emis

sions reduction. This additional part might be

attributed to the leaner spray mixture formation

of the blended fuels.

FIGURE 2

EFFECTOF DME BLENDED FUEL

ON SMOKE REDUCTION

Reduction due to DME
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SOURCE: CHENETAL.

IGNITION SYSTEM REDESIGN IMPROVES

PERFORMANCE OF DME IN DIESEL ENGINE

DiMethyl Ether (DME) is under evaluation as a

diesel fuel substitute because it combines ex

cellent ignition properties with low particulate

emissions. The main problems of using DME in

the engines are its high vapor pressure, low vis

cosity, low density and calorific value. How

ever, a high cetane number (>100) and a high

tolerance of exhaust gas recirculation stimulated

interest in further research. V. Golovit-

chev et al. of Chalmers University of Technol

ogy discussed an ignition system developed

specifically for DME use at the Society of Auto

motive Engineers (SAE) International Fall Fuels

and Lubricants Meeting held in San Francisco,

California, in October (SAE Paper No. 982537).

An engine CFD model was developed to ac

count for the multistep, DME/air, oxidation

chemistry, and was used to study the neat DME

combustion dynamics in a constant volume de

vice at diesel-like conditions and in the

Volvo AH10A245 direct injection diesel engine.

Engine Modeling Results

The computational model developed was ap

plied to an axisymmetric bowl-in-piston engine

geometry with a peak in the center of the bowl.

In the case of neat DME, the jet is rapidly at

omized and evaporated. In the initial stage of

ignition the heat release zone looks like a diffu

sion flame, but in subsequent moments of time

the flame propagates in the partially premixed

mixture.

Excellent ignition quality of DME compositions

at temperatures less than 900 K is well illus

trated at the constant volume conditions. In

engine simulations the numerical results illus

trate that the injection schedule used in the case

of diesel fuel is not optimal for DME. If DME is

injected near Top Dead Center (TDC), an in

stantaneous evaporation (a few droplets could

be observed), and rapid ignition leads to strong

diesel knock. On the contrary, peak pressure

levels comparable with those for diesel fuel

5-12
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were achieved using early
(<-10

after TDC)
DME injection through nozzles of a larger di

ameter at reduced injection pressures and ve

locities (approximately 150 meters per second)
thus preventing too rapid spray atomization.

At these conditions, the ignition mechanism

demonstrates a well pronounced two-step char

acter with the maximum heat release placed

behind TDC. A salient feature of the early stage

of DME spray ignition has been also observed

experimentally in a form of a non-luminous (due

to a low level of soot) flame.

Thus, application of neat DME requires devel

opment of a low-pressure fuel injection equip
ment properly matched with the combustion

system. The soot formation model predicts no

ticeable levels of soot (see Figure 1). The big
gest problem with neat DME used as a fuel is its

high vapor pressure, low viscosity and lower

energy per given weight. The high vapor pres

sure can provoke the flash boiling in the course

of the fuel injection. Thus, cavitation occurs

more easily than for the diesel fuel. These

properties of neat DME result in too rapid fuel

evaporation and too early ignition. A mixture of

DME with water or methanol could make this

fuel more attractive to use, note Golovit-

chev et al.

DME-PROPANE BLENDS YIELD LOW PM

EMISSIONS

DiMethyl Ether (DME) has been suggested as

an alternative fuel for diesel or Compression

Ignition (CI) engines. Among the more impor

tant advantages of using DME are its high

cetane number and low soot emissions. In spite

of these desirable characteristics, DME as a

candidate fuel in CI engines has some disad

vantages: It has a high vapor pressure, low

boiling temperature and a low energy content,

approximately 70 percent that of diesel fuel. In

addition, because DME has a low viscosity, it is

likely to heavily leak as well as cause wear in

the fuel plunger.

In an effort to maximize the benefits and mini

mize the disadvantages of DME, a novel

method in which propane is dissolved into DME

FIGURE 1
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in order to directly inject it into the combustion

chamber was developed. S. Kajitani, of Ibaraki

University, et al. discussed the use of such pro-

pane-DME blends at the Society of Automotive

Engineers (SAE) International Fall Fuels and

Lubricants Meeting held in San Francisco,

California, in October (SAE Paper No. 982536).

This method of using DME-gaseous fuel blends

serves several advantages:

Because propane has a high Low-

Heating-Value (LHV), which is 8 percent

higher than that of diesel fuel, when pro

pane is dissolved in DME, the blending
increases the energy content.

The low self ignition temperature of DME

permits the use of gaseous fuel(s) in a CI

engine without various cumbersome fuel

system components and ignition aids,

such as: an additional (gaseous fuel)
tank; gas regulator/injector; a pilot injec

tion and glowplug.

The high boiling point of gaseous fuel(s)
in the blend is expected to expedite

mixing of fuel spray in the cylinder,

which may result in high atomiza-

tion/mixing effects similar to what can be

achieved when a high injection pressure

fuel system is employed.

The low percent of C-C bonds in the

structure of gaseous fuel(s) would pro

duce a low soot emission.

The engine apparatus used in the study was a

typical Direct Injection (Dl) CI engine, which was
manufactured by Yanmar Diesel Corporation.

Throughout the experiment the engine was op
erated at a fixed speed of 960 rpm with the in

jector needle opening pressure maintained at

8.82 MPa when either neat DME or blend was

used. Unless stated otherwise, all of the engine

measurements were made with an external load

equivalent to a brake mean effective pressure

(Pme)of0.4MPa.

Two separate experiments were conducted,

namely measurements at a fixed injection time

and a varied injection time. The former was to

characterize the engine response to the new

fuel and blends, and the latterwas to investigate

the injection timing effect on the engine per

formance and emissions.

Fixed Injection Time

Regarding the effect of propane in DME, the

higher the propane content in a blend, the ear

lier the injection timing. In this study, when a

blend with 50 percent propane content by mass

(a
"50P"

blend, i.e., OP corresponds to neat

DME) was used, the engine operated with the

start of fuel injection at
17 before Top Dead

Center (bTDC) and a 60P blend was about the

upper limit for achieving combustion.

An increased content of propane in a blend de

lays both the start of injection and the start of

self-ignition, which affects the cylinder pressure-

time (p-t) history. The delay varied by as much

as 5 Crank Angle (CA) degrees when the con

tent ranged up to 51 percent.

On the other hand, the higher the propane con

tent, the greater the amount of heat release

during the premixed combustion stage.

When the propane content was low, there was

no significant change in the start of combustion

as well as the
"pattern"

differentiating between

the premixed and the diffusion combustion

stages. When the propane portion increased in

the blend (e.g., 51 P), however, the pattern con

siderably varied with the change in the load.

This is interpreted as due to a varied amount of

propane vapor accumulated prior to the onset of

self-ignition. With a fixed timing of the start of

injection at 17 CA, a blend with 40P seemed

most likely to be the upper limit for satisfactory
engine combustion. If the engine operation and

design parameters are modified (e.g., compres
sion ratio, injector design and the start of injec

tion), the upper propane content and also the

operational region for satisfactory engine opera

tion would be raised.

For relatively high engine loads, the specific fuel

consumption (sfc) was mutually comparable for

three blends, namely 21 P, 40P and 51P. Under
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a fixed engine load, the sfc is quite consistent

with the corresponding exhaust gas tempera

ture, that is, the higher the sfc, the higher the

exhaust gas temperature.

In general, exhaust unbumed hydrocarbon

(THC) emissions are quite low when DME and

blends were used in comparison with diesel fuel.

When the measurements with DME and blends

were compared with each other, the results with

blendswere reduced by as much as one-half.

The relatively high CO emissions from blend

fueled engine operations are considered to

have originated from propane instead of DME,

which has a relatively low self-ignition tem

perature and low minimum ignition energy com

pared with propane.

In general, DME and its blends produce higher

NOx emissions, although they have the advan

tage of low soot emissions. Regarding the

measurements with blends made in the present

study, it was found that the higher the propane

content the lower the NOx emission.

Delayed Injection Time

In this experiment, a blend with 21 P was used,

which exhibited highly satisfactory engine op

erations. The injection time was studied from

17
bTDC to

5 bTDC. Consequently the meas

urements were obtained at
5 bTDC.

As expected, the sfc was higher with the re

tarded injection timing, which is basically due to

a late start of combustion and results in a poor

cycle conversion efficiency. As expected, the

exhaust gas temperature measurements were

considerably higher when the injection was re

tarded.

The NOx emissions, on the other hand,

achieved some significant reduction by retarding

injection (Figure 1). It is noteworthy that the

specific emission did not decrease with the en

gine load unlike the previous measurements

with a
17 bTDC injection. The unbumed hy

drocarbon emissions (THC) were much higher

with
5

bTDC injection (Figure 2), which
sug-
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gests that the timing adjustment was exces

sively retarded. The increase of CO emission

with the late injection, however, did not seem to

be as significant as in THC emissions.

These results show that NOx emissions from a

CI engine using DME blends with propane can

be reduced without any penalty of soot emission

similar to the effects with neat DME. An exces

sive delay caused significant increase of THC

but only minor change in CO emissions.

Conclusions

Kajitani et al. conclude that the propane-DME

blend method may be a viable strategy for using

widely available inexpensive petroleum gases

(with low cetane number) in CI engines without

additional cumbersome fuel or ignition system

components. In addition, because a CI engine

can be operated at a rich fuel/air ratio (perhaps

even near stoichiometric) without generating

excessive amounts of soot emission, a high ex

haust gas temperature can be attained. The

low-soot-emission fuels are expected to facili

tate the use of exhaust gas treatment devices

such as a catalytic converter.
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FIGURE 2
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STATUS OF NATURAL GAS PROJECTS

COMMERCIALPROJECTS (Underline denotes changes since January 1998)

ARUNACHAL PRADESH NATURAL GAS CONVERSION PROJECT - Rentech Inc., Esquire Gujarat Petrochemicals Coiporation Ltd., Donyi-

Polo Petrochemical Ltd., State ofAnmachal Pradesh, and Oil India, Ltd. (NG-05)

Rentech, Inc. is designing a gas conversion plant to be located in Arunachal 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 Arunachal 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 from Rentech's Pueblo, Colorado, facilitywas being refurbished in Calcutta, 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 ofsoft 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.

Project Cost: $10Million

MOSSGAS SYNFUELS PLANT - South African Central Energy Fund (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 off the southeast coast Gas for the synthesis plant will be 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, the Mossgas 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. In 1993 automotive fuels are not themost valuable products. Mossgas has been investigating the

scope for increased production and opportunities to produce value added products.

Increasing the syngas production capacity is also being investigated, because tbe synthesis units have considerable spare capacity and only an

additional reforming train will be required. In addition, the refinery gas condensate processing capacity could be increased significantly for a

relativelyminor investment

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 ofSR380 million to supply gas to the year 2008. Further exploration in the Bredasdorp Basin began

in October 1998.

The company's vision is to establish an olefins production complexwith value addition through downstream derivatives.

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 reforming plant which is followed by a secondary oxygen blown reforming reactor plant The capacity ofthe 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 predominantly light olefinic

hydrocarbons. The tailgas from Synthol is sent to the Tailgas Treatment plant where products (propylene, butylene and C5+ 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

of gas per hour and 12,000 barrels of associated condensate per stream day of the following
productswhich save SouthAfricamore than $320million in foreign exchange annually: gasoline, kerosene, diesel, LPG,mixed alcohols.

Final ProjectCost Onshore and offshore $3.15 biUion

CommissioningCosts $0.47 billion

NEW ZEALANDMethanolOperations - MethanexNewZealand Limited (NG-30)

MethanexNewZealand Limited, formed in 1993, is awholly owned subsidiary
ofthe Canadian basedMethanexCorporation.

THE SYNTHETIC FUELS REPORT. JANUARY 1999

5-17



STATUSOFNATURAL GASPROJECTS (Underline denotes changes since January 1998)

COMMERCIAL PROJECTS (Continued)

At theMotunui plant natural gas from theMaui andKapuni fields is converted into crude methanol. This crude methanol is then either converted

into high qualitymethanol for the worldmarket or converted into unleaded gasoline. Built between 1982 and 1985, this dual purpose plant has

the capability to produce either 2 million tonnes ofchemical grade methanol or 750,000 tonnes ofunleaded gasoline per year.

AtWaharaValley,Methanex's secondNew Zealand plant natural gas is converted to chemical grademethanol for the export
market at the rate of

520,000 tonnes per year.

TheMotunui plantwas built originally as a gas-to-gasoline plant with all ofthe crude methanol manufactured at the she
converted into unleaded

gasoline. This changed in 1991 when a second distillation column was added to the Wahara Valley plant and 25 percent ofthe crude from

Motunui could be piped there for distillation.

In December 1994 a 2,000 tonne per day distillation unh came on stream atMotunui allowing for the further distillation of35
percent ofcrude

methanol. In June 1995, a second distillation unh, 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 - SheU MDS (60 percent), Mitsubishi (20 percent), Petronas (10 percent),

Sarawak State Government (NG-50)

The world's first commercial plant to produce middle distiUates from natural gas inMalaysia, started up in April 1993. The $660 million unh is

builtnext to the Bintulu LNG plant in the state ofSarawak. The plant wiU produce approximately 500,000 metric tons ofproducts per year from

100 million cubic feet per day ofnatural gas feedstock. Daily output is approximately 12,500 barrels per day.

The operator for the project is SheU MDS. The SheU middle distiUates synthesis process (SMDS) is based on modernized Fischer-Tropsch

technologywhich reacts an intermediate synthesis gas whh a highly active and selective catalyst The SheU catalyst minimizes coproduction of

Ught hydrocarbons unlike classical Fischer-Tropsch catalysts. The plant has operating flexibility so thatwhilemaintainingmaximum output, the

composition ofthe product package, whichwiU contain lowmolecularweight paraffins andwaxes, can be varied tomatchmarket demand.

Since 1994, due to low prices for distiUate fuels, SheU has shifted production toward higher-valued wax products, solvents, detergent feedstocks

andwaxy raffinates.

In December 1997 the plantwas disabled by an explosion and fire which consumed two large floating-roofproduct tanks. A decision was made

in June 1998 to reconstruct the damaged parts ofthe complex. The plant will be fully operational in the year 2000.

Project Cost: $660 million
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